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1. Introduction

The goal of this internship has been to set up a solar simulation in hardware and
software in the research group "Solarthermie-2000" at the University of Applied
Sciences Offenburg / Germany.

The main intention to set up such a project is to simulate the outdoor light conditions,

not only with one single value at one specific moment but also of a whole day.

The project contains two main areas which have to be developed; hardware and
software. The parts of the hardware are a halogen lamp, simulation box, dimmer for
the lamp, control module, measuring board of National Instruments (PCI 6014 with 16
analoque input and 2 analoque output channels) and a connector block which is
connected to the measuring board and the control module.

The programming task has been writing a program with the aid of LabView 6.1 which

is a graphical programming languag in G. The program contains three different parts:
1. Reading values from an already existing log-file
2. Entering one single value to remote control the halogen lamp

3. Entering various values to remote control the halogen lamp

The following figure 1.1 illustrates the overall project with its all components:

Computer Intermediate System Measurement
Box
Osram
aviu || poteon | 1| essien || stoses | Lomaowa | ] | vloparao
9 Board Block Module Lan'?p

Figure 1.1: Block Diagram Overall Project
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2. Hardware

Different options are possible to set up the hardware which are isted below. Two
criterias have been desicive for the final result; the price and the availibilty of the

various componets.

1. Option: (ca. 1260,- Euro)
- controllable power supply
- lighting devices

- A/D Measuring board of National Instruments

2. Option: (ca. 905,- Euro)
- normal power supply

- power transistor

- lighting devices

- A/D Wandler Measuring board von National Instruments

3. Option: (ca. 1720,- Euro)
- power supply with RS 232 interface

- lighting devices

4. Option: (ca. 1037,- Euro)
- 230V lighting devices

- control module

- dimmer STD 500 MA

- A/D Measuring board of National Instruments

The last option and its components are taken, because a local distributer for
electronic devices were able to deliver the componets very fast and also the price is

quite acceptable.
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2.1 Lighting Devices

The lighting device in option 4 requires a supply voltage of 230 V AC. For solar
simulation, it would be better to use a lighting device which is operated by a DC
voltage thus less ripples are caused on the supply voltage of the lighting device. As
the sensors for measuring the light are too slow, the ripple does not effect any
distortion on the supply voltage of the lighting device.

Furthermore, the lighting device should be very similiar to the real light conditions of
the sun and the lighted area should be constant thus several sensors get the same
amount of light. The so called AM-value (Air Mass) should be 1.5 which emits a light

that is similar to the real sun beam.

Unfortunately, the producers and distributers of lamps do not mention anything about
the irradiance, only about the light intensity which has a minor role for this project.
Because of this missing information, several light devices are tested if they fulfill the

requirements.

Requirements for the lighting device:
1000 watt / meter? at the sensor
a big diameter of the light cone thus two sensors can be placed in it
amount of light should be constant in this area

equidistribution of the light --> no incandescent lamp, but halogen lamp

possibility to dim

Different opportunities for a lighting device:

1. Osram Halopar 30:

Base E27

Halogen Lamp

Rated volts 230 V

Rated wattage in Watts 75 W

Beam angle in degrees 30 °

Luminous intensity in candela 2400 cd

Figure 2.1: Osram Halopar 30
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Average lamp life in hours 2000 h
Operating without any transformator
Opportunity to dim

With cool-beam-reflector for less heat accumulation

2. Philips 13117:

Halogen Lamp for special use in solar simulation

Rated voltage of the lamp is 17 volt
usually operated with 13 lamps in serious connection

using a transformator is nessecary

3. Osram Concentra PAR 38 SP120:
Base E27
Rated volts 240 V
Rated wattage in Watts 120 W

Beam angle in degrees 12 °

Luminous intensity in candela 9300 cd

Operating without any transformator

Opportunity to dim Figure 2.2 Osram Concentra PAR 38

The both Osram lamps are bought but currently only the Osram Halopar 30 is in use
because the other Osram halogen lamp is probably too strong. The most
disadvantage of the Philips halogen lamp is, that the power supply is 17 V. For that
reason, a transformator would have been bought with 17 V at the secondary side

which is not very common.

2.2 Control Module STD-SBS

The control module STD-SBS is used in combination with the dimmer STD-500 MA
of ABB. It allows the controlling of this dimmer with an analogue voltage between 0 V
and 10 V. To use the analogue mode, the pin 6 has to be set to "ON" and the pin 1
has to be set to "OFF" for controlling the dimmer with a voltage and not with a
current.
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Below 10% of the input signal, the device is off, above this edge the device is
increasing the brightness untill it has reached 100% of the brightness.

