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1 Objective

The document describes addons and integrated enhancesfighésexisting setup for exanmining dust
cakes on bag filters at the Instritute for Chemical ApparBtesign, Particle Technology and Combustion
at Graz University of Technology.

| assume that the reader is familiar with the objectives ef BAG FILTER TEST FACILITY as it was
before the redesign. This is described in Document [1]. The BOTATION FACILITY is an extension of
the BAG FILTER TEST FACILITY with the primary goal to allow examination of dust cake ocdesof the
visible area (e. g. back side of a filter bags). The opticatin®measurement of dust cake height on the
filter bags. based on optical scanning of the filter cake sarfaas driven the decision to install a rotation
facility to allow optical contact around the full 360 degses filter bags.

2 Functional requirements

The BAG ROTATION FACILITY has to follow the basic requirements of thaBFILTER TEST FACILITY
and must not limit any basic functionality which is neceggar research.
The following requirements have been defined to satisfy:

1. The exact measurement of the of injected dust defines sbthe basic research criterions for exact
and repeatable results.

=- The BAG ROTATION FACILITY has to be hermetically closed without any loss of dust.

2. The actual rotation angle must be measurable, as it maylrgat parameter for the downstream
evaluation software of the optical thickness measuremetées.
=- The BAG ROTATION FACILITY has to provide an angle value information with the accurddy o
degree.

3. The facility must include the ability to store specific Engositions which may be retrieved in
measurement process.
= The BAG ROTATION FACILITY must be able to store at least 8 positions (afl 4teps of a full
rotation).

4. The rotation angle position should be repeatable withiggaired accuracy. As the main goal is the
measured angle and not the physical position, this featurere like an accommodativeness for the
user.

=- The BAG ROTATION FACILITY should be able to stop near any measurable position, which is
currently 0.5.



3 Basic components
The complete facility addons may be divided into 3 categoméich are:

1. Mechanical design
This is implemented by a single level drive train which alfofull 360° rotation of the filter bag in
the center of the facility (fig.1). The gear has to be hernadlficclose, that no test material (dust)
should be transferred outside of test circuit or should aedferred from the dust side to clean gas
side with the exception of the filter material loss.

2. Electrical installation and actuation
This is implemented by a DC electromotor with worm gea@ motor power control unit, a mi-
crocontroller board as basic control unit and anterface card between microcontroller and power
control unit. Additionally arangle measurement unit is mounted on the motor directly.

3. Control software
This assembler software was developed for the microcdetrtd fullfill all required features and

enhancements defined in section 2.
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Figure 1: Top view of the facility



4 The mechanical part

The mechanical BG ROTATION FACILITY requires special care of the mounting procedure to ensere th
seal quality and the functionality of the rotation part.
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Figure 2: Mechanical assembly

It must be ensured, that the 2 sealing rings (pos. 19 and p@sge? enough pressure to make the
facility leak-proof and on the other way it has to ensure thevability of the gears (pos. 3 and pos 6)
which are guided between the top plate (pos. 1) and the rplding (pos. 2). It is recommended to
measure the current consumption of the DC motor when tigigethe mounting bolts (pos. 10 and 11).

For driving the facility a DC-motor with worm gear has beeerdigefer to appendix B.1.



5 The electronic part

The electronic part consists of 4 modules (see fig. 3) whiehnaounted on 4 different boards and the
power supplies for the high current part (24V) and the mioraller (9V).
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Figure 3: Electronic modules
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The four boards are identified as:

1. Microcontroller board (moved out from the housing in thygife 4, thehalvedDISC),
2. I2C-interface board (located on the left side in figure 4),
3. Power control board (located on the right side in figurent) a

4. Rotation measurement board (displayed in figure 5).

The Rotation measurement board is directly connected to the drive shaft on the motor, aleottom-
ponents are mounted inside of the housing where the mictaatan is located.

Note:
The main components have to be wired regarding the cabliag ph appendix C, the the
Rotation measurement board must be mounted directly near the motor. Figure 5 determines
the order of the pins for the light barrier circuit.
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Figure 5: Rotation device/measurement board

5.1 Microcontoller board

A development board from ACMCJ2] of the University of Appli&cience Mittweida was chosen as main
controlling unit. The board is traded under the name halN8dID7]. Technical data is available in ap-
pendix B.3.

5.2 12C-Interface board

Thel?C-Interface board has been developed newly for this facility to manage the canication between
the Microcontroller and thePower control unit and to control the rotation directién

1In the current software modules only single rotation dioecis used. Nevertheless the hardware for using both direstis
available.



5.2.1 Adjusting the interface working range

Before using the facility for measurement purposes, thé 46d nterface board must be adjusted once to
work in the range O...10V.

Hint:
To check or set the correct working range the manual contoaer(see sec. 6.2.3) can be
used to measure if the correct voltage values are set or ustatiiese value by using the 2
potentiometers (fig. 6).

