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Abstract

In this bachelor thesis we focus on how to controlling different
machines that would be used in the Bio-gas production processes. By
useing the Labview program, we can do controlling, detecting, data
storing and other jobs all together.
The whole project is just a blueprint for the following work, as for

there are too many components and units that we haven't seen yet. What
we have done is to design a program that could be used in reality base
on the principle of the whole bio-gas producing processes. Actually we
did a quite good job on designing the limited machines that we have in
hand, like the Pt-100 unit and the circulation pump are working as well
as we had imagined.
Hopefully, this thesis and the program I designed can give a direction
for the following work on the project, and the most important
part--temperature checking and controlling can work well in reality as
we expected.
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Abstract

In this bachelor thesis we focus on how to controlling different machines that would be used in
the Bio-gas production processes. By useing the Labview program, we can do controlling,
detecting, data storing and other jobs all together.
The whole project is just a blueprint for the following work, as for there are too many

components and units that we haven't seen yet. What we have done is to design a program that
could be used in reality base on the principle of the whole bio-gas producing processes. Actually
we did a quite good job on designing the limited machines that we have in hand, like the Pt-100
unit and the circulation pump are working as well as we had imagined.
Hopefully, this thesis and the program I designed can give a direction for the following work on
the project, and the most important part--temperature checking and controlling can work well in
reality as we expected.

Keywords

Bio-gas reactor, USB-6009, Pt-100,

1111 IntroductionIntroductionIntroductionIntroduction

1.11.11.11.1 BackgroundBackgroundBackgroundBackground

Biogas typically refers to a gas produced by the biological breakdown of organic matter in the
absence of oxygen, which is a type of biofuel.
A simplified generic chemical equation for the producing of biofuel is as follows:

The main reaction in the biogas production is anaerobic digestion; it is the process of
decomposition of organic matter by a microbial consortium in an oxygen-free. A number of
microorganisms are involved in the process of anaerobic digestion. And different species of
bacteria are only able to survive at different temperature ranges. In order to keep suitable bacteria
alive and produce certain amount of biogas, optima temperature for the reaction is between 35 0C
to 55 0C.
By mixing anaerobic digesters can ensure efficient transfer of organic material for the active

microbial biomass, and releasing gas bubbles trapped in the medium and to prevent sedimentation
of denser particulate material. Normally mixing continuously is not necessary, intermittent mixing
several times a day or several times an hour or partly mixing are in need. It is still hard to say if
excessive mixing having a negative effect.

http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/Organic_matter
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Biofuel


6

1.21.21.21.2 PurposePurposePurposePurpose

In order to prove the effects of partly mixing is worse than excessive mixing in bio-gas
production process; the Linneusuniversity bio-energy department designed a experiment. It
contains the measurement of the turnouts of two different ways of mixing anaerobic digesters
under same condition to certify the guessing.
The purpose of my work is to design a suitable electrical system with given mechanical

materials to achieve measuring and controlling several key aspects in the whole process according
to the requirements.

1.31.31.31.3 ObjectivesObjectivesObjectivesObjectives

1. Be familiar with most of the functions and the use of Labview.
2. Find a suitable way and materials to measure temperature in a relative accurate way.
3. Design circuits to provide power and control all given machines.
4. Considering about the possible future work and provide some suitable methods for linking the
machines that haven't arrived yet.

5. Fix all the components into the two containers

2222 OverviewOverviewOverviewOverview

2.12.12.12.1 ReactorReactorReactorReactor sketchessketchessketchessketches

The following figures are sketched to imitate the two containers and all the machines that are
supposed to be used in the experiment.
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2.1.12.1.12.1.12.1.1 ReactorReactorReactorReactor IIII

Fig.Fig.Fig.Fig. 1111 ReactorReactorReactorReactor IIII
Instruments list:
A gas valve
B substrate feeder
C agitator
E1 24 V motor heat pump
Pt1 temperature sensor 1
Pt2 temperature sensor 2
F Mass flow meter RS232 Alicat Scientific M-500SCCM-D/5V GAS:AIR
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2.1.22.1.22.1.22.1.2 ReactorReactorReactorReactor ПППП

Fig.Fig.Fig.Fig. 2222 ReactorReactorReactorReactor ПППП
Instruments list:
A gas valve
B substrate level
D circulation pump
E 24 V motor for heat pump
Pt1 temperature sensor 1
Pt2 temperature sensor 2
F Mass flow meter RS232 Alicat Scientific M-500SCCM-D/5V GAS:AIR
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2.22.22.22.2 AnaerobicAnaerobicAnaerobicAnaerobic digestersdigestersdigestersdigesters mixingmixingmixingmixing

1. Circulation pump: for partly mixing, as it is located at the bottom of the container A. Would be
on with a relative low frequency always, or only several times a day.
2. Agitator: for excessive mixing, a mixer and a motor and motor control together would be linked
together, and keep on working all the time.

2.32.32.32.3 TemperatureTemperatureTemperatureTemperature checkingcheckingcheckingchecking andandandand adjustingadjustingadjustingadjusting

From the information we get from the background part, optima temperature for the bio-gas
reaction is between 35 °C to 55 °C.
So the temperature in the containers is the key point.
First, we need a way to check the temperature, after checked lots of information, the PT-100 is

assumed to be a suitable instrument, for it is sensitivity and stability.
Then in order to keep the temperature stable in case the environment temperature is too high or

too low, the two basic hot water pumps are used. While the temperature is out of the limitation the
pumps would begin (or stop) to work automatically, in which way the temperature would keep in a
certain range.

