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Abstract

In this document, we present an overview of the prototype Deliverable D2.4.2 ‘DAIAD@feel prototypes’, i.e.,
the updated and final version of DAIAD@feel prototypes constructed to be used for demonstrations, with
integrated improvements derived from Trial feedback and our entire body of work in WP2.
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Executive summary

In this document, we present an overview of the prototype Deliverable D2.4.2 ‘DAIAD@feel prototypes’, i.e.,
the updated and final version of DAIAD@feel prototypes constructed to be used for demonstrations, with
integrated improvements derived from Trial feedback and our entire body of work in WP2. We present the
three different DAIAD@feel prototypes (LCD only, LCD and RF, RF only) and point out the main challenges
faced during their development. Two out of three DAIAD@feel prototypes are commercially available named
“amphiro a1l basic” and “amphiro b1 connect”. The “amphiro a1 basic” has no RF-capabilities and outputs
the measured volume and temperature on a LC-display. The “amphiro b1 connect” (DAIAD@feel prototype),
by contrast, includes a RF-interface, which allows transfer of data from the device to a mobile application
using BLE. Finally, the third prototype is targeted towards OEM integrations in third-party products.

The micro generator in the DAIAD@feel prototype allows energy autarkic usage of the device without any
batteries. The generator is used to harvest energy as well as for measuring the volume flowing through the
generator. This raises large challenges, which were successfully addressed during the development of the
DAIAD@feel prototype such as: (a) changing generator load due to variable current consumption of the
electrical circuitry imposes volume measurement inaccuracies, (b) production tolerances make every single
DAIAD@feel prototype individual with respect to its frequency-flow rate relation, (¢) dynamic elements to
reduce pressure drop at high flow rates add a non-linear relation for frequency to flow rate conversion. All
above drawbacks of the dual usage of the micro-turbine have been compensated by specially developed
firmware of the DAIAD@feel prototype.

A newly designed, digitally controlled test system based on a gear-type pump minimized the influence of an
operator onto measurements and lead to an increase in volume measurement accuracy from +20% for the
first DAIAD@feel prototype down to +2% for the latest DAIAD@feel prototype. For commercialization of the
DAIAD@feel prototype and to be allowed to sell the product in the EU market, product testing for CE
conformity was obtained. Further, the DAIAD@feel prototype fully complies with drinking water directives
such as DVGW (Deutscher Verein des Gas- und Wasserfachs) and KTW (Leitlinie zur hygienischen
Beurteilung von organischen Materialien im Kontakt mit Trinkwasser (KTW-Leitlinie), 2013/470/D). Finally,
the package (i.e., the banderole), was changed to provide more information to the end customer and adjust
the design to current layout standards.

NAIAD

REPORT ON DELIVERABLE 2.4.2 4



ASQ
CsuQ
DUT
ECI
ECOI
GUI
HCl
ICT

IHD
loT

kWh
/1.

PSSUQ
QUIS
SUS

Ul
UMUX

Abbreviations and Acronyms
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Computer System Usability Questionnaire
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Energy Consumption Information System
Graphical User Interface
Human-Computer-Interaction

Information and Communication Technologies
Information System(s)

In-Home Display

Internet of Things

Kilowatt-hours

liters
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Post-Study System Usability Questionnaire
Questionnaire for User Interface Satisfaction
System Usability Scale

User Interface

Usability Metric for User Experience
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1. Introduction

The DAIAD@feel prototype consists of a micro-turbine harvesting energy from the water flow and measuring
the volume flowing through the turbine. Together with a temperature sensor, the total heat energy used for
a shower extraction can be displayed on a dedicated liquid crystal display (LCD). Further, an RF interface is
available for communication using Bluetooth Low Energy (BLE).

The DAIAD@feel prototype is solely powered by the energy harvested from the water flowing through the
micro generator. The micro generator is used for two purposes at the same time: energy harvesting and
volume measurement. This imposes the following problems:

1) The rotational frequency of the micro generator is reduced with increasing electrical load (principle
of energy conservation)

2) With increasing electrical load and increasing flow rate, the pressure drop across the device
increases

3) A dynamic bypass adds a highly non-linear relation between flow rate and rotational generator
frequency.

The first problem is well known in electrical grid supply where it is used to match the demand-side; the
rotational frequency is directly proportional to the power available from the generator. For the DAIAD@feel
prototype, the source (i.e., the rotational frequency) cannot be controlled, since the user might select
different flow rates or even turn off the running water at any time. Therefore, the energy source is
considered as stochastic and the changing load and rotational frequency need to be compensated
algorithmically in software.

The second problem is addressed by adding a dynamical component to the generator, which opens a bypass
to the actual turbine when the flow rate increases. This however, imposes problems for the volume
measurement, since the relation between flow rate and generator frequency is not linear anymore. To
compensate for this non-linearity, algorithms based on statistical measurements and factory calibration of
every individual device is necessary.

This document will focus on three different versions of the DAIAD@feel prototype:
1) DAIAD@feel prototype with display only
2) DAIAD@feel prototype with display and RF-capabilities
3) DAIAD@feel prototype with RF capabilities only

This document not only includes technical aspects, but also provides an overview over the whole product
and how it is presented to the end user.
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2. DAIAD@Jeel prototypes

We have developed the following three (3) final versions of the DAIAD@feel prototypes. All three prototypes
integrate the same facilities for measuring the volume and the temperature of the water flow. However,
each one provides a different packaging option regarding the LCD and RF capabilities, thus supporting
different user requirements. Specifically, the three versions are:

1) DAIAD@feel prototype with display but no RF-capabilities (this is essentially a significantly improved
version of the amphiro al, integrating all advances introduced during the project except for the integrated
BLE);

2) DAIAD@feel prototype with display and RF-capabilities (this is the final version which was extensively
evaluated in the context of our real-world trials);

3) DAIAD@feel prototype with RF-capabilities only (this prototype integrates only the micro-generator with
the BLE connectivity, allowing OEM applications)

Volume/T
Prototype Moe:SrTJerenfg]Terature Display | RF-capabilities
1 X X
2 X X X
3 X X

Table 1: Overview DAIAD@feel protolype features

2.1. DAIAD@Jeel prototype with Display

The DAIAD@feel prototype with display is Amphiro’s commercially available product called amphiro a1 basic.
This device measures the shower volume and the temperature and displays these quantities on the
integrated LCD. The amphiro al basic was the starting point for the development of the DAIAD@feel
prototype with RF-capabilities, which was used in all DAIAD trials.
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Figure 1: System overview of the DAIAD@feel prototype without RF-capabilities.