It is important that the length of the cable between STD-SBS and STD-500 MA is less
than 2 meters. The analogue input of this device is connected to the measuring
board PCI 6014 of National Instruments via the connector block. The control voltage

is offered by the measuring board and the software.

2.3 Dimmer STD-500 MA

The universal power dimmer STD-500 MA are used to dim the light of 230 V halogen
lamps, incandescent lamps and low-voltage halogen lamps. This dimmer can be
controlled with a control module via a data line which is already mentioned above.
This dimmer can be used for lamps with a power up to 500 W or for a current up to
2.17 A

The following figure 2.3 shows the circuit diagram for the STD-SBS controle module
and the STD-500 MA dimmer:

L1
L2
L3

| 0-10V von
-+ PCI 6014

STD-SBS

LN D1 @

STD-500 MA
DLN

Figure 2.3: Circuit Diagram for STD-SBS and STD-500 MA
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2.4 Measuring Board PCI 6014

As only the output channels of the measuring board are important for the use in this
project, it was enough to buy one of the cheapest A/D converter measuring boards of
National Instruments. This PCI card has 16 analogue input channels and only two
analogue outputs which is still enough for the task of this project. Of course, as there
are many other channels available, it is possible to use this card also for other
applications in the near future.

Some problems appeared with the installation of this card. Usually the PCI 6014 is
used in combination with the programming software LabView which is also produced
by National Instruments. If the the user has installed this software before the

measuring board is installed in the computer, problems can appear.

The software of the PCI 6014 contains not only the drivers for the card but also a so
called "Meassurement and Automation Explorer®. With this software, the user can
check the funcionality of the measuring board very easily. The input and the output
channels can be tested with a special test panel on which the user can choose a
voltage to be given to the analogue output of the card.

The following figure 2.4 shows the PClI 6014 measuring board of National

Instruments:

Figure 2.4: PCI 6014 Measuring Board of National Instruments
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2.5 Connector Block CB-68 LPR

The connector block CB-68 LPR is used for connecting the PCl 6014 card with the
STD-SBS controle module. As the connector block has not such a plug as the PCI
6014, it is possible that the cable between the measuring board and the connector
block is attached upside down.

The figure 2.5 illustrates the connector block CB-68 LPR:

Figure 2.5: Connector Block CB-68 LPR of National Instruments

2.6 Measurement Box

This box has been constructed to perform measurements for the solar simulation.
The most important reason to use such a box is, that no other light can irridiate to the
sensors which are placed at the bottom of the box. Otherwise the measurements can
get wrong and no reliable results are possible.

On top of the box, the halogen lamp Osram Halopar 30 is fixed to a socket of type
E27. At the side panel of the box, two fans are mounted to blow fresh air into the
space of the box thus the temperature will not get too high. The fans are protected by
a guard that people cannot hurt their fingers while they are working with the
measurement box. The two fans are operated with 230 V which means that no
transformator has to be used. At the lower part of both side panels, borings with a
diameter of 10 mm are placed in three rows to let the airflow enter the box. The front
panel can be lifted up thus the user can change the place of the sensors or the

distance between sensor and the lamp.
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The complete measurement box will be mounted to the test stand of the research

group "Solarthermie-2000".

The next figures 2.6 and 2.7 show the engineering drawings of the measurement box

from different views:

120
15
000000000000
000000000000
Q00000000000
300 300
Figure 2.6: Side Panel Figure 2.7: Top View
Tobias Kiefer 11
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3. Software

The main part of this project has been to develop a software which fulfills the three
different options which are already mentioned in chapter 1.

The first part of the software should read data from an already existing log file of one
location where a solar panel has been installed. This data should be simulated in a
specific time length. The second part should allow the user to enter a value for the
irradiance which should be simulated. This value is transformed to a voltage which
controls the control module of the hardware part. The tird part of the software is to
enter multiple data, thus a ramp can be simulated. The data will be entered into a
table by the user. Furthermore the user can determine in which period the ramp
should have reached the corner points which has been entered nto the table. The
data of the first and the third part will be illustrated in a curve chart which should help
the user to follow the running software. Furthermore the user is able to change
between several measuring cards and analogue outputs if it is necessary. This can

be done in the part which is called "Analogue Output Control".