2.42.42.42.4 productproductproductproduct checkingcheckingcheckingchecking

Mass flow meter RS232:for checking the pressure and the flow speed of the produced gas, can
easily get the amount of gas that flows out after simple calculations.
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3333 InstrumentsInstrumentsInstrumentsInstruments andandandand functionfunctionfunctionfunction realizationrealizationrealizationrealization

3.13.13.13.1 BrieflyBrieflyBrieflyBriefly introductionintroductionintroductionintroduction ofofofof LabViewLabViewLabViewLabView

Programmers develop software applications every day in order to increase efficiency and
productivity in various situations. LabVIEW, as a programming language, is a powerful tool that
can be used to help achieve these goals. LabVIEW (Laboratory Virtual Instrument Engineering
Workbench) is a graphically-based programming language developed by National Instruments. Its
graphical nature makes it ideal for test and measurement (T&M), automation, instrument control,
data acquisition, and data analysis applications. This results in significant productivity
improvements overconventional programming languages.
Simply put a Virtual Instrument (VI) is a LabVIEW programming element. AVI consists of a

front panel, block diagram, and an icon that represents the program. The front panel is used to
display controls and indicators for the user, while the block diagram contains the code for the VI.
The icon, which is a visual representation of the VI, has connectors for program inputs and
outputs.

3.1.23.1.23.1.23.1.2 TheTheTheThe frontfrontfrontfront panelpanelpanelpanel

When a blank VI is opened, an untitled front panel window appears. This window displays the
front panel and is one of the two LabVIEW windows used to build a VI. The front panel is the
window through which the user interacts with the program. The input data to the executing
program is fed through the front panel and the output can also be viewed on the front panel,
thus making it indispensable.

Fig.Fig.Fig.Fig. 3333 LabviewLabviewLabviewLabview frontfrontfrontfront panelpanelpanelpanel
Right click on the front panel, the controls menu come out, as shown in the Fig. 3,lots of

functions could be reached here.
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3.1.33.1.33.1.33.1.3 TheTheTheThe blockblockblockblock diagramdiagramdiagramdiagram

The block diagram window holds the graphical source code of a LabVIEW's block diagram
corresponds to the lines of text found in a more conventional language like C or BASIC –it is
the actual executable code. The block diagram can be constructed with the basic blocks such as:
terminals, nodes, and wires. After the front panel is built, the user can add code using graphical
representations of functions to control the front panel objects. The block diagram contains this
graphical source code. Front panel objects appear as terminals, on the block diagram. Block
diagram objects include terminals, subVIs, functions, constants, structures, and wires, which
transfer data among other block diagram objects.

Fig.Fig.Fig.Fig. 4444 LabviewLabviewLabviewLabview blockblockblockblock diagramdiagramdiagramdiagram

3.23.23.23.2 MainMainMainMain instrumentinstrumentinstrumentinstrument USB-6009USB-6009USB-6009USB-6009

The main instrument that is used in the project is the National Instruments USB-6009.it is a
low-cost, multifunction data acquisition device (DAQ). It has 8 analog inputs, 2 analog outputs,
and 12 digital input/outputs. The digital channels are divided into two ports. When one or more
channels on each port is set to either input or output, the port is locked into that particular mode.
The USB-6009 uses the NI-DAQmx driver software and is compatible with LabVIEW.

http://en.wikipedia.org/wiki/National_Instruments
http://en.wikipedia.org/wiki/Data_acquisition
http://en.wikipedia.org/wiki/Computer_port_(hardware)
http://en.wikipedia.org/wiki/Device_driver
http://en.wikipedia.org/wiki/LabVIEW
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Fig.Fig.Fig.Fig. 5 USB-6008/6009USB-6008/6009USB-6008/6009USB-6008/6009

Fig.Fig.Fig.Fig. 6666 USB-6008/6009USB-6008/6009USB-6008/6009USB-6008/6009 BackBackBackBack ViewViewViewView

3.2.13.2.13.2.13.2.1 HardwareHardwareHardwareHardware

The following block diagram shows key functional components of the USB-6009.

Fig.Fig.Fig.Fig. 7777 DeviceDeviceDeviceDevice BlockBlockBlockBlock DiagramDiagramDiagramDiagram
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3.2.23.2.23.2.23.2.2 I/OI/OI/OI/O ConnectorConnectorConnectorConnector

The USB-6009 ships with one detachable screw terminal block for analog signals and one
detachable screw terminal block for digital signals.
These terminal blocks provide 16 connections that use 16 AWG to 28 AWG wire.
Table 1 lists the analog terminal assignments, and Table 2 lists the digital terminal assignments.