The electronics concept of the first DAIAD@feel prototype version is shown in Figure 1. All electronic parts
can be assigned one of the following groups:

1) Sensors (green)
2) Power electronics (red)
3) Userinterface/Logic controllers (blue)

A microcontroller unit (MCU) is the core component of the system. It is connected to all other components
and is programmed to process frequency measurements from the micro-turbine, temperature
measurements from the thermistor and provides the processed information to the user by means of a
customized LC display. The power electronics are necessary to produce a stabilized voltage and therefore
ensure safe and continuous operation of the DAIAD@feel prototype. The power electronics consist of a
AC/DC converter, a buffer capacity and a DC/DC converter, which is directly connected to the user interface
and the logic controller. The DAIAD@feel prototype is equipped with two sensors: A thermistor for
temperature measurement and a micro-turbine for flow rate measurement and energy harvesting.
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‘A
Figure 2: DAIAD@feel prototype with dlsplay only. The prodluct is commercially available named "amphiro a1 basic"

2.2. DNAD@feel prototype with RF-capabilities

The DAIAD@feel prototype with RF-capabilities is an advanced development of the commercially available
amphiro a1 basic. Coping with several challenges was necessary to add RF-capabilities:

1) Optimization of the micro-turbine to be able to harvest enough energy for RF-capabilities. D2.1.1
and D2.2.2 deal with the optimization of the micro-turbine and concludes with a redesigned coil, a
redesigned bypass, a redesign of bearings to reduce friction and optimized power electronics.

2) Choosing an appropriate RF-standard. D2.3.1 and D2.3.2 evaluates different RF-standards currently
available on the market. Such RF-standards are GSM, BLE, WLAN, M-Bus, ZigBee and LoRa. Due to
the requirements of low-power, medium data throughput and high transmission range and market-
share, BLE (Bluetooth Low Energy) was chosen as the RF-standard used in the DAIAD@feel
prototype.

3) Redesign of the electronics (namely PCB). D2.4.1 introduces the newly designed PCB and its main
components.
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4) Rework of the calibration and new precision analysis. D2.2.1 and D2.2.2 cope with this rework and
show the necessary steps.

5) Rework of mass production testing and quality insurance processes during manufacturing of the
DAIAD@feel prototype. These changes are described in D2.4.1

BLE Module
(Dexatek)

Mi troll - i
(Microcontroller Micro Turbine

Buffer
Capacity

Figure 3: System overview of the DAIAD@feel prototype with display and RF-capabilities

Figure 4: DAIAD@feel prototype with Display and RF-capabilities. The product is commercially available and introduced into the market as "amphiro b1 connect".
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2.3. DNAD@Jeel prototype without display

Thermistor

BLE Module
(Dexatek)
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(Microcontroller Micro Turbine

Buffer
Capacity

Figure 5: System overview of the DAIAD@feel prototype without display

The third version of the DAIAD@feel prototype has no display, which requires an alternative approach to
pairing it with a smartphone, since the code cannot be shown on the display. Therefore, this prototype
comes with a predefined pairing code which reduces data security.

2.4 Mechanical Design

The mechanical design of the DAIAD@feel prototype includes two main parts:
1) The micro-turbine used for energy harvesting and volume measurement

2) The housing, which holds the micro-turbine and the electronics

2.4.1. Micro-Turbine

The micro-turbine is a complex structure that harvests energy from the water-flow and can be used to
measure the flow rate of the water flowing through the turbine. All parts of the turbine are designed such
that they can be produced using injection molding. Further, optimization is done to compensate for
production tolerances and ease of assembly during mass production.
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Figure 6: Assembly of the micro-turbine

Figure 6 shows the drawing for assembly of the micro-turbine. The turbine itself is encapsulated in a
turbine-tube (M9.2.1), which can withstand water pressure of up to 10 bar. The tube is closed by the
adapter (M9.3.1), which is sealed to the tube with a special gasket that can compensate for production
tolerances. The turbine includes a permanent magnet, which is rotated by the water flow.

2411, Bypass Membrane

The bypass membrane as shown in Figure 6 (M9.2.10) is a rubber structure, which is bent by increasing
water pressure and opens a bypass for the water flow. Through the bypass, water can flow beside the
turbine and therefore not being used for rotating the turbine wheel and therefore not accounting for energy
harvesting. The dynamic bypass reduces the amount of water flowing through the turbine and therefore
decreases the efficiency of the micro-turbine, however it is necessary for reducing the pressure drop across
the turbine at higher flow rates.
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Figure 7: Comparison of pressure drop for a static and a dynamic bypass

Figure 7 shows the relation between pressure drop and flow rate for a dynamic and static bypass. By a static
bypass, we refer to a bypass structure that does not change its shape with varying pressure. This means that
independent of flow rate, the same relative amount of water can bypass the turbine. Deliverable 2.1.2 deals
with the evaluation of different static bypasses and concludes that a static bypass is feasible in the sense of
measurement precision and pressure drop, but reduces the operational range of the DAIAD@feel prototype
to a very narrow flow rate region. The measured generator frequency at constant flow rate decreases with
increasing bypass area, since an increased bypass area increases the amount of water bypassing the turbine
and is therefore not used for energy harvesting.

In general, three factors need to be carefully balanced when designing a micro-turbine with a static bypass:

1) Pressure-drop: The pressure drop across the turbine must be as low as possible to not negatively
impact the user experience.

2) The generator frequency should never be lower than 30Hz for a chosen flow rate region. Below
30Hz, not enough energy is harvested to power the electronics of the DAIAD@feel prototype.

3) The maximum frequency for the chosen flow rate region should be always smaller than 250Hz, since
this is the maximum frequency the electrical circuitry is designed for. Further, the steady-state
frequency of the micro-turbine should be as close as possible to 120Hz, which is the optimal
frequency, the circuitry is designed for.

As can be seen from Figure 7, the pressure drop shows a higher slope at higher flow rates, which means
that the pressure drop significantly increases at higher flow rates. This has a large impact on the user
experience.

The dynamic bypass, by contrast, shows an approximately linear relation between the pressure drop and the
flow rate as can be seen from Figure 7. Especially, at higher flow rates, the pressure drop across the micro-
turbine is lower than for a static bypass. Further, the dynamic bypass ensures 30Hz generator frequency
starting at very low flow rates (allows to power the electronics at low flow rates) and decreases the

NAIAD

REPORT ON DELIVERABLE 2.4.2 5



maximum frequency at higher flow rates, which reduces the risk of mechanical damage to the turbine. Due
to its linear relation between flow rate and pressure drop, the dynamic bypass can be used over a wider
range of flow rates and therefore maximizes the user experience with respect to pressure drop.

2.4.1.2. Coll

The copper coil (M9.4.4 in Figure 6) consists of N windings, which are wound around the turbine tube.
According to Faraday’s law, an electrical voltage is induced in the copper coil with N windings, if the
magnetic field ¢b inside said coil changes over time t:

__y.2
V@®) = -N-—

The fundamental formula P = U - I (P=power, U=voltage, I=current) states that, in order to actually use
electrical energy from this structure, one needs to draw a current. However, this current runs through the
generator coil and induces a magnetic field. The induced magnetic field is counter acting the permanent
magnet's magnetic moment 7, which results in a force F that counter acts the water’s force on the wheel.
Because the flowing water works against this force by rotating the wheel and displacing it by the distance s,
work is done: W = F - s. This work can be used to harvest energy from the structure, which can be used to
power the DAIAD@feel prototype’s electronics.

The selection of appropriate parameters for the coil is described in detail in deliverable D2.1.1.