The trim-potentiometers should be adjusted:

1. until the lowest possible voltage is reached when powetrobvalue is set to 0 and

2. avoltage of 10V is reached when the power is set to maximaloewof 255.

This procedure has to be done only once before the typicatunement work will be made. Only after a
long inactivation of the facility these values should beaieal for correctness.

0...10v

Biaspoint setting,@

Figure 6: Interface board

More detailed technical data regarding tR€-Interface board is available in appendix D.

5.3 Power Control Unit

For controlling the DC motor the 1-quadrant control unit @S2rom EPH-Elektronik[3] has been selected
- see appendix B.2.

5.4 Rotation measurement unit

For measuring the rotation angle a light barrier solutiamfrfSHARP was selected, the OPIC Photoin-
terrupterGP1A71R by Conrad Electronic[4]. This unit is directly coupled withe drive shaft of the
electromotor (see pos. 15 in fig. 2 on page 5 and fig. 5). Teahdata is available in appendix B.4.



6 Software

The main controlling task is performed by the microcon&olinit. The necessary software has been de-
veloped completely new for this facility. It is written ergly in ATMEL-assembler. For more information
about ATMEL refer to [5, 6].

The software allows full control of the rotation of the filteag in the center of the facility. Several
working modes are available, either controlling the ratatiby hand” or automatically. Up to 16 positions
may be preprogrammed (teach in mode) and can be addressethydiia the controller keys.

6.1 User Interface

The user interface was designed to fullfill the followingu&gments:
e to be informative
e to be simple and easy understandable

e to allow detailed control

To accomplish this requirements a consistent user inteffias been implemented which gives the user
as much as possible feedback and allows intervention in gitsttions. All commonly used actions are
attainable by a minimum of user interaction.

This requirements led to the following user interface menu sucture:

Main Screen
L]
Goto Position
I
+
M
i
Manual Control Rotate Manual ! Goto Angle Next Position [T
I i
I ! l
A
Value Preset Enter Angle
[
|
Y
Calibration [ Goto Position 1..15 ||
S — |
Y
Set ReferencePos. Reference Pos. Store/Clear Pos. 00 ——{
i
Init Cycle Startup Init i Set Position
T :
i | |
A i
i
} i
Information Program Info i 1L Clear Position Store/Clear Pos. 15 [ |
i
I | T
| I ———————— | | S ——————————— |

Note:
A larger flyout is available in appendix A.



6.1.1 User interface and menu semantic

The menu entries have been mapped to the keyboard of theaoidroller and work in 3 modes whereas
the keyboard is used in 2 differnet ways in modes 1 and 2:
The 3 modes are:

1. Menu selection mode (see notes above the leader lines iR)fig
2. Value control mode (see notes below the leader lines iTjig.

3. Information or feedback mode (this mode does not allowesgy interaction).

.......

: = if. ; e Next (1)
' i e Exit (2)

Back (1) Enter (1)
Decrease (2) Increase (2)

Figure 7: Keyboard usage in mode 1 and mode 2

6.1.2 Menu selection mode (mode 1)

In the menu selection mode the screen layout is always:

Display line | Contents | Key semantics
Top line current menu mode action
Center line menu selection keys Back - Next - Enter

Bottom line | next possible menu selectign

Example:
The main menu entry of the “Manual Control Mode” looks likésth

This screen means, that with tBack key (left key) this menu mode can be left, by pressingEheer
key (right key) the menu mode “Manual Control” will be entgrand the middle keyNext key) will
advance to the next menu entry “Value Preset”.
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6.1.3 Value control mode (mode 2)

In this mode a numerical input value can be defined or coetldlly the 3 keys.
In the value control mode the screen layout is always:
Display line | Contents | Key semantics
Top line current control mode
Center line | speed cursor or control valueDecrease - Exit - Increase
Bottom line | current preset or active value

Examples: The “Manual control mode” looks like this:

In this dialog the Power value is changed according td moeease (right key) orDecrease button (left
key), the current measured “Angle” value is updated fretjyéa show the effect of the control action.
As another example, the “Value preset” mode for angles maly this way:

This dialog demonstrates the ability of a keyboard numéviake input.

TheIncrease (right key) orDecrease button (left key) change the value displayed in the bottom,li
the “speed cursor” reflects the “value change speed” of teegtvalue by displaying a varying number of
arrows, whereas the speed increases with the key-hold timeraximum of 5 arrows.

e If the Increase key is pressed, right-arrows inform the user about the asgespeed of the preset
value. When releasing the key, the speed value is reset towlest value (displayed as single arrow
right or left) an the value does not change anymore.

o |f the Decrease key is pressed, left-arrows inform the user about the dserepeed of the preset
value analogous as described before.

e The “Value control modes” will be left when pressing the malbdutton (calledExit button in these
modes). In some cases the Egit button press may be used as “stop” action. In this situatioray
be necessary to pregsit a 2nd time or to hold this key down for 1 second.