TableTableTableTable 1111.... AnalogAnalogAnalogAnalog TerminalTerminalTerminalTerminalAssignmentsAssignmentsAssignmentsAssignments

TableTableTableTable 2.2.2.2. DigitalDigitalDigitalDigital TerminalTerminalTerminalTerminalAssignmentsAssignmentsAssignmentsAssignments

More details about the DAQ unit could be fount in the attachment.
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3.2.33.2.33.2.33.2.3 CommunicationCommunicationCommunicationCommunication betweenbetweenbetweenbetween thethethethe computercomputercomputercomputer andandandand thethethethe DAQDAQDAQDAQ boardboardboardboard

Fig.Fig.Fig.Fig. 8888 AAAAgeneralgeneralgeneralgeneral PC-basedPC-basedPC-basedPC-based DAQDAQDAQDAQ systemsystemsystemsystem withwithwithwith signalsignalsignalsignal conditioningconditioningconditioningconditioning
The DAQ-6009 board is linked to computer by a USB cable, which is quite convenient to use.

3.33.33.33.3 TableTableTableTable forforforfor allallallall inputsinputsinputsinputs andandandand outputsoutputsoutputsoutputs

As we can see from above, as USB-6009 could do both input and output,the maxim output
could even reach 5V, while used together with Labview program, most of the instruments could be
controlled by computer and most of the data detecting and storing jobs could be done by computer,
too.
Based on this theory, we classify all the other instruments depending on whether it would be

controlled by computer directly or in need of independent connecting methods. Meanwhile, the
ones that should be linked to USB-6009 could be cataloged by whether they are linked through
input or output ports.
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3.3.13.3.13.3.13.3.1 ReactorReactorReactorReactor I,I,I,I, withwithwithwith agitatoragitatoragitatoragitator

InputInputInputInput function type connection terminal comment
A1 gas valve on/off DI:1.0 25
B1 substrate level analog AI:6 9,7 RSE
C1 agitator on/off DI:1.2 27
(D1)
E1 24 V motor for heat pump on/off DI:1.3 28
Pt1 temperature sensor 1 analog AI:0 2,3 Pt 100, RSE
Pt2 temperature sensor 2 analog AI1 5,6 Pt 100, RSE
F1 Mass flow meter RS232 Alicat Scientific M-500SCCM-D/5V GAS:AIR

-“- analog AI:2 8,7 RSE
OutputOutputOutputOutput
A2 gas valve on/off DO:0.1 18
B2 substrate feeder on/off DO:0.2 19
C2 agitator on/off DO:0.3 20
(D2)
E2 24 V motor heat pump on/off DO:0.0 17

Alarm pressure high/low on FP
Alarm temperature high/low on FP
Sum alarm high/low DO:0.4 21

+ data logging
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3.3.23.3.23.3.23.3.2 ReactorReactorReactorReactor II,II,II,II, withwithwithwith circulationcirculationcirculationcirculation pumppumppumppump

InputInputInputInput function type connection terminal comment
A2 gas valve on/off DI:1.0 25
B2 substrate level analog AI:6 9,7
(C2)
D2 cirkulation pump on/off DI:1.1 26
E2 24 V motor for heat pump on/off DI:1.3 28
Pt1 temperature sensor 1 analog AI0 2,3 Pt 100 sensor
Pt2 temperature sensor 2 analog AI1 5,6 Pt 100 sensor
F1 Mass flow meter RS232 Alicat Scientific M-500SCCM-D/5V GAS:AIR

-“- analog AI3 9,7
OutputOutputOutputOutput
A1 gas valve l on/off DO.1 18
B1 substrate feeder on/off DO.2 19
(C1)
D1 circulation pump on/off DO.4 21
E1 24 V motor heat pump on/off DO.0 17

Alarm pressure high/low DO.5 22
Alarm temperature high/low DO.6 23

Sum alarm high/low DO.7 21
+ data logging
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3.3.33.3.33.3.33.3.3 Summary:Summary:Summary:Summary:

GasGasGasGas valvevalvevalvevalve
A1A1A1A1 logic input signal from sensor on DI:1.0, 0 V if valve is closed 5 V if valve is opened
A2A2A2A2 switch on FP makes output voltage on DO:0.1 to 0 V = close or +5 V = open

SubstrateSubstrateSubstrateSubstrate feederfeederfeederfeeder
B1B1B1B1 analog input signal from sensor on AI:6, 0 - 5 V gives the substrate volume
B2B2B2B2 switch on FP makes output voltage on DO:0.2 to 0 V = close or +5 V = open

Agitator,Agitator,Agitator,Agitator, onlyonlyonlyonly inininin reactorreactorreactorreactor IIII
C1C1C1C1 input signal on DI:1.2, 0 V if the agitator is to stopped or 5 V if it is running
C2C2C2C2 switch on FP makes output voltage on DO:0.3 to 0 V = stop or +5 V = run

CirculationCirculationCirculationCirculation pump,pump,pump,pump, onlyonlyonlyonly inininin reactorreactorreactorreactor IIIIIIII
D1D1D1D1 input signal on DI:1.1, 0 V if the pump is stopped or 5 V if it is running
D2D2D2D2 switch on FP makes output voltage on DO:0.4 to 0 V = stop or +5 V = run

24242424 VVVVmotormotormotormotor pumpumpumpump
E1E1E1E1 input signal on DI:1.3, 0 V if the pump is stopped or 5 V if it is running
E2E2E2E2 switch on FP makes output voltage on DO:0.0 to 0 V = stop or +5 V = run

PtPtPtPt 100100100100 differential analog inputs on AI:0 for Pt1 and AI:1 for Pt2
AlarmAlarmAlarmAlarm outgoing sum alarm on DO:5 the others are on the FP
FPFPFPFP = Front Panel