2.4.2. Housing

The housing of the DAIAD@feel prototype is made from two separate plastic parts. The front part is partly
transparent to allow the user to see the display. The back part provides openings for the micro-turbine and
covers the enclosed electronics. A DAIAD@feel prototype mounted to a shower-head is shown in Figure 8.

All plastic parts are produced by injection molding, which is a cost-effective way of producing plastic parts.
However, the injection molding process sometimes shows huge tolerances in dimension, which requires a
careful industrial design to cope with tolerance chains of several plastic parts playing together.

For the DAIAD@feel prototype this becomes particularly critical for the front-window, where two different
materials are used to form the transparent part. These two materials show different thermal expansion
coefficients and therefore lead to tension when cooling, which tends to give the front window a curved
shape and must be considered and compensated when parametrizing the molding process and the eventual
assembly of the parts.
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sensor

Figure 8 DAIAD@(eel prototype mounted in a shower.

2.4.3. Display

The DAIAD@feel prototype includes a liquid crystal display (LCD), which can be used to provide visual
feedback to the user. The content of the display is fixed to a predefined and so-called display mask. This
display mask consists of 112 segments, which can either be turned on or off individually. If a segment is
turned on, it becomes black. If it is turned off, it gets invisible.

°g]

e

Figure 9: Display mask of the DAIAD@Yeel prototype
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Figure 9 shows the display mask as used for the DAIAD@feel prototype. The display can be split into three
distinct regions.

1) Top-region: The top-region consists of four 16-segment digits together with the symbols “°C" and
“°F". The 16-segment digits can be used to display any letter “A, B, C,...Z", a number in the range of
1-9999 or a special symbol such as “-,/,+". Further, the symbols “°C” or “°F" can be enabled
independently.

In default configuration, the top-region of the display shows an efficiency measure alternating with the
water temperature.

2) Middle-region: The middle-region of the display includes three full 7-segment digits, three decimal
points and the symbol “1” in 7-segment design. Further, the symbols “Mem”, “Liter”, “kWh" and
“Gallons” can be enabled.

During normal operation, the middle part of the display shows the water volume in Liters when water is
flowing and the energy and the used water volume respectively when the water is not flowing.

3) Bottom-region: In the bottom region, an energy dependent animation of a bear on an ice-block is
shown. The ice melts the more energy is used during a shower. At last, the ice melts completely and
the bear falls into the water.

The display is controlled by the micro controller and the content can partly be configured using special BLE -
commands.

NAIAD

REPORT ON DELIVERABLE 2.4.2 18



3. Engineering Tradeoffs

3.1. Problem Definition

The DAIAD@feel prototype uses one single structure for harvesting energy and measuring the water flow
through the turbine. This raises the following problem:

Flow-measurement is influenced by changing load on the energy harvesting
Non-linear relation between flow rate and frequency of energy harvester

Production-tolerances due to EPDM and molded plastic parts.

3.2. Approaches

3.2.1. Test System

The basis for facing the challenges mentioned above is a precise and accurate test system, which is capable
of applying a water flow with constant flow rate to the DAIAD@feel prototype. A first prototype version of
such a system can be seen in Figure 10. The system was based on a centrifugal pump, which pumped water
from a reservoir through the device and back into the reservoir. A bypass with variable opening was added
to control the flow rate using two manual valves (opening the bypass reduces the flow rate through the
DAIAD@feel prototype). However, a centrifugal pump is not volumetric, which means that one turn of the
pump not necessarily equals the same amount of water pumped through the pump under variable load
conditions. Therefore, pressure drop caused by the DAIAD@feel prototype can easily change the flow rate
through the pump and therefore heavily influence the measurement ending in a non-constant flow rate
through the DAIAD@feel prototype.
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Figure 10: Test system with centrifugal pump. Two valves (yellow) are used to control the amount of water flowing through the DUT (blue). A Digmesa-Flowmeter (red) is used to
measure the flow rate. A high precision scale (green) can further be used for accuracy measurements,

To overcome the problems mentioned above, the centrifugal pump was replaced by a gear-type pump. A
gear-type pump is volumetric, which means that the same amount of water is pumped in every turn of the
pump’s motor. This makes the pumped volume independent of the pressure drop caused by the DAIAD@feel
prototype.

The newly developed test system with the volumetric pump also features fully automatic measurements. The
pump is connected to an inverter, which allows to control the frequency of the motor and therefore allows
to select the flow rate produced by the pump. The inverter is connected to a linux based computer through
an RS485 interface, which enables digital control of the frequency of the pump.

Since the pump frequency and therefore the flow rate can be digitally controlled, the influence of the
operator can be eliminated, which reduces measurement errors significantly. Further, special shower
profiles with different flow rates and pause times can be programmed in an xml-file. Once transferred to
the test system, the time-based flow rate profile as defined in the xml-file is executed and applied to the
DUT.
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The system includes two differential pressure sensors which can be used to measure the differential
pressure across the DUT or the inlet and outlet of the pump.

The new test system is shown in Figure 11 and Figure 12. The system is mounted onto a metal construction
equipped with wheels such that it can be used wherever it is needed. Figure 11 gives an overview of the
new test system, which is 760x760x820mm (length x width x height) in size. The touchscreen (yellow)
controls all functions of the system and shows key parameters such as pressure measurements and flow rate
measurements (refer to Figure 13 for more details of the GUI). The DUT (red) is connected to the system by
two hoses. One hose comes directly from the pump and the other one reverts the water into the reservoir.
The emergency switch (green) is used to turn off the whole system in case of a technical problem.

Figure 11: Front view of the newly developed test system. The fouchscreen (yellow) is used o control the flow rate and valves of the test system. The emergency switch (green) can
be used to deactivate the whole system in case of technical failure. The accuracy of the DUT (red) can be measured using a high precision scale (orange).
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Figure 12: Sidle view of the newly developed test system. The gear-type pump (dark green) is controlled by the invertor (red). The magnetic valves (yellow) and the invertor (red) are
switched on and off by relays mounted inside a waterproof case (light green). A pressure sensor (orange) constantly measures the pressure across the pump.

Amphire Testbench

System On/Off Configuration

Calibration
Load Flow Profile
Calib Pressure

Parameters

System Info
Relay Inverter: OFF
Relay Bypass: OFF
Relay Fan: OFF

oamphiro

Flowrate (real} [L/min]:
Flowrate {(nominal) [L/min]:
Time ON: Oms

Flow Adj: 0.00L/min
Pressure [diff}: 2.4mBar
Pressure (Pump): -19.2mBa

Figure 13: GUI (Graphical User Interface) of the newly developed test system. The whole system (namely the flow rate and the bypass) can be controlled through this interface.
Further, key-parameters such as pressure drops and flow rate are logged and displayed.
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3.2.2. Changing generator load

The DAIAD@feel prototype uses one single micro generator for energy harvesting and flow rate
measurement. The flow rate measurement is based on the measured generator frequency. Under constant
load conditions, this relation is linear and each frequency uniquely corresponds to one flow rate, which
would allow to precisely measure the current flow rate through the generator.