The next figure 3.1 shows the front panel of the software with its three different parts,

the curve charts and the analogue output control.

SOLARTHERMIE-2000 Sonnensimulation

£

Analeg Clutput Control Spannungsveriauf Leg-File Spannungsyerfauf Tabells

Coawies .00

L —

Figure 3.1: Front Panel of the Software

Tobias Kiefer 12



Solarthermie-2000 FH Offenburg

3.1 Main Program and SubVis

LabView is a graphical programing language but it has the same structures like
textual programing languages such as C or C++.

In LabView, a main program is writen and it contains several SubVis (sub programs).
Some of this SubVis are just taken from the installed software, other SubVis are
written for the special use of this task.

The complete program contains the following SubVis which are written for the

specific use of this task:

Steuerung_OK _Buttons.vi
Fehlermeldung.vi
SearchAlgorithm.vi
Referenztabelle.vi
Calculation.vi

Calculation_for_Table.vi

Other SubVis are used either. This Vis are taken from the software LabView which

can be found in the section of examples:

AO Harware Config.vi

AO Group Confi.vi

AO Single Update.vi

AO Single Update (scaled array).vi

General Error Handler.vi

For a better understanding of the program and that no errors occur, it is always good
to use sequences for the programing. One sequence comes after each other in the
main program thus the program can follow the right steps. If such sequences are not
used for programing, it is possible that LabView interprets the source code wrong.

LabView reads from left to right and from top to down.

The following figure 3.2 shows the hierachy of the complete program:
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G| Hi-dwr Single calcul,
Gonfta|  |Ganfia|  [lpdatel | S3IC Eor Fehl. oK
e I = B T Table

Single Single Single Habe...

Update Update Update Rat
27~ g™ g Interp

=t

EldHIp Fird
Path IéH Ervar

Figure 3.2: Hiearchy of the program

The uppermost square which is highlighted with red color is the main program. It
contains the SubVis which are mentioned above. These SubVis contain other SubVis

and so on thus a whole structure of sub programs are built.

3.2 Simulating from a Log File / Part 1

The difficultly of this part is that there are 6 different locations, on which solar panels
have been installed. The log files of this locations are different from each other which
means, that the position in the log file where the important data is written, is different.

Furthermore, the SubVis "Search Algorithm" and "Calculation” have to be especially

written for this part of the software.
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3.2.1 Log Files

As mentioned above, six different location have to be considered. In the following

paragraph, one log file is listed to show the structure of such a file.

Log file of Albtherme Waldbronn:

100,2003,183,5,0,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.000
0,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000,0.0000,28.7912,29.7527,25.5454,29.2784,29.2467,29.
6771,36.4259
101,24.7288,51.4930,53.9511,50.9644,51.1176,22.8151,22.7601,24.1940,25.1734,2
4.0445,22.9933,22.6942,21.7267,22.4740,22.4189,22.4962,23.4930,31.6696,12.162
7,14.8521,0.0000,0.0000,0.0000,0.0000,51.8815,0.0000,0.0000,0.0000,0.0000,0.00
00,0.0000,0.0000
102,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.00
00,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.000
0,0.0000,0.0000
110,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.00
00,0.0000,0.0000,28.7435,29.7415,25.5300,29.2606,29.2373,29.6639,36.3414,24.6
968,51.4614,53.7343,50.8977,51.1012,22.7929,22.7389,24.1727,25.1474,24.0236,2
2.9676,22.6747
111,21.7138,22.4589,22.3998,22.4846,23.4635,31.6624,12.1274,14.7893,-0.7719,-
1.4950
120,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.00
00,0.0000,0.0000,28.8806,29.7777,25.5843,29.2890,29.2710,29.7079,36.4758,24.8
073,51.5579,54.0240,50.9864,51.1587,22.8905,22.8006,24.2395,25.2637,24.0930,2
3.0601,22.7338
121,21.7652,22.5128,22.4383,22.5026,23.4995,31.7011,12.2251,14.8844,0.0000,0.
0000
100,2003,183,10,0,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.00
00,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.000
0,0.0000,0.0000,0.0000,0.0000,0.0000,28.8638,29.7749,25.6064,29.2587,29.2670,2
9.7005,36.5015

All log files start with the same numbers at the beginning of the line and the data is
stored comma seperated. But only the lines 100 and 101 have to be considered for
this task.