18

3.43.43.43.4 InputsInputsInputsInputs

3.4.13.4.13.4.13.4.1 TemperatureTemperatureTemperatureTemperature measuringmeasuringmeasuringmeasuring withwithwithwith Pt-100Pt-100Pt-100Pt-100

As mentioned above, the temperature in the containers is the key point. We don't need the result
to be too accurate, but the element is supposed to be sensitive enough to detect the waving of
temperature immediately,

aaaa.... ElementElementElementElement introductionintroductionintroductionintroduction

PT-100 is a kind of Resistance thermometers, also called resistance temperature detectors or
resistive thermal devices (RTDs), are temperature sensors that exploit the predictable change in
electrical resistance of some materials with changing temperature. As they are almost invariably
made of platinum, they are often called platinum resistance thermometers (PRTs).Commercial
platinum grades are produced which exhibit a change of resistance of 0.385 ohms/°C (European
Fundamental Interval) The sensor is usually made to have a resistance of 100Ω at 0 °C.
The principle of operation is to measure the resistance of a platinum element. The most

common type (Pt100) has a resistance of 100 ohms at 0 °C and 138.4 ohms at 100 °C.
The relationship between temperature and resistance is approximately linear over a small

temperature range: for example, if you assume that it is linear over the 0 to 100 °C range, the error
at 50 °C is 0.4 °C. For precision measurement, it is necessary to linearise the resistance to give an
accurate temperature. The most recent definition of the relationship between resistance and
temperature is International Temperature Standard 90 (ITS-90).

Fig.Fig.Fig.Fig. 9999 Pt-100Pt-100Pt-100Pt-100

This linearisation is done automatically, in software, when using Pico signal conditioners. The
linearisation equation is:
Rt = R0 * (1 + A* t + B*t2 + C*(t-100)* t3)
Where:
Rt is the resistance at temperature t, R0 is the resistance at 0 °C, and
A= 3.9083 E-3, B = -5.775 E-7, C = -4.183 E -12 (below 0 °C), or C = 0 (above 0 °C)

http://en.wikipedia.org/wiki/Temperature
http://en.wikipedia.org/wiki/Sensor
http://en.wikipedia.org/wiki/Electrical_resistance
http://en.wikipedia.org/wiki/Platinum
http://en.wikipedia.org/wiki/Ohm_(unit)
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For a Pt100 sensor, a 1 °C temperature change will cause a 0.384 ohm change in resistance, so
even a small error in measurement of the resistance (for example, the resistance of the wires
leading to the sensor) can cause a large error in the measurement of the temperature. For precision
work, sensors have four wires- two to carry the sense current, and two to measure the voltage
across the sensor element. It is also possible to obtain three-wire sensors, although these operate
on the (not necessarily valid) assumption that the resistance of each of the three wires is the same.
As the temperature we are going to detect are mainly around 30-60 0°C, so we list out the

resistance values for various from 0-70 degree of Resistance thermometers.
TabTabTabTablelelele.... 3333 Pt-100Pt-100Pt-100Pt-100 resistanceresistanceresistanceresistance betweenbetweenbetweenbetween 0-750-750-750-75 0000CCCC

Temperature in 0C Pt100 in Ω

0 101.95
10 103.90
15 105.85
20 107.79
25 109.73
30 111.67
35 113.61
40 115.54
45 117.47
50 119.40
55 121.32
60 123.24
65 125.16
70 127.07
75 128.98

bbbb.... functionfunctionfunctionfunction realizationrealizationrealizationrealization processprocessprocessprocess

We began with the basic circulate we can think about and will try to improve the plan according
to the results in the following processes.
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Fig.Fig.Fig.Fig. 10101010 originaloriginaloriginaloriginal circuitcircuitcircuitcircuit designdesigndesigndesign
As shown in Fig.12, if we put the Pt-100 together with a constant resistance R=100Ω to the 5V

output in the series circuit, then we can easily get the voltage of Pt-100 in the circulate from the
Ai0+ port,

Rx is the increased value of Pt-100 resistance.
The way to get voltage value is seted, then we need to show the result out directly as a

temperature value, so we program in LabView front panel as below:

Fig.Fig.Fig.Fig. 11111111 originaloriginaloriginaloriginal testtesttesttest resultresultresultresult
The thermometer is to imitate the real image of thermometer; the graph is used to show the

trend of the data. And the table is for showing the exact numbers of the data.
Then we design the block diagram as shown in Fig, 14:
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Fig.Fig.Fig.Fig. 12121212 originaloriginaloriginaloriginal LabviewLabviewLabviewLabview VIVIVIVI programprogramprogramprogram

We obtain the voltage data from the DAQ assistance (Fig. 15), after the calculation in the
formula (Fig. 16), we put all the data out through different ways, as shown above. The
thermometer (Fig. 17), the wave graph (Fig. 18) and the table (Fig. 19), are all linked to the same
output directly from the formula.