However, in the application of the DAIAD@feel prototype, the generator load is not constant due to power
bursts caused by the BLE-module (namely during advertisement of real time shower data). The fundamental
principle of energy conservation therefore implies that the frequency of the generator decreases with
increasing generator load. For the flow rate measurement, this implies that one frequency not uniquely
corresponds to one flow rate, which makes it necessary to statistically measure the flow rate-frequency
relation from several DAIAD@feel prototypes and use mathematical tools to find a relation, which is valid for
all of the produced devices.

3.2.3. Non-linear relation between frequency and flow rate

Beside the changing load, a dynamic element made from EPDM controls the amount of water which flows
through the turbine. This part lets more water bypass the turbine at high flow rates and forces more water
to flow through the turbine at low flow rates. As a drawback, this adds further non-linearity to the relation
between the frequency and flow rate.

As for the changing generator load, the effect can be partly compensated by obtaining measurements and
find a mathematical model, which is statistically valid for all devices.

3.2.4. Production Tolerances

The production method for the micro generator of the DAIAD@feel prototype is injection molding. This is a
standardized production method, which is not prohibitive and accurate enough for mass production.
However, different thermal coefficients add small dimensional inaccuracies. These inaccuracies make every
DAIAD@feel prototype unique with respect to its flow rate-frequency relation.

To account for this problem, every single DAIAD@feel prototype is calibrated after production using the
calibration equipment as shown in Figure 18.

3.2.5. Calibration Flow rate

Due to manufacturing tolerances, each single DAIAD@feel prototype needs to be calibrated at the end of
production. This is done using the calibration equipment as shown in Figure 18. During calibration, the
device is exposed to water with a constant flow rate. Due to the one-point calibration, the device is
supposed to be within specification of +-10% volume measurement error at the calibration flow rate. These
calibration flow rate therefore needs to be as close as possible to the flow rate of an average household,
where the DAIAD@feel prototype is used.

In first studies in Switzerland, the mean flow rate was near 12 L/min, which is why 12L/min was used as the
calibration flow rate for the first DAIAD@feel prototypes (Figure 14). However, later study results and study
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results from Germany, Alicante and St Albans showed significant lower mean flow rates. This is why the
current DAIAD@feel prototypes are calibrated at 11L/min.

3000 4000 5000
1

Number of Showers

REPORT ON DELIVERABLE 2.4.2

Flowrates in CH (ewz)

7.5

I

10 125 15 17.5 20
Flowrate in /min

Figure 14: Flow rate histogram
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4. Production

For the Trials, 300 DAIAD@feel prototypes (amphiro b1 connect) were required and produced for this
purpose. So far, more than 20000 amphiro b1 connect devices have been produced. The production of all
DAIAD@feel prototypes was successfully carried out in the EU and the devices have been shipped to the trial
locations.

41, Assembly

The assembly of the DAIAD@feel prototype includes 20 individual steps and is carried out by hand (no
robots). The main steps include:

1
2

Programming and testing of the electronics (see section 4.2)

Assembly of the micro-turbine (several sub-steps)

N w

)

)

) Assembly of the front-housing including the display

) Assembly of the rear-housing including the micro-turbine
)

5) Soldering the cables from thermistor and micro-turbine to the electronics and sealing of the

contacts

6) Closing the DAIAD@feel prototype

The whole assembly is carried out by hand and one single person. The assembly includes wet-processes for
properly sealing the product, which increase overall production costs, but also increase product quality and
reliability.

4.2. Product Quality / Testing

To reach high product quality, the production process is designed to incorporate three different test
procedures. In a first step, the printed circuit board (PCB) is mounted and soldered with the proper
components; the microprocessor is then ready to be programmed. Note: the micro generator and the
temperature sensor are not yet connected to the PCB. After the programming of the host

NAIAD
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Figure 15 Sealing of soldering points with sealing adhesive.

microcontroller the first test is performed: A sinusoidal voltage is used to simulate a high-speed generator
and a resistor is used to simulate the temperature sensor. The host microcontroller checks if the measured
frequency of the simulated generator is as it is expected.

In parallel, the second test is started in the background: The BLE module starts announcing the unique ID of
the host microcontroller over the air.

The first test is continued with a test of the LCD functionality: Four different screens are shown to the system
operator with a characteristic display pattern. Each has to be confirmed by the operator. Once all screens
are confirmed, the first test for functional electronics is successfully concluded.

Right after the first test is finished, the second test continues (in the background): the host microcontroller
sends its unique ID via serial interface to the testing infrastructure where this information can be compared
to the one that is being announced on the Bluetooth Low Energy channel. If the equality is successfully
asserted, the second test is also passed and the smart meter is ready for the third test: the so-called
product testing.

Figure 17 illustrates this production step and shows the “tester” used to ensure product quality.

In the third test the now fully assembled smart meter is operated with water at a fixed flow rate. This way,
each device is tested for successful operation and in addition can be calibrated as described in DAIAD
deliverable D2.2.1. Special test equipment, as depicted in Figure 17 and 18, was developed and shipped to
the production site.

NAIAN
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Figure 16: Flow chart of testing procedure in production
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The display provides test
results to the operator
and tracks them in the
production database

Each circuit board
is tested after

- programming

-’?‘_"

Figure 17: Tester for programming and testing of DAIAD@feel prototype electronics. The electronics are placed onto the white part in the middle of the machine. It
then gets electrically connected from the bottom.

NAIAD

REPORT ON DELIVERABLE 2.4.2



REPORT ON DELIVERABLE 2.4.2

Figure 18: Calibration equipment at prodluction site. The device is calibrated and tested with a water-flow similar to
real water extractions.

NAIAD
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0. Installation and Operation

The outer physical dimensions of the DAIAD@feel prototype are the same as the ones of the amphiro af
basic product and the installation in the shower is essentially analog to the a1 installation and illustrated in
Figure 19. The complete set of instructions included in the product’s packaging is provided in the Annex.

1

Figure 19: DAIAD@Yeel installation guide

NAIAN
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6. Commercialization

6.1 Certificates

6.1.1. CE (Communauté Européenne)

Every product sold in the EU market must comply with CE regulations. In particular, the following
regulations apply to the DAIAD@feel prototype:

e DINEN 60950-1:2014
DIN EN 55014-1:2012

e DINEN 55014-2:2009

e [ETSIEN 307 489-1V1.9.2
o ETSIEN 301 489-17V2.2.1
e ETSIEN 300328 V1.8.1

The amphiro b1 connect device (DAIAD@feel prototype) was successfully tested for the above directives and
therefore fully complies with CE regulations when used according to specification. The CE certificate for the
amphiro b1 connect therefore allows to sell the product within the EU market.

6.1.2. Drinking Water approval

Components in contact with drinking water must have a drinking water approval. In Germany such a
component must be certified according to DVGW-W270 and KTW. The standard describes a test, where the
component is put into drinking water for several months. After predefined time intervals, the bio-film is
removed from the probe and is analyzed with respect to composition. Limiting values of various bio-
components are listed and restricted by DVGW-W270 regulation.

All components of the DAIAD@feel prototype in touch with drinking water are produced according to DVGW-
W270 and KTW regulations.

6.2. Packaging

The packaging of the DAIAD@feel prototype consists of an inner package made from cardboard and a
banderole placed on top of the inner package. This allows a high degree of flexibility with changing the
banderole design without changing the whole package. The package can be seen in Figure 20.