In line 100, the year, the day of the year and a relative time is mentioned: 2003,183,5
In line 101 are different data available such as temperature and so on. At position 23,
the irradiance can be taken for further calculations in the program. In the case above,
the value is 0.0000 because the measurment started in the night.
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In the next figure 3.3, the selection of the locations is shown. This part of the program

IS in sequence 3 out of 9 which can be seen on top of the frame.

[Part 1 - Einlesen Log-Files]

] n :'.'.‘.=.‘.=.‘.'.‘.'.‘.=.‘.=.‘.'.‘.=.‘.=.‘.'.‘.=.‘.=.‘.=.‘.'.‘.=.‘.=.‘.'.‘.=.‘.=.‘.=.‘.'.‘.=.‘.=.‘.'.‘.=.‘.=.‘.=.‘.'.‘.=.‘.:.‘.'.‘.:.‘.:.‘.'.‘.:.‘.:.‘.:.‘.'.‘.:.‘.:.‘.' =

[Bubvi-Suchalgorithmus|  [SubVI-Referenztabelle] 3

e il

Calc,

SubvI-Berechnung

Figure 3.3: Block Diagram for the Selection of the Site

If the condition of the OK buttons has been right, a boolean value will be transmitted
to the input of the case structure and the part 1 of the program will be performed.
Another case structure inside of the outer case structure is responsible for the actual
selection of the sites. By selecting a site from the front panel, which is shown in figure
3.1, a reference value will be transfered to the case structure. Every site has got its
own value, starting from O to 6, to seperate from each other. The default value "0" is
used to give an error feedback in case the user has not selected any location.

After selecting a location, the position of the important data will be transmitted to the

SubVi "Search Algorithm" thus the data can be taken out of the log file.

The following figure 3.4 Iillustrates which numbers are transmitted to the SubVi

"Search Algorithm™:
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Figure 3.4: Decission of Location

Only the first three cases are shown in the figure above. The position of the data in

the several log files are listed below:

1. Studentendorf Vauban Freiburg (12)
2. Kreiskrankenhaus Mindelheim (17)
3. Hegau Klinikum Singen (14)

4. Stadtklinik Baden-Baden (13)

5. Wilmersdorferstr. Freiburg (17)

6. Albtherme Waldbronn (21)

3.2.2 Search Algorithm

After a location has been selected from the front panel, the user has to start the
program. A window opens to select a the corresponding log file from the location on
the computer. This log file will be read into a for-loop which ends when the log file
has reached its end. In the first for-loop, the program is looking for all the lines which
start with the number "101". As the complete line is in one string, the elements of the
string has to be seperated from each other thus a further working with the data is
possible. The seperated data is written to an array with rows and columns. With the
position index, which is shown in figure 3.4, the program takes only the necessary

data out of the array.

The data are taken one by one out of the array into a for-loop which compares the
current value of the data with a contant value of "0". As the data can get below "0",
for example during the night, it is important to change all negative values to "0". The

revised array of data is available at the end of the upper patrt.
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In the lower part, the same procedure is done for the time. The year, day of year and
the relative time are taken out of the log file and stored into a seperated array from

the actual data (irradiance).

The figure 3.5 below shows the complete SubVi "Search Algorithm” with all its
elements:

[sches romt e T vt A0L | Lichi st Bk | wn das Srince inElrents

[Gh ruacy ey Fiedhe v 1001 ] usturs + Tt |

Figure 3.5: Block Diagram of Search Algorithm

3.2.3 Reference Table

The SubVI "Reference Table" is necessary because the data which is taken out of
the log file is still in the unit of Watt / Meter2. As the halogen lamp is controled by a
reference voltage between 0 V and 10 V, the data of the log file has to be changed to

voltages. This is done by the reference table.

To enter data into the reference table, measurements have to be done with the
halogen lamp. But the maximimun value for the irradiance should not be more than
1300 Watt / Meter2. For that reason the 10 V of the control voltage should cause an

irradiance of about 1300 Watt / Meter2. This can be done by varying the distance
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between the sensor and the halogen lamp. If other halogen lamps are used than the

Osram Halopar 30, the reference table has to be renewed.

The reference table should be entered once by the user, afterwards it should be
defined as constant values thus no changings can be done anymore. Of course, the

more corner points are taken, the less is the error which is caused by the

interpolation and the more exact gets the complete measurement.