Fig.Fig.Fig.Fig. 13131313aaaa Fig.Fig.Fig.Fig. 13b13b13b13b Fig.Fig.Fig.Fig. 13c13c13c13c Fig.Fig.Fig.Fig. 13d13d13d13d Fig.Fig.Fig.Fig. 13e13e13e13e

With the method above we can convert the voltage results into temperature results, but the big
problem is, the data is quite unstable all the time, the actual temperature was 12°C, except for the
average values are is lower than the real temperature, the measurement errors can sometimes reach
up to 10%, as we can see from Fig. 20.
If we check the output of the USB-6009 from the QAD assistant property panel as shown in the

Fig. 14, we find that the errors of measurement is coursed by the instability of the output.
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Fig.Fig.Fig.Fig. 14141414 DAQDAQDAQDAQ assistantassistantassistantassistant outputoutputoutputoutput graphgraphgraphgraph

In this case, we need to find a way to limit the errors, as for capacitors can be used as a
low-pass filter, and the higher frequency wave could be eliminate, some different capacitors are
added in, and linked in the circuit as shown in Fig. 22. Then we can see the affections or
influences of the electrical filter from the result.

Fig.Fig.Fig.Fig. 15151515 improvedimprovedimprovedimproved circuitcircuitcircuitcircuit
In this method, the way we check the voltage is not changed, the only difference is we add in a

capacitor parallel to the Pt-100. And the way we program in the Labview remains the same. The
result is as shown below in Fig. 16

Fig.Fig.Fig.Fig. 16161616 testtesttesttest resultsresultsresultsresults afterafterafterafter improvementimprovementimprovementimprovement
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The actual temperature was 310C. But as we can see from the table, the method is not quite
successful, the same problem still exists. Theoretically it could still be promoted.
First, as the main reason cause the measurement errors is the instability of the output, and

actually the instability of the output is coursed by the mechanical limitations of the structure of the
DAQ board or the electric noise from the DAQ circulates, then it is hard not to think about what
would happen if we link the +2.5V output in an opposite way to the +5V output, in this way the
electric noises could be offseted. According to this thought the new circulate is shown as below:

Fig.Fig.Fig.Fig. 17171717 finalfinalfinalfinal circuitcircuitcircuitcircuit
Then, the program is a little bit too simple, with the powerful functions of Labview, the basic

thing we can do is to add something in the program to improve the received data.

Fig.Fig.Fig.Fig. 18181818
So we add in a filter (Fig. 18), the property setting is seted as showing below(Fig. 19),
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Fig.Fig.Fig.Fig. 19191919
In this case hopefully we can expect a better effect than a real capacitor filter in the outer

circuit.
Then we added in the properties of the average (Fig. 20), as the range of the output voltage is

waving around the same lever, after calculate the average value of the results the waving could be
limited better.

Fig.Fig.Fig.Fig. 20202020
As for the DAQ board and the cables that for linking the components all has some resistance, in

order to reach a more accurate result, we did lots of experiments to correct the value of the
variable resistance and the formula (Fig. 21), at last the final formula we seted was
(X1/4.0)*1000 in the property. As for every 1V change in the input voltage we get corresponding
to approximately 0.004 centi-degree. X1 is the changed voltage we get after the filter and the
average processing.

Fig.Fig.Fig.Fig. 21212121
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Considering about the temperature varies almost between 35-55 0C,so we set the checking base
point at 45 0C, where the Pt-100 resistance is 117.47Ω, after experiment correction we set the
variable resistance 124.4Ω to balance the resistance of the Pt-100 plus the DAQ board resistance
and the linking cable resistance. In this case the formula turned to be (X1/4.0)*1000+45

The Labview program is shown as below (Fig. 22):

`

Fig.Fig.Fig.Fig. 22222222 LabviewLabviewLabviewLabview programprogramprogramprogram forforforfor temperaturetemperaturetemperaturetemperature checkingcheckingcheckingchecking
Further more, the data vary a lot in short time but remains relatively stable in longer period. As

we can see, we can set an time delay there, take the measurement once 30 seconds. And can
choose to show the number just on precision after point.

Fig.Fig.Fig.Fig. 23232323 finalfinalfinalfinal testtesttesttest resultsresultsresultsresults
Although the results are not as good as expected, but it is quite improved than before, we can set

it as the final plan.
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c.c.c.c. ReliabilityReliabilityReliabilityReliability andandandand CriticCriticCriticCritic

The final results are basically very close to the real temperature all the time, but unfortunately
some data waving could not be eliminated.
1. As for Pt-100 every 1 °C temperature change will cause a 0.384 ohm change in resistance, but
the output voltage of the DAQ board is very low, so the voltage change would be too small for
detecting. What's more the DAQ board is not that sensitive for the voltage range, so it is hard to
get a accurate result.
2. The output of the DAQ board is quite unstable, which might be caused by the structure of the
inner electrical circulate; in this case it is very hard to limit this variation.
3. Including the DAQ board and the variable resistance we use and the cables that for linking the
components all has some resistance, under this condition the 1 °C temperature change will cause a
0.384 ohm would not be the reality any more, so while we calculate the final results the formula
we use might not be that accurate, in which case the final results are affected.

3.4.23.4.23.4.23.4.2 SubstrateSubstrateSubstrateSubstrate levelevelevelevellll

a.a.a.a. ElementElementElementElement introductionintroductionintroductionintroduction

As the instrument hasn't arrived yet, so we can't tell more details than this element is for
measuring the amount of substrate in the container, we assume in advance that we will get the
voltage value directly from the QAD board.

b.b.b.b. functionfunctionfunctionfunction realizationrealizationrealizationrealization processprocessprocessprocess

We just set a signal acquirement, and set a tank which could be used for showing the amount of
the substrate that left. The program in block diagram is as showing below.