NAIAD
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Figure 20: DAIAD@feel prototype (amphiro b connect) packaging

During the development period of Task 2.4, the banderole has changed due to user feedback and changing

marketing strategies. The old banderole is shown in Figure 21 and the new banderole is shown in Figure 22.
The main changes are as follows:

- Content: The content printed onto the banderole has changed to include more information for the
potential customer.

- Material: The material has changed from blurry, white cart-board to UV gloss white cart-board.

- Printing technology: The printing technology has changed. This allows to use more colors and having
printed photorealistic pictures onto the banderole.

NAIAD
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7.2. Board Layout (PCB)

“amphiro
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/.3. Datasheet STMMCU

‘ ' e augmented

STM8L151x8 STM8L152x8
STM8L151R6 STM8L152R6

8-bit ultralow power MCU, up to 64 KB Flash + 2 KB data EEFPROM,
RTC, LCD, timers, USARTs, 12C, SPIs, ADC, DAC, comparators

Features

July 2013

Operating conditions

— Operating power supply: 16510 36
{without BOR), 1.5 to 3.6V (with BOR)

— Temp. range: -40 to 85, 105 or 125 °C

Low power features

— 5 low power modes: Wait, Low power run
{5.9 pA), Low power wait (3 pA), Active-halt
with full RTC (1.4 pa), Halt (400 na)

— Consumption: 200 pAMHz+330 pa

— [Fast wake up from Halt mode (4.7 ps)

— Ultra low leakage per 1/0: 50 n&

Advanced STME core

— Harvard architecture and 3-stage pipeline
— Max freq: 16 MHz, 16 CISC MIPS peak
— Up to 40 extemnal interrupt sources

Reset and supply management
— Low power, ultrasafe BOR reset with 5
programmable thresholds

— Ultralow power POR/FOR
— Programmable voltage detector (PVYD)

Clock management
— 32 kHz and 1-16 MHz crystal ozcillators

— Intermal 16 MHz factory-trimmed RC and
38 kHz low consumplion RC

— Clock security system

Low power RTC

— BCD calendar with alarm interrupt,

— Digital calibration with +/- 0_5ppm accuracy

—  Advanced anti-tamper detection

ChLA,

— 4 ch. for ADC, DACs, SPls, IZC, USARTs,
Timers, 1 ch. for memory-to-memory

LCD: Bx40 or 4x44 wi step-up converter

Datasheet - production data

® ® -

LaFPaD LOFPEL LOFP48  UFQFPN4E

+ Memories
— Up to 64 KB of Flash memary with up to 2
KB of data EEPROM with ECC and RWW

— Flexible writefread protection modes

— Upto 4 KB of RAM
s 2012-bit DAC (dual mode) with output buffer
= 2 ultralow power comparators

— 1 with fixed threshold and 1 rail to rail

— 'Wakeup capability
« Timers

— Three 16-bit timers with 2 channels (IC,
OC, PWWM), quadrature encoder

— One 16-hit advanced control timer with 3
channels, supporting motor control

— One 8-hit timer with 7-bit preacaler

— 1 Window and 1 independent watchdog

— Beeper timer with 1, 2 or 4 kHz frequencies
« Communication interfaces

— Two synchronous serial interface (SPI)

— Fast I2C 400 kHz SMBus and PMBus

— Three USARTs (IS0 7816 interface + IrDA)
+ Upto 67 /Os, all mappable on interrupt vectors
+ Upto 16 capacitive zensing channels

supporting touchkey, proximity, linear touch
and rotary touch sensors

+ Fast on-chip programming and non-intrusive
debugging with SWIM, Bootloader using
USART

+ 956-hit unigue 1D

Table 1. Device summary

. Reference Part number
12-kit ADC up to 1 Mapai28 channels e —— - -
— Temp. =ensor and internal ref. voltage STMBL 15208 STMABL152RE, STMBL1S1ME, STMEL1S2ME
STMELIS1RE - -
S TMEL {55 STMAL1E1AE, STMEL 162RG
DoclDi7843 Rev 8 11134

This s Infiomnation on 3 product Infull production.

REPORT ON DELIVERABLE 2.4.2
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14, Datasheet BLE-Module

e DEXATEK

TEL: +886 2 86984245 FAX:+886 2 86984108
Add: 12F-6, NO.81, Sec.1, Hsin Tai Wu Rd., Xizhi Dist., New Taipei City , Taiwan.

Specifications

*RF

= 2 4-GHz Biuetooth low energy Comphant and Proprietary RF System-on-Chip

- Supports 250-kbps, 500-kbps, 1-Mbps, 2-Mbps Data Rates

- Excelient Link Budget, Enabling Long- Range Applications Without External Front Modes
End

- Programmable Output Power up 1o 0 dBm

- Excellent Receiver Sensitivity (-94 dBm at 1 Mbps), Selectivily. and Blocking Performance

- Suitable for Systems Targeting Compliance
With Workdwide Radio Frequency
Regutations: ETSI EN 300 328 and EN 300
440 Class 2 (Europe), FCC CFR47 Part 15 (US) and ARIB STD-T66 (Japan)
+ Microcontroller
- High-Performance and Low-Power 8051
Microcontrolier Core With Code Prefetch
- In-System-Programmable Flash, 128- or 256-KB
- &-KB RAM With Retention in All Power Modes
- Hardware Debug Suppont
- Extensive Baseband Automation, Including Auto-Acknowledgment and Address Decoding
- Retention of All Relevant Registers in All Power Modes
+ Low Power
- Active-Mode RX Down 10: 17,9 mA
- Active-Mode TX (0 dBm): 18.2 mA
- Power Mode 1 (4-ps Wake-Up): 270 pA
- Power Mode 2 (Sleep Timer On): 1 pA
- Power Mode 3 (External Interrupts): 0.5 pA
- Wide Supply-Voltage Range (2 V=36 V)

DEXATEK TECHNOLOGY LTD,
TEL:+886 2 86984245 FAX:+885 2 86984108

NAIAN
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{eDEXATEK

TEL: +886 2 86984245 FAX:+886 2 86984108
Add: 12F-6, NO.81, Sec.1, Hsin Tai Wu Rd., Xizhi Dist., New Taipei City , Taiwan.

Standard Bluetooth low energy (BLE)
RF frequency range Programmable in 2-MHz steps
RF data rate IMbps, GFSK, 250 kHz deviation
TX Current @ 0 dBm 18.2 mA
RX Current (normal gain) 17.9 mA
PM2 Current 09 uA
PM3 Current 0.4 uA
Max. output power +0 dBm
Dimensions 25X17 mm
Operating temperature -10-60C
RF sensitivity -Standard mode: typ. -87 dBm
-High-gain mode: typ. -94 dBm

Output power Typ. 0 dBm
Supply voltage -0.3-3.9V

DEXATEK TECHNOLOGY LTD.

TEL:+886 2 86984245 FAX:+886 2 86984108

REPORT ON DELIVERABLE 2.4.2
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e DEXATEK

TEL: +886 2 86984245 FAX:+886 2 86984108

Add: 12F-6, NO.81, Sec.1, Hsin Tai Wu Rd., Xizhi Dist., New Taipei City , Taiwan.