The next figure 3.6 illustrates the block diagram of the SubVi Reference Table:

Referenztabells
[pB L ————
fl— & J
B oY G
[— @ S L s
E .
— Rat
Eingang Array Werk in '-.-'-.-'att| Intep

[nusgang Array Wert in Yol

[DEL]K

=

FDEL]

lausgang Single Yalue in Yolt]

I I_: Fat .@I

Intetp

Eingang Single Yalue
[DELE

Figure 3.6: Block Diagram of Reference Table

The reference table is not only used for arrays of data but also for a single value, as it

is used in part 2 of the software. As only corner points for the reference table are
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used, an interpolation has to be done between those points thus an exact changing
from Watt / Meter? to Volt can be done. Both values of the reference table, Watt /
Meterz and Volt, are given to the SubVi "Rat. Interp." via a for-loop. Furthermore, the
data of the array is also given to this SubVi. The SubVi "Rat. Interp." calculates an
approximate value for the control voltage. After all data is changed to voltages, an
array at the right side of the figure 3.6 is available for further use in the program.

The same procedure is done for a single value, just without a for-loop. This changed

value is also available for furher usage.

3.2.4 Calculation

Two different kinds of log files have to be considered as well. Some log files have a
recording time of 5 minutes and some of 30 minutes. This means that either every 5

minute or every 30 minute a measurement data is stored into the log file.

The first two paragraphs show a log file with a measuring time of every 5 minutes.

The position of the time is high lighted by green color.

100,2003,183,5,0,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.000
0,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000,0.0000,28.7912,29.7527

100,2003,183,10,0,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.00
00,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.000
0,0.0000,0.0000,0.0000,0.0000,0.0000,28.8638

The next paragraph shows a log file with a measuring time of every 30 minutes.
In this case an irregularity can be seen. Half hours are represented by thirties and full

hours are represented by hundreds.
100,2003,3,30,0.25,0,0,0,0,0.5,0.5,0,0.5
;(50,2003,3,100,0.25,0,0,0,0,0.5,0.171,0.31,0.168
;(.30,2003,3,130,0.125,0,0,0,0,0.501,0,0.501,0

This fact has to be considered for the further calculations. The following figure 3.7

shows the block diagram of the SubVi "Calculation™:
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ingang Array Jahr, Tag,Zeit

ingang Array Wert in Yol N
¥ @Tv ) fusgang Differenz Arra

[ v

Figure 3.7: Block Diagram of the Calculation

The SubVi takes the time from the 4" and the 5" row of the array. Both values are
subtracted. After this step, the absolute value is taken and compared with the
constant number of "5". If the comparison is "true" the number "10" will be given to
the for-loop. If "false" the number "60" will be given to the for-loop.

The following figure 3.8 illustrates the case "false™:

Figure 3.8: Case "False"

This two factors are used to generate an array of the same size after the interpolation
between log files of 5 minutes recording time and log files of 30 minutes recording
time. This interpolation is done to minimize jumps from one corner point to another
one. The shape of the curve of the data is more smooth than without any
interpolation.

After the new array is created the array can be used for the analogue output where

the voltages are available to be given to the connector block.

The next figure 3.9 shows the output for the part 1lof the software. At this output the

user is able to change the speed of updating the voltages via the front panel.
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Part 1 - Output

pdate Rate in Sekunde
[1324

by Tobias Kiefer
Solarthermie-2000
August 2003

Figure 3.9: Block Diagram of the Output of Part 1

The array is applied to a for-loop which contains a time module and two indicators as
an user feedback which are placed at the front panel. The two indicators are
numerical display and a curve chart. The factor "1000" is used to change the users
input for the update time from seconds to milliseconds which is required for this time
module. The SubVi "Single Update" applies the voltages from the array to the
analogue output of the measuring board, under the consideration of the time.
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3.3 Simulating one specific Value / Part 2

In sequence 4 out of 9, the part 2 of the software is shown. This part is more easy
than the first part because only one single value is changed to a voltage and applied

to the analogue output afterwards.

The following figure 3.10 shows the block diagram for the part 2 of the software:
-I:II:II:IDDDDDEIEIDDDDDDDDDDDDDDD%4[0“91vtI:II:IDDDDDI:II:II:IDDDDDEIEIEIDDDDDEIEID
o RT3

[Part 2 - Eingabe Einzebwert|

atk pro Meker~2

[

[subvI-Referenztabells]

¥

Conkrol 2

[+]
O0O00000000000000000000000000000000000000000000000000000000

Figure 3.10: Block Diagram of part 2

If the condition of the OK buttons is right and the boolean value "true" is applied to
the case structure, the part 2 will be executed. One single value is entered by the
user via the front panel. This value is changed to a voltage by the eference table,
which is explained in chapter 3.2.3. The entered value (irradiation) and the
corresponding voltage are shown via numeric indicators at the front panel.