Fig.Fig.Fig.Fig. 24242424 LabviewLabviewLabviewLabview programprogramprogramprogram forforforfor substratesubstratesubstratesubstrate levellevellevellevel
The signal type is seted as an analog input.

c.c.c.c. ReliabilityReliabilityReliabilityReliability andandandand CriticCriticCriticCritic

If in need, it is possible to add in a formula to turn the voltage value to length value, as we
haven't see the real instrument we can't set the formula right now.
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3.4.33.4.33.4.33.4.3 GasGasGasGas valvevalvevalvevalve (close/open(close/open(close/open(close/open checking)checking)checking)checking)

a.a.a.a. ElementElementElementElement introductionintroductionintroductionintroduction

We haven't seen the real element so far, in imagination this main part of the machine is
supposed to be a electrical switch that control the output of the bio-gas.

b.b.b.b. FFFFunctionunctionunctionunction realizationrealizationrealizationrealization processprocessprocessprocess

Can check the voltage from the digital input port, and showing the operation mode by a LED
state light on front panel.

Fig.Fig.Fig.Fig. 25252525 LabviewLabviewLabviewLabview programprogramprogramprogram forforforfor gasgasgasgas valvevalvevalvevalveworkingworkingworkingworking statuestatuestatuestatue checkingcheckingcheckingchecking

c.c.c.c. ReliabilityReliabilityReliabilityReliability andandandand CriticCriticCriticCritic

There might be some problems with the input part in reality, but can add in certain converters to
make the input work.

3.4.43.4.43.4.43.4.4 24V24V24V24Vmotormotormotormotor forforforfor heatheatheatheat pumppumppumppump ((((workingworkingworkingworking statuestatuestatuestatue checking)checking)checking)checking)

a.a.a.a. ElementElementElementElement introductionintroductionintroductionintroduction

We haven't seen the real element so far, but absolutely, these are water pumps for pumping hot
water into the pipes that are around the containers to heat up the reaction environment.

b.b.b.b. FunctionFunctionFunctionFunction realizationrealizationrealizationrealization processprocessprocessprocess

To checking the working state, the program is almost the same to the gas valve(close/open
checking).
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Fig.Fig.Fig.Fig. 26262626 LabviewLabviewLabviewLabview programprogramprogramprogram forforforfor heatingheatingheatingheating pumppumppumppump workingworkingworkingworking statuestatuestatuestatue checkingcheckingcheckingchecking

c.c.c.c. ReliabilityReliabilityReliabilityReliability andandandand CriticCriticCriticCritic

There might be some problems with the input part in reality, but can add in certain converters to
make the input work.

3.4.53.4.53.4.53.4.5 AgitatorAgitatorAgitatorAgitator (working(working(working(working statuestatuestatuestatue checking)checking)checking)checking)

The program for checking the working statue is the same to the gas valve checking, the program
is showing as below.

Fig.Fig.Fig.Fig. 27272727 LabviewLabviewLabviewLabview programprogramprogramprogram forforforforAgitatorAgitatorAgitatorAgitator workingworkingworkingworking statuestatuestatuestatue checkingcheckingcheckingchecking
If the agitator is working the light would be on, and vice versa.
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3.4.63.4.63.4.63.4.6 MassMassMassMass flowflowflowflow metermetermetermeter (working(working(working(working statuestatuestatuestatue checking)checking)checking)checking)

a.a.a.a. ElementElementElementElement introductionintroductionintroductionintroduction

Fig.Fig.Fig.Fig. 28282828 massmassmassmass flowflowflowflow metermetermetermeter

The instrument was selected long time ago, but so far we haven't get the cable that is supposed
to link the element to the computer, as far as we know, there is a special program for the machine
to operate this machine which could not be decoded. So we can't show the result on the front panel,
but it is possible to show the working statue.

b.b.b.b. FunctionFunctionFunctionFunction realizationrealizationrealizationrealization processprocessprocessprocess

The program for checking the working statue is the same to the gas valve checking, the program
is showing as below (Fig. 29).

Fig.Fig.Fig.Fig. 29292929 LabviewLabviewLabviewLabview programprogramprogramprogram forforforfor massmassmassmass flowflowflowflow metermetermetermeter workingworkingworkingworking statuestatuestatuestatue checkingcheckingcheckingchecking

If the flow meter is working well the light would be on, and vice versa.
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c.c.c.c. ReliabilityReliabilityReliabilityReliability andandandand CriticCriticCriticCritic

We cannot tell what would happen in reality, after checking the element, we find this unit is very
well made and might be quite hard to make an extra output from the output port of the unit. So this
statue checking might turned out to be useless.