Additional information according the value control rangevisualized in the center of the “speed cursor”
in the middle line:

e When no key is pressed, only the “up-only arrow” is displapetween the 2 “increase/decrease
arrows” as no speed reduction is possible in this case - $efgare of “Value Preset” example
above.

e In most cases the “up/down cursor” is displayed in the middlthe speed cursor to indicate that
increasing an decreasing of the speed is possible in thit&ih - see middle figure of “Value Preset”
example.

e When reaching the maximum increase or decrease speed tr@uep/down cursor” in the middle
of the cursor line changes to a “down-only arrow” to inforne tiiser about the fact that additional
increasing is not available - see right figure of “Value Presgample.

11



6.1.4 Information or feedback mode (mode 3)

Except the 2 interactive user modes several informatiaealhack and display contents are defined, which
provide the most important data regarding the active progretion.
Some feedback examples contents:
Idle mode: software title, current room temperature and the last tesigle
Information mode: the software build date, program author and other inforomati
Rotation control mode: control phase, power value and current angle

All these screens are summarized under the term “Informatiode” or “Feedback mode” and will be
described detailed in the following sections.

Note:
In these modes any keyboard user interaction is disabled.

E. g. the automatic positioning from the “Goto Position” readll display the following screens depending
on the phase of the control cycle:

For more information regarding these screens refer toae6ti2.2.

6.2 User functions and program modes

In this section each specific function will be worked on wiample screens, the functionality and seman-
tics of each function is described.

6.2.1 Main screen or “Idle mode”

This is the function which is active after system startup aray also be selected by tiBack button (left
key) in the main menu level (see also section 6.1) or aftecutien some other functions.
Program title, the current room temperature and the ladeastgp position is displayed in this mode.

Note:
The angle position control is persistent, i. e. that thedasfle is pursued even after switching
off the facility and deactivating any electrical power, agsistored in an internal EEPROM
area of the microcontroller.

The “Idle mode” is left at any keyboard interaction, i. e. ggi@g any of the 3 keys initiates the 1st main
menu entry described in the next subsection.
6.2.2 Goto Position mode

This is the function that will be used in most cases. It's therinal work mode” and designed to do
measurement cycles in a convenient way. The main menu entry i

12



Internally a list of max. 16 angle positions may be storedotare numbered from 0...15. The value
of position 0 is displayed as “Reference Position” and isallgistored as angle value 0,@&ll other angles
are displayed as “Pos. 17, “Pos. 2", etc. Any of these 15 pmsinay also be omitted if no value is stored
on that position, in that case this index will be skipped iis thode.

As an example also the following positions may occur in seqae0 (Ref.), 1, 3, 7, 8, 15.

When pressing thEnter button one of the following menu entries will appear, depegd the reference
position or any other numbered position has been selected:

In this display the top line displays the position index of tiext chosen angle (this angle will be-
come the next “current” angle position on selection), iniiddle menu line the “menu select cursor” is
displayed and in the bottom line the index of the angle pasitdllowing the chosen “next” angle.

Important note:
Itis not fixed that the reference position (pos. 0) is storedragle value 00
Use the function “Calibrate” (see 6.2.5) or the “Boot up imfiaition keys” (see 6.2.8) to verify
which angle is stored definitely at position 0.
This feature makes it possible to use a “reference poinetiféss fix value to be added to the
reference position 0°0see also section 6.2.5 on page 18).

When selecting a specific location by pressingEhter key, the automatic positioning control cycle begins.

13



5 Phases of the control cycle: There are 5 phases of the control, whereas some phases mayittexlo
if the control logic does not allow this (e.g. if the rotatiangle is too low to reach the maximum speed
phase, it will be skipped).

The top line always displays the control phase, in the mitidéethe current power value is shown and
the bottom line is updated according to the current angleeval

1. the “initialization and pre-movement” phase:
This phase is defined as beginning the rotation control whemaovement occurs (before reaching
a power value which overrides the rest friction of the fagjli

2. The “rotation speed up” phase: P
In this phase the rotation speed is increased continuoullythe maximum power value of 255
(Hex OxFF) is reached or until the “rotation speed down” ghiaegins.

3. The “high speed movement” phase:
If the highest speed value is reached, the rotation speegpisok the constant maximum value until
the “rotation speed down” position is reached.

4. The “rotation speed down” phase:
To stop at an exact predefined location, the last rotatiggsstaust be made using a very slow speed
to enabling the “power off” at the target position. This phdecreases the speed constantly until the
“slow speed” power value is reached.

5. The “slow speed” phase:
This is the exact position control phase. At a minimum spéedrotation is continued until the
preselected target position is reached and the power istsedtoff at the correct moment.

Important remark:
Due to the control logic and the hardware design of the madtcility it is not secured, that
the final position is exactly identical to the