At the output of the case structure, the current voltage will be applied to the

sequence 7 out of 9.

This sequence is illustrated in the figure 3.11 below:
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'DDDDDDDDDDDDDE|E|E|E|E|E|E|E|E|E|E|E|ﬂ1?[D“g]vtlDDDDDDDDDDDDDDDDDDDDDDDDDD

+ + + +
Part 2 - Cutput 4 4] +] 4]
Eza=) e
I g T . B i
Watk pro Meker ™2 Spannun
|f?'Di .l 2oigtal|  [o.0]
ok B sk Dighium (strict) & {
wep Dighiurn {skric - -
= et T p " Dighium (strict) p
Reinit To DFE
[ @
[+] + [+] [+] +

OO0O00000000000000000000000000000000000000000000000000000000

Figure 3.11: Block Diagram of the Output of Part 2

The value of the voltage is given to the for-loop, as well to the inner case structure. If
the stop button at the front panel is pushed by the user, the numeric displays are
reset to the default value "0" and no voltage is applied to the analogue output.

In case, that the stop button is not pushed by the user, the applied value of the
voltage is straight given to the SubVi "Single Udate" which is responsible for the

voltage output at the measuring board.

The case "False" is illustrated in the next figure 3.12:

Figure 3.12: Case "False" for Stop Button
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3.4 Simulating a Ramp / Part 3

In the 3. part of the software, the user is able to enter several data of irridation into a
table. This can be used for simulating a specific ramp which is not measured by a
log file.

After the check of the OK buttons, the typed data of the table will be changed to
voltages by the reference table and applied to the SubVi "Calculation for Table". The

output of this SubVi is applied to the sequence 8 out of 9.

The next figure 3.13 shows the block diagram of the 3. part of the software:
-E|E|E|I:|E|IT_|E|E|E|E|E|E|E|DDDDDDDDDDDDEHSEDIIg]vtIDDDDDDDDDDDDDDDIDiIDDEfﬂDDDDlﬂDDD
[Part 3 - Eingabe Tabels]

M True =P 2
B fverte in Watt  Meter™2]
i " 'H-H Falcul. t
ar
fable
[5ubt1-Referenztabells | [subvI-Berechnung Tabelle]

.
I32

1000
[Umwvandiung Sebunde-mMilisekunds ]

OO0O00000000000000000000000000000000000000000000000000000000

Figure 3.13: Block Diagram of Part 3

Furthermore, the user has to define a time period in which the program should have
reached each corner point of the table. Beside this the user has to enter the amount
of steps between two corner points. The result of the division of these two factors is
used to control the time module of the sequence 8 out of 9.

At the output of part 3, there are also used two indicators for the respresentation of

the current values at the analogue output.; numeric indicator and curve chart.
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Again, the for-loop is used to read the single values step by step out of the array. The
step length is depending on the ratio of the two factors which are entered by the user.

The x-scale multiplier is used for the curve chart thus the x-axis is scaled to seconds.

The output of part 3 is illustrated in the block diagram of figure 3.14:

Part 3 - Cutput

q

+ FxScale, Mulkiplier
1000,00

Uriwandlung won
Millisekunden-Sekunden

O+ 1

FDEL
FDEL

Figure 3.14: Block Diagram of the Output of Part 3

3.4.1 Calculation for Table

This calculation for the table is very similar two the calculation which is mentioned in
chapter 3.2.4. The only difference is, that no different locations has to be considered.
The amount of steps between two corner points which has been entered by the user
is applied to the multiplier and to the for-loop. While the index of the for-loop is
increasing one by one, the interpolation SubVi within the for-loop calculates the steps
between a value x and a value y. These two values are taken from the table which
the user has entered. x and y are corner points. The for-loop takes the data out of the

array untill it has reached the end which is the kength of the array multiplied by the
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intermediate steps. At the right side of the for-loop, the new array with the

intermediate steps is available for further usage.

The figure 3.15 shows the SubVi "Calculation for Table":

Fwischenwerke
TiG

lusgang Differenz Array]

Eingang Array Wwert in volt]  [Lange array]
[} @T :

Figure 3.15: Calculation for Table

3.5 Status Request for OK Buttons

This SubVi is created to check if only one OK button is pushed by the user. The
program should only start if only one OK button is pushed. Furthermore, each part of
the software contains an OK button, placed at the front panel. If the OK button of part

1 is pushed, part 1 should be executed, and so on.