Block Diagram

Block Diagram of DK9107 Module Board

12C
\ Reset- N
CC2541
I/O PORT
>
VCC
DEXATEK TECHNOLOGY LTD.

REPORT ON DELIVERABLE 2.4.2

TEL:+886 2 86984245 FAX:+886 2 86984108
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{eDEXATEK

TEL: +886 2 86984245 FAX:+886 2 86984108
Add: 12F-6, NO.81, Sec.1, Hsin Tai Wu Rd., Xizhi Dist., New Taipei City , Taiwan.

Pin Assignment

Pin | Name Description
1 DGND_USB | Connect to GND
2 GND Connect to GND
3 P2 2 DC(debug port)
4 P2_1 DD(debug port)
5 P2 0 Port 2.0
6 P1 7 Port 1.7
7 Pl 6 Port 1.6
8 VCC 2-V-3.6-V analog power-supply connection
9 SCL SCL
DEXATEK TECHNOLOGY LTD.

TEL:+886 2 86984245 FAX:+886 2 86984108

NAIAN
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e DEXATEK

TEL: +886 2 86984245 FAX:+886 2 86984108

Add: 12F-6, NO.81, Sec.1, Hsin Tai Wu Rd., Xizhi Dist., New Taipei City , Taiwan.

10 | SDA SDA
11 P15 Port 1.5
12 DVDD_USB | 2-V-3.6-V digital power-supply connection
13 [Pl 4 Port 1.4
14 | P13 Port 1.3
15 P12 Port 1.2
16 | Pl_1 LED+ (MAX 20mA)
17 |P1O LED+ (MAX 20mA)
18 | P02 Port 0.2
19 | P07 Port 0.7
20 P0G Port 0.6
21 PO _1 Port 0.1
22 |PO.S Port 0.5
23 PO 4 Port 0.4
24 RESET N Reset, active-low
25 | P03 Port 0.3
26 |P0O O Port 0.0
DEXATEK TECHNOLOGY LTD.

TEL:+886 2 86984245 FAX:+886 2 86984108

REPORT ON DELIVERABLE 2.4.2
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e DEXATEK

TEL: +886 2 86984245 FAX:+886 2 86984108
Add: 12F-6, NO.81, Sec.1, Hsin Tai Wu Rd., Xizhi Dist., New Taipei City , Taiwan.

Mechanical Drawing

25.0mm —=>

5.:-8:82 3

o0 00000

DEXATEK TECHNOLOGY LTD.
TEL:+886 2 86984245 FAX:+886 2 86984108
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/.5. Datasheet Thermistor

lomphiro
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6 1
[ goooopanononn

A N (TN (N ST

i i I\ |
AN 11 |
MUY WU QAN AN

50,4

n,,r\} P,

% >

32,54

MO OO IO ni
17 32| o

NAIAN

REPORT ON DELIVERABLE 2.4.2

4



/.7. CE Declaration

Declare:

Standards used:

Place of issue: Ziirich, Switzerland

Dr. Themas Stiefmeier

Signature:

Chief Executive Officer:

QMmPENIro

Declaration of conformity

S

Amphiro AG
Badenerstrasse &0
CH-8004 Zurich

Switzerland

Under our sole responsibility that the following labelled devices

amphiro bl

to which this declaration relates, are, when used according to specification, in conformity with the technical
requirements of the standards and the provisions of the essential requirements of the directives detailed below.

DIN EN 60950-1:2014

DIN EN 55014-1:2012

DIN EN 55014-2:200%

ETSI EN 301 48%-1Vv1.9.2

ETSI EN 301 48%-17v2.2.1

ETSI EN 300 328 V1.8.1

Date of issue: 04.04.16

REPORT ON DELIVERABLE 2.4.2
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/.8. Manual Amphiro bl connect

amphiro

amphiro b1
smart shower meter

Hot water equals energy
You decide how much energy you use - for a variety of things.

Installation in three easy steps

phiro b1 1 designed for your hasdbetd showerhaad
L. Unscrow the showerhoad
from the hoss.

2. Remove the red adhestive tape
at the battom end of amphtro b1
and ersure that the steve stays '
= placa: the comeax (curved)
s3de must pont towards the
wntenor of the device, Screw
the showur hose onto this
with the steve,

With amphiro bt you keep track of your hot water
That way. you can pursue anergy efciandy goals or simply geta
sanse for your parsomal resource wtillzation In the shower. The
tnformation provided enables you to consclousty use thermal
eneegy and metivates sustainable use of precious resounces.

Act consciously and conserve energy

With amphiro b1, Bouseholds reducs thetr annual thermad ensr-
Qv consumption ty 440 kWh and thetr donking water consump-
tion by 8°500 Utres on average. That way you make an important
contritetion to reaching the eMciency goals of owr secisty and
at tha same time you raduce your water and anergy Biils.

solnoff & i

Get connected with the Amphiro app

iphiro bl tra your e ption datavia
Bluetooth 4.0 to your mobile 105 or Androld device.
As soon asyou are connected, you can track your
consumption data and benefit from various support

features.

How to install the free app

1. Download the free Amphiro app for your
105 or Android smart device at Apple's App
Store or at Google's Play Store (search for
amphiro bi).

2. Connectyour smartphone with a
Bluatooth 4.0% connection.

3. Once connected, start the Amphiro
app and get access to your personal
consumption data and benafit from our
support features.

Please note that your smarphone
must support Bluetooth 4.0* to
connect to amphiro b1.

Your personal consumption account contains information
aboutyourwater consumption, the number of showers
taken and thewater temperature. All information will be
treated confidentially and will be evaluated anomymously.

REPORT ON DELIVERABLE 2.4.2

1. Scrow the showerhead into
the short hose on amphiro b1,
B sure to remove the safety Gp
first and ensurs that the sealing
g stays In place Inside the -
hose.

No batteries — powered by the water

amphiro b1 does not use batteries. The device 1s powered only
by the water flow. Once the water flow stops, the device will
turn off automatically after a while.

Instructions for use

Please read these Instructions carefully.

= Do not submarge the device in water. Do not let it float in the
bathtub.

= Do not apply any decalcifiers or abrastve cleaning agents

(scouring powder/milk), as they may damaga the display.

This device 1s not a toy and not suitable for small children. It

contains small partswhich may be swallowed.

Do not open the device. Doing sowillirreparably damage it,

as the compartment sealing will be compromised.

= The device contalns a strong permanen t magnet as found for

example in earphones. Individuals with a pacemaker should

maintain an appropriate safety distance.

The displayed energy consumption does not account for

baller/ fummace efficlency or transportation losses. The values

ara therefore not suitable for billing purposes.

Answers to frequently asked questions can befound at

www.amphiro.comftaq or contact info@amphire.com

Symbols to be Tound on the device:

7 WEEE-Symbol: This product must not be disposed with
— other waste

¢ CE-Certification-Symbol: This product complias with the
relevant EU legislation applicable to this product

Device Serfal-Humber

NAIAN

Your smart meter for the shower

amphiro bi displays the water and anargy consumption for
avery mawidual showsr taken. After a coupls of minutes of
trterruption, & mew measuremant will start and the display will
b reset tozer.