3.53.53.53.5 outputsoutputsoutputsoutputs

3.5.13.5.13.5.13.5.1 AgitatorAgitatorAgitatorAgitator (working(working(working(working processprocessprocessprocess controlling)controlling)controlling)controlling)

a.a.a.a. ElementElementElementElement introductionintroductionintroductionintroduction

The agitator is made up of a motor, a motor controller and a mixer which is sticked into the
anaerobic digesters. By controlling the motor controller, we can change the frequency and the
turning period of the mixer.

b.b.b.b. FunctionFunctionFunctionFunction realizationrealizationrealizationrealization processprocessprocessprocess

We need to control the frequency and the time of the mixing process; meanwhile, need the
process keep on looping all the time. In this case we seted a series of flat loops (as shown in Fig.
36), and then program in these series loops.
The frequency of the agitator is decided by the input voltage of the motor controller. So directly

change the output voltage of the DAQ-board can alter the mixing frequency. So, obviously we
should set output from the DAQ-board. As in the flat loops we can set the out put all from the
same port, then we can achieve to change to output voltage in a frequency in a loop. As the
bio-energy department want to make the output changeable, we set a numerical controller in front
of each DAQ assistance output. Only change the number on the front panel can change the output
voltage.
At the same time, considering about the lasting time for each output, we set time delays in each

loop. Possibly, they would feel like varying the working time in each working stage, we set
numerical controllers in front of every "time delay" vi,too.
As could be seen from the Fig.31, both the working times and the outputs are variable.
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t

Fig.Fig.Fig.Fig. 30303030 LabviewLabviewLabviewLabview programprogramprogramprogram forforforfor thethethetheAgitatorAgitatorAgitatorAgitator workingworkingworkingworking processprocessprocessprocess controllingcontrollingcontrollingcontrolling

Fig.Fig.Fig.Fig. 31313131 frontfrontfrontfront panelpanelpanelpanel forforforfor thethethetheAgitatorAgitatorAgitatorAgitator workingworkingworkingworking processprocessprocessprocess controllingcontrollingcontrollingcontrolling

c.c.c.c. ReliabilityReliabilityReliabilityReliability andandandand CriticCriticCriticCritic

As the output of the DAQ-board is quite low (5V maximum), but the motor controller can
manage to work under 10V input, so the mixer could never work with full speed, which might be a
problem for the mixing processing, as it might need higher frequencies to provide a better
circumstance for the ferment process.
But anyway, it is possible to add in some amplifiers in the outer electric circuit to obtain a

higher input to the controller.

3.5.23.5.23.5.23.5.2 GasGasGasGas valvevalvevalvevalve ((((on/offon/offon/offon/off switching)switching)switching)switching)

a.a.a.a.ElementElementElementElement introductionintroductionintroductionintroduction

We haven't seen the real element so far, in imagination this main part of the machine is supposed
to be a electrical switch that control the output of the bio-gas.
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b.b.b.b. FunctionFunctionFunctionFunction realizationrealizationrealizationrealization processprocessprocessprocess

By controlling the on and off the power of this element, we can achieve switching the valve on
or off. Simple change the output voltage of the DAQ card can do, just set a output and a push
button to do the switching job, can turn on or off the electricity easily.

Fig.Fig.Fig.Fig. 32323232 LabviewLabviewLabviewLabview programprogramprogramprogram forforforfor thethethethe GasGasGasGas valvevalvevalvevalve on/offon/offon/offon/off switchingswitchingswitchingswitching

c.c.c.c. ReliabilityReliabilityReliabilityReliability andandandand CriticCriticCriticCritic

Should work on the real unit, but without any real machine, we cannot make any conclusion
now.

3.5.43.5.43.5.43.5.4 CirculationCirculationCirculationCirculation pumppumppumppump (switching(switching(switching(switching on/offon/offon/offon/off andandandand thethethethe outerouterouterouter circuitcircuitcircuitcircuit ))))

a.a.a.a. ElementElementElementElement introductionintroductionintroductionintroduction

Fig.Fig.Fig.Fig. 33333333 VikingVikingVikingViking powerpowerpowerpower 16161616 pumppumppumppump
The Viking Power 16, shown in Fig. 39, is a single diaphragm DC-pump. This pump is the ideal

choice for shower drain, waste water and bilge pumping. Its compact design and flexible
orientation give a very adapt-able mounting and installation in the boat.
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b.b.b.b. FunctionFunctionFunctionFunction realizationrealizationrealizationrealization processprocessprocessprocess

The input power for the pump is too high, as the highest output from the DAQ-board could only
be 5V, so we have to apply another outer power source for the pump and use the DAQ output as
an control source for the pump. Follow this thought we formed an outer circuit as below(F g. 40):

Fig.Fig.Fig.Fig. 34343434 outerouterouterouter circuitcircuitcircuitcircuit forforforfor thethethethe circulationcirculationcirculationcirculation pumppumppumppump
The MOSFET is used as an electrical switch, we link the analog output between the G and S

points, once the voltage raised to 5V, the MOSFET switch would be linked, in this way the motor
could be turned on.
In order to make the switch virtual, we add in a push button on the front panel, line it to the

DAQ output as showing below (Fig. 41).