The sequence 2 out of 9 contains the connections between the three OK buttons and
two SubVis "Fehlermeldung” and "OK-Buttons".

In addition to that, if the part 3 of the software wants to be executed, the stop button
of part 2 has to be set to "True". Otherwise, an error occurs and the part 3 of the
software will not be executed at all.

For that reason, a case-structure is used behind the OK button 3. The boolean value
will be applied to the structure if the OK button 3 is pushed. The stop button is set to
"True". If the OK button 3 is not pushed which means the boolean value is "False",

nothing will happen, as it can be seen in the figure 3.16 below:
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Figure 3.16: Setting the Stop Button

The next figure 3.17 shows the status request of the OK buttons.:

[2bfrage OK Buttors)

'I:II:II:IDDDDDEIEIDDDDDDDDDDDDDDD%2D“g vtl:lI:IDDDDDEIEIEIDDDDDEIEIEIDDDDDEIEID
: + +

| TE E
Fehlermeldung
SubI Fehlermeldung —

T e~ P

IFehIer:
Bitte nur eine Auswahl treffen!

Fehl, |....

SubvI Ok-Butkons

Il

Ok

Ok Butkon 2

[TEH-

ek

[+] [+]
O0O00000000000000000000000000000000000000000000000000000000

Figure 3.17: Status Request of OK buttons

3.5.1 SubVi OK Buttons

A truth table shows the three OK buttons, represented as A,B and C and the result,
which indicates what should happen if the buttons are pushed in all different

combination.

A B C Result
0 0
1
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Rl R R R O O
| O k| O | O
o] O O k| O k-

R~ o o k| K

Table 1: Truth Table for OK buttons

The value "1" means that the button is pushed and the value "0" means not pushed.
In the column "Result" is shown, when the output of the SubVi "OK-Buttons" has the
boolean values "1" or "0". If the value is "1", the "1" is applied to an AND gate of each
OK button. This AND gate decides which OK button is pushed and executes the
corresponding part of the software.

Out of the truth table, you get the result for the truth function and therefore the SubVi

"OK Buttons" which is shown as a block diagram in the below figure 3.18:

Dk Butbon
s i

aF, vy

E .......

— .

Figure 3.18: Block Diagram of OK Buttons
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3.5.2 SubVI Error Message

The base to create this SubVi is as well a truth table as in the previous chapter.

Result
0

| | | | O Of O O >
R Rl O O Rr| R O Ol W
Rl o k| O] Rr| O R O O
R R R O r| O O

Table 2: Truth Table for Error Message

As well as in the Table 1, the three buttons are mentioned as A,B and C. The
boolean value "1" appears in the column "Result" if at least two OK buttons are
pressed at the same time. This case causes an error message in the sequence 2 out
of 9, which is shown in the figure 3.17. The message requests the user only to press

one OK button at alll.

The block diagram of the SubVi for the error message is illustrated in the following

figure 3.19:

:'"f::::::::: ........................

{ : .........................

LOF . Y7
o D
-

Figure 3.19: Block Diagram of Error Message
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Appendix A / Main Program - Sequences

'DDDDDDDDDDDDDDDDDDDDDDDDEIEHD[D“g]vtll:lI:IDDDDDEIEIEIDDDDD

[&llgemeine Deklaration von Werten|

[Furiicksetzen der Charts auf den Wert "0"]

o Jjjo.oo0

[Furiicksetzen des Spannung-Indicatars auf den Wert "0"]

—2

!L_:'"} Dighum {skrict) B
Reinit To DFlk

O0O00000000000000000000000000000000000000000000000000000000

1 0000000000000 0000000000700 0

[Auswahl Analogausgang|

Tic Iﬂvoltaée vI

b Te [ Joocooo :T-\, -ﬂ_‘?\"'
Llirnit SEttinas E
[Elua}l

Y [

OO0O00000000000000000000000000000000000000000000000000000000
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'DDDDDDDDDDDDDDDDDDDDDDDDDE“2Dllgv|DDDDDDDDDDDDDDDDDDDDDDDDDD
W2[0..5] ] T + +
[2bfrage OK Buttons] |_| [#] (4]

Ck Bukbon 1 ;
Fehlermeldung

| TE E
SubWI Fehlermeldung

Fehl. |.....

IFehIer:
Bitte nur eine Auswahl treffen!