Temporaturs display

During the shower: Information
sbout thowster temperaturs In
Catstus.

Wator 20d anorgy consumption

*  Durtag the showsr: Water consumgtion
n litres,

*  After the shower: Alternating display
of 2) snergy comsumption in Watt-
hours (Wh) / KMtowatt-hours (kWh).

) water consumption I ires.

Climate animation

Iceberg meltswith
Increasiog snergy
consamption

This package contains

The emphastzed elements are part of this package:

1. Showerhead (partofyour shower)
2. Protective cap (to be removed before

b o

installation)
3. Sealing ring (underneath the cap at one end
of the short hose)
4. Short hose
5. amphiro b1 smart shower meter
6. Sleve with sealing gasket
7. Shower hose (part of your shower)
2 ®
Technical information ﬂ_{a
All terminals 1" standard screw
Application Water flow range: 5 to 20 lHtres per minute
Temperature: 5 °C to 65 °(
Max. pressure: 10 bar
Protection Waterproofin accordance with IP&5.
against motsture | Do not submerge device in water,
Connection Bluetooth &0% required.
Accuracy + 10% at 12 litres per minute. Greater
deviations may occur at differant flow
rates.

Manufacturer: Amphiro AG, Limmatstrasse 183, CH-8005 Zurich
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1.9. Datasheet Gear-type Pump

Beschreibung

Verdergear Zahnradpumpen sind hervorragend fur anspruchsvolie
Anwendungen im Bergich der Fluidférderung fir Gefahrgter oder
teure Chemikalien geeignet. Sie arbeiten pulsationsfrei und ohne
Leckagen. Die Serie Verdergear Process besteht aus 10 Medellen

fir die verschiedensten Leistungsbereiche. Alle Verdergear Process
Zahnradpumpen kénnen mit verschiedenen Motorvarianten (2.8, mit
integriertem Frequenzumrichter) geliefert werden.

Mu Fom«m«soe
Anschiusse

Max. Differenzdruck

Max. Systemdruck
Tunp«aturbomeh

Max, Viskositat

Gewicht (Wellenabdichtung)
Gewicht (Magretgekupplung)

Pumpenschlussel

40,5 /min

%" BSPT oder Aansch
15,5 bar

15,5 bar

40 bis +260 °C
100.000 mPas
13kg

116 kg

Ihr Nutzen

-~ Pulsationsfreie Forderung

-~ Sehr zuverlassig

-~ Hohe Doslergenauigkeit

-~ Korrosionsbestandige
Werkstoffe

-~ Sehr servicefreundlich

[ 4
u
)
o
w
@]
o
L
>

Nr. AN 2 Nr. 3 Ne. 4 Nr. 5 N 6 N, 7 Nrw 8 N, 9 N, 10 N 11 Nr. 12 Nr, 13 Nr, 14 Nr. 15 Nr. 16 Nr, 17

Nr. 1 BaugroBe
H?

Nr. 2 Férdervolumen
F = \olle Férdermenge
N/R = Reduzierte Férdermenge

Nr. 3 Werkstoff Gehduse

£ = 316 SS DIN PN 16 geflanscht
F = Alloy-C DIN PN 16 geflanscht
H = Alloy-C NPT

S = 316 SS NPT

X = 316 SS BSPT

Y = Alloy-C BSPT

Nr. 4 Werkstoff treibendes
Zahnrad

1 = Alloy-C

3 « Teflon

6 = 31655

K = Kynar

P = PEEK

Nr. S Werkstoff getricbenes
Zahnrad

1 = Alloy-C

2 = Karbon

3 = Teflon

6 = 316 55

8 = Ryton

K = Kynar

P = PEEK

Nr. 6 Werkstoff SchleiBplatten
3 = Teflon

4 = Keramik

E = Karbon 60

P = PEEX

Nr. 8 Dichtung

2 = Magnet 14 mm (IEC 71-85)

3 = Magnet 19 mm (1EC 80-85)

4 = Magnet 24 mm (IEC 90-85)

8 = Magnet 28 mm (IEC 100/112-BS)
= Einfache GLRD Kohle-Keramik

S = Einfache GLAD Teflon-Keramik

F =« DoppeRte GLRD Kohle-Keramik

H = Doppelte GLRD Teflon-Keramik

L = Packung Teflon

R = Packung Grafoil

Nr. 9 Lagerspllung
0 = Chno

1 = Externe Lagerspllung
2 = Interne LagerspQleng

Nr. 10 Welle

0 = Standard (Edelstahl)
1 = Keramik beschichtet
2 = WC beschicheet

Nr. 11 Werkstoff O-Ring
0 = Teflon

£ = EPDM

6 = 316 SS/PFA encap.

V = Viton

B = Buna-N

K = Kalrez

Nr. 12 Sicherungsring
0 = Gehausematerial

Nr. 13 Workstoff Lagerstift
0 = Teflon
1 = Alloy-C
6 =316SS

Nr. 14 Kupplung

2 = [EC 71-BS

3 = [EC 80-BS

4 = [EC 90-85

8 = [EC 100/112-85
9 = Freies Wellenende
U = 75in-lbs

B = 120 in-lbs

V = 200 in-lbs

Nr. 15 Optionen

8 = Temperatur Trim

9 = Viskositat Tram

D = Doppelter Spalttopl
S = Standardspalttopf

Nr. 16 Leistung in kW
2B.0,18 = 0,18 kW

Nr. 17 Drohzahl
2.8. 1000 = 1000 U/min

Nr. 17 Ausfuhrung
TF = 400V / 3 Phasen /
3 Kaltlei or

Achtung: Nicht alle Kombinationen verfigbar

Besuchen Sie auch unseren Webshop unter shop. verder.de N

NAIAN
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Verdergear

Zahnradpumpe H7F

Kennlinie

TEST FLUID: WATER (1 ¢P)
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7.10. Datasheet Pressure Sensar

Pressure Sensors

Gage and Differential/Unamplified-Noncompensated

Basic Sensors

6‘*

FEATURES

® Minatro package

* Vanety of gage pressire port confg.
urations - easily and quickly modified
for your special needs

® Operable after exposure to frozen
condions

* |deal for wol'wel difforontial
applicatons

24PC SERIES PERFORMANCE CHARACTERISTICS at 10.0 =0.01VDC

Excitation, 25°C

Min, Typ. Mux, Units
Exciaton — 10 12 viC
Null Offset -30 0 +30 mv
Null Shift, 25° to 0, 25" 10 50°C +20 my
Unoasity, P2 » P1, BFSL =025 =10 %Span
Span Shit, 25° 10 0%, 25" 10 50'C - 250 - % Span
Ropeatabiity & Hysteress — =0.15 - %Span
Rosponse Time — — 1.0 msac
Input Resistance 40X 50K 60K ohms
Ouput Resistance 40K 50K 60X ohms
Statidity over One Year =05 %Span
Weght 2 - qrams