Fig.Fig.Fig.Fig. 35353535 LabviewLabviewLabviewLabview programprogramprogramprogram forforforfor switchingswitchingswitchingswitching on/offon/offon/offon/off thethethethe CirculationCirculationCirculationCirculation pumppumppumppump

c.c.c.c. ReliabilityReliabilityReliabilityReliability andandandand CriticCriticCriticCritic

The working power of the pump is supposed to be changeable, but somehow we did not make it,
it might be caused by the structure of the MOSFET.
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3.5.3.5.3.5.3.5.5555 SubstrateSubstrateSubstrateSubstrate feederfeederfeederfeeder

a.a.a.a. ElementElementElementElement introductionintroductionintroductionintroduction

We haven't seen the real element so far, but obviously the function of this machine is to add the
substrate to the containers for keeping the reactions working well all the time.

b.b.b.b. FunctionFunctionFunctionFunction realizationrealizationrealizationrealization processprocessprocessprocess

The theory of controlling this element is the same to the gas valve. Just set a output and a push
button to do the switching jorb, can turn on or off the electricity easily
Then we can program on the block diagram as below (Fig. 42):

Fig.Fig.Fig.Fig. 36363636 LabviewLabviewLabviewLabview programprogramprogramprogram forforforfor switchingswitchingswitchingswitching on/offon/offon/offon/off thethethethe substratesubstratesubstratesubstrate feederfeederfeederfeeder

c.c.c.c. ReliabilityReliabilityReliabilityReliability andandandand CriticCriticCriticCritic

Without any real instruments it is hard to say if this would work or not, but at least theoretically
this should do. While doing the actual connecting work some other components could be added in
the out circuit.

3.5.3.5.3.5.3.5.6666 24V24V24V24Vmotormotormotormotor forforforfor heatheatheatheat pumppumppumppump ((((switchingswitchingswitchingswitching on/off)on/off)on/off)on/off)

a.a.a.a. ElementElementElementElement introductionintroductionintroductionintroduction

We haven't seen the real element so far, but absolutely, these are water pumps for pumping hot
water into the pipes that are around the containers
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b.b.b.b. FunctionFunctionFunctionFunction realizationrealizationrealizationrealization processprocessprocessprocess

The heat pump would begin to pump warm water when the temperature in the container is less
than the 35 °C. So as we can see from Fig.43, a configure comparison(in range) is seted, we can
set the limitation at 40, if the temperature we get in the previous process is lower then the
limitation, the DAQ board would give out a voltage to turn the pump up, after the temperature rise
up, the output would be cuted and the pump stop working again.

Fig.Fig.Fig.Fig. 37373737 LabviewLabviewLabviewLabview programprogramprogramprogram forforforfor switchingswitchingswitchingswitching on/offon/offon/offon/off thethethethe heatingheatingheatingheating upupupup pumppumppumppump

c.c.c.c. ReliabilityReliabilityReliabilityReliability andandandand CriticCriticCriticCritic

The containers are located in a close little room, in the hot summer the temperature might
become too high, then the heating pump should be changed into cooling pump. The method is
quite simple: Just change the limit in the property of the configuration comparison, and fill the
pump with cool water instead of warm water.
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4444 ControlControlControlControl ofofofof thethethethe reactorreactorreactorreactor withwithwithwith LabviewLabviewLabviewLabview

4.4.4.4.1111 SignalSignalSignalSignal ProcessingProcessingProcessingProcessing withwithwithwith LabviewLabviewLabviewLabview

Every 30 seconds we check both the temperature of the Anaerobic digesters and the gas(which
are supposed to be very similar value all the time),showing the results on the front panel by both
thermometer and tables, at the same time, according to the requirement of the project, all the that's
would be stored and could be checked later. The longer period of checking temperature can also
minimize the database.
If the checked out temperature is lower than 40 °C, the water heater pump would begin to work,

and heat the containers up, if the temperature is lower than 40 °C, the pump would be stopped.
We set a low temperature alarm light and a high temperature alarm light in the front panel, if the
temperature is lower than 35 °C the low temperature alarm light would light up, if the temperature
is higher than 55 °C the high temperature alarm light would light up.

The mass flow meter have the function of checking the gas flow speed, if the flow speed turns
to be too low, there might be some blockings happening in the gas out port, the mass flow meter
alarm light would light up on the front panel.
At last, we set a sum alarm output for the temperature and the gas flow speed, link the QAD

board to a bell, while the temperature is over the limitation and the gas flow speed becomes too
low, the bell would ring.
For the container 1, the frequency control for the agitator could be changed by changing the

output voltages on the front panel. At the same time, the lasting time of the output could be
changed, too. Depending on the actual condition or requirements can vary the program.
For the container 2, we can turn on or off the circulation pump by pushing a button on the front

panel whenever in need. At the same time we need to check the working condition of the pump, a
table is seted for viewing the result.
About the gas valve and the subtract feeder are designed to be turned on by push the buttons on

the front panel. Then from the input port we can observe the working states of the gas valve
substrate feeder to check if they are on or off.

4.24.24.24.2 TheTheTheThe finalfinalfinalfinal solutionsolutionsolutionsolution

The whole sketch can be found in the attachment.
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5555 ResultResultResultResult andandandand DiscussionDiscussionDiscussionDiscussion

The whole project is just a blueprint for the following work, as for there are too many
components and units that we haven't seen yet. What we can do is to design a program that could
be used in reality base on the principle of the whole bio-gas producing processes. At the meantime
we did a quite good job on designing the limited machines that we have in hand, like the Pt-100
unit and the circulation pump are working well as we had imagined.
Hopefully, this thesis and program can give a direction for the following work on the project, and
the most important part--temperature checking and controlling can work well in reality as we
expected.
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