SubVI Ok-Butkons

]

Ok

Qi Bukbon 2

=

Zuriicksetzen Stop2

O

OO0O00000000000000000000000000000000000000000000000000000000

'DDDDDDDDDDDDDDDDDDDDDDDDDE“3Dllgv|DDDDDDDDDDDDDDDDDDDDDDDDDD
: : W 3[0..5] ] + + +
[Part 1 - Eirlesen Log-Files| I—I [+ #]

[Sub¥I-Suchalgorithmus|  [SoEVI-Referenztabell]

Auswahl Standort
|0, Default 't : 0\

Fehler:
Bitte eine Auswahl treffen!

i
-

Calc.

SubvI-Berechnung

OO0O00000000000000000000000000000000000000000000000000000000
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'DDDDDDDDDDDDDE|E|E|E|E|E|E|E|E|E|E|E|ﬂ14[|:|“g]vtlDDDDDDDDDDDDDDDDDDDDDDDDDD

+ + +
[Part 2 - Eingabe Einzekwvert] 3] |—| [+]
[5ub¥I-Referanztabels]
Contral 2

OO0O00000000000000000000000000000000000000000000000000000000

'DDDDDDDDDDDDDDDDDDDDDDDDDE“5Dllg vt|ﬂDDDDDDDDDDDDDDDDDDDDDDDDD
. [+ [+] [+]
[Part 3 - Eingabe Tabels]

[ True 't 3
faerte in wakk | Meker-2]

v 'H-H Falcul.
fable s

[5ubt1-Referenztabells | [subvI-Berechnung Tabelle]

132

.
I32

1000
[Umwvandiung Sebunde-mMilisekunds ]

OO0O00000000000000000000000000000000000000000000000000000000
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-E|E|E|E|DDDDDDDDDDDDDDDDDDDDDﬂq6[0 g]vEIDDDDDDDDDDDDDDDDDDDDDDDDDD

+ + + *
Part 1 - Cutput el = &

by Tobias Kiefer
Salatthermie-2000

August 2003 He + [+] [+] [+]
O00 0000000000000 000000000000000000000000000000000000000000

'I:II:II:IDDDDDEIEIDDDDDDDDDDDDDDDEH?[D“g]vtll:ll:lDDDDDEIEIEIDDDDDEIEIEIDDDDDEIEID

+ + + +
Part 2 - Output 4] ¥} ] &

[True ]

Watt pro Meker™2 Spannun
& Digital | PDigital | [0.0]

Ebops
TF

E,'"} Dighum {strick) '!:_:
Reinit To DFI

5'"} Dighum {skrick) S
Reinit To Dl

+ + [+] [+] +
OO0 00000000000 000000000000000000000000000000000000000000020
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'DDDDDDDDDDDDDDDDDDDDDE|E|E|E|El1SEDIIg]vtlﬂDDDDDDDDDDDDDD

ooooo0ooooooan

+* + + +
Part 3 - Output [+ ¢ [+ &
|
E d
N,
il + MoScale, Multiplier Tingle
lpdaty
=&}
Urwandlung won
Millisekunden-Sekunden
O-+ =3}
FDEL]
FOEL]
n P
[+] [+] + + [+]

OO0O00000000000000000000000000000000000000000000000000000000
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Appendix B / SubVis

Calculation for the Table:

Fwischenwerke
TG

lausgang Differenz array]
Eingang Array Werk in 'l.l'Dltl |L(=_'|nge .ﬁ.rra\,.r| FDBL]
[ &y 2 |
Calculation:

ingang Array Jahr, Tag,Zeit
I[nm 3

?

ingang Array Wert in Yolt

fusgang Diff erenz Arra

3 —

Error Message:

Ok Bukkon

— LA—— E .........................

.oF, vy
i - E .......
LAY
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Reference Table:

Feferenztabelle

[DEL]K

fl—: = J

B v G
o R

E .
—{ Rat
- > Intetp
Eingang Array Werk in Wakk] [busgang Array Wert in Yolt]

&

@ FDEL]

lausgang Single Yalue in volt]

Intetp

Eingang Single Yalue
[DBLH——

Search Algortihm:

[Fschos romy e s v 401 [ Lichk st Bebn] [pesapiatan dan Srings inElerants

[Bther ey ey Zede v 100 Custors + Tkt |
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OK Butons:

Ok Butbon

.......... i
JoF, YT
’E} .......

R S ; ,:‘

Dk, Butkon 3
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