ENVIRONMENTAL SPECIFICATIONS

24PC Series

o Choico of tlermination for gago Sonsors

® 2mA constant current excitation signil-
icantly reduces sensitivity shift over
lemperature *

o Can be used to measure vacuum or
positive pressure

Operating Temperatine -40” 10 +85°C (40 to +185°F)
Storage Temperature -55" 10 +100°C (~67° 0 4212'F)
Shack Qualification tested t0 150 g
Vibration Qualification tested 1 0 1o 2 kMz, 20 g sine
Mogka (P1 & F2) Limtod only to hose moda which will not attack
polyethenmide, siicon, fluceosilicons, siicone.,
EPDM and neoprane seals.
24PC SERIES ORDER GUIDE
"Range Spas, av mVipsi Overpressure
psl Min, Typ. Max, Typ. psl Max.
24PCE Type 05 24 35 46 70 20
24PCA Typo 10 30 45 60 45 20
24PC8 Typo 50 85 115 145 23 20
24PCC Typo 15 1685 225 285 15 45
24PCD Type » 240 330 420 " o0
24PCF Type 100 156 225 204 225 200
24PCG Typo 50 145 212 260 08s S00

* Non-compensated pressure sensors, excied by constant curent instead of

voltage, exhiba temperature compensation of Span. Application Note #1

briofly discusses current exdtation,

Constant current exctaton has an additonal beneft of tlemperature mea.

surement. When driven Dy a CONStant current source, a SAcon pressure
sensor's termenal vokage will rise with increased temperature. The nse in

voltage not only compensates the Span, but is also an indication of die

temperaturo.

Constant Current Excitation Schematic
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Pressure Sensors

Gage and Differential/Unamplified-Noncompensated

SENSOR SELECTION GUIDE
2 4 PC
Product Circuit Pressure
Famity Typo Transducer

220PC 4 Noncom-
family persated

Example: 24PCAFA2G

24PC Series
A 2 G
Typeo! Termination Pressuse
Port Style Moasurement
A Stroight 11x4 G Gage
B d (4007 D Dfterential
C Luor 22x2
D Modular 61x4
H M5 Thvead (6007
190 Port
J Neodto
K Reverse 58 Port

L 14 - 28 UNF wCablo Lock
M 174 - 28 UNF wio Cadle Lock
S Marslold

Sandard, non-compensated 1 psi Sensor with Suorosilicone seal straight port. 2 x 2 1arminals, and Gage Dressw e MeasEoment

*Omner modia seal matesials may be available.

See Accessory Guide, page 27. Notall '8 &0 vod. Contact
800 rumber betore final design.
12 Honoywol @ Somsing and Control @ 1-800-537-6945 USA @ 4 1.815.235-634 7 intomational @ 1-800.737-3360 Canada
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111. Datasheet Magnetic Valves

2/2-Wege Magnetventile

fur Trinkwasser-Anwendungen

321K4.13 Baureine NC normal geschlossen
322K4.13 Baureihe NO nommal offen

Das Produkt:

SSIGE

Kontakt Information: Anwendungen:

Parker Hannitin S.p.A 2/2-Wege Magnetventile
Automasion Group 2w Verwendung:

Flug Control Dwvision Europe

Via E. Fermi, § * Mit Trinkwasser

IT - 20060 Gessate (M) * Zur Getranke-Abtillung

Tel: +39 0295 1251

Fax: +30 02 05 382 051 * In Kaffosmaschinen

* In Wasserspendem
* Undt viglom medy

Vorteile:

* Trinkwasser-Zulassung

* Kompaktes Design

* Hochste Zuverlissigket

* Einfachs Wartung

* Vietaltige Ensatzmoglichketan

m ENGINEERING YOUR SUCCESS.

NAIAN
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Technische Daten:
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Fur diese Baureihe stehen lhnen eine Vielzahl von verschiedenen Magnetspulen fiir die unterschiedlichsten
Einsatzbereiche und in allen Standard-Spannungen zur Verfiigung.

Die modeme und einfache (patentierte) Konstruktion der Ventikdeckels emdglicht alifallige Wartungsarbeiten
in-line d.h in eingebautem Zustand des Ventiles.

Ersatzteil-Sitze sind auf Anfrage verflgbar.

Bestell-Beispiel:
321K4513-2995.13-48186530D
2/2-Wege, G 1/2", Normal geschlossen, 230V/50Hz,

[T TR

© 2014 Parir Mannl e OO stoe FOOE S31506 - Gy o

Ads Vioorte vortehaltem
EMEA-Produktinformationszentrum
Gebuhrenfrek 00 800 27 27 5374

{sus AT, BE, CH. CZ,DE, DK EE, ES, A, FRUIE, IL
IS, IT. LU, MT, NL, NO. PL, PT, RU, SE. SK, UK, ZA)

US-Produktinformationszentrum
Geblhrenfrei: 1-800-27 27 537
www.parker.com
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/.12. Datashee! Flow Rate Sensar

Der Flowmeter FHKU-LCD ist ein universell
ainseizbores  Durchflussmessgerdfe, je  nach
Disengrasse konn individuell der Messbersich
bestimmt  werden.  Gewdhrleistet  genoueste
Flussigkeitsmengen-Messungen.  Hervorrogend
gesignet zur (berwachung von lonenaustouscher

Spetialititen: Verwaltung von Zeif und Dofum,
Iahler gufwarts und Ighler obwirs, History mit
Dofum,  Momentonwert-Anzeige,  Automofische
Impulseichung, Liter wnd foder Daotum-Akom,
Scwiz-Code um unautonsieste Manipulationen 2
verhindem. Stromversorgung dber Lithium Bafterie.

Zulassungen / Normen
EMV-Anforderung:

EN 61326: 1997 +-A1:1998 + A2 2001
(IEC 61326: 2002)

Filterpatronen und zur Aufbereitung von Wsser. Bei ginem Botteriewechsel werden alle Einstellun- oy
gen und Werfe gespeicheri. c G L\%
Material Flowmeter: Technische Daten Flowmeter: Technische Doten Anzeige extern:
Genduse:  PBT 35%GF (Amite) Durchfiussmenge: 3 - 30 Vmin Spritzwasserdicht: [P X4
logersiift: ~ Inox 1.4305 (18/8) Messgenouigkeit: ~ +/-2.0% limit-Messung: 199999 Liter
O-Ring: VO (Silkan) Repefition: <+/-0.25% mpulse/lifer: ~ 1- 65000
Turbine: PYDF Temperadurbereich: g;(Fb-hs J]r i‘l[}]:;: Stafischer Speicher: 5 letzten Nullstellungen
15
Mognate- Keramik 5r Fe O Dnckbeich 10 bar bei 20°C Anzeige: 5 Stellen
i i TUCKDECN: I Del
(ediom berihrend) 145 psi /68°F Tl s 0 bis 99999 Lt
Schroube: PT-Schroube ) . mit oder ohne Limit
(Phillips Kreuzschlirz) Einbavlage: Horizontal empfahlen Abwar's von 99999
Kabel 15 Meter, PVC2x025mme Disengiisen: 0100 mm bis 9599 Lix
Momentonwert: /min
Rotterie: Lithium CR 2032
Anzeigegehuse:  FPolycorbonat
Abmessungen in mm:
]
o | 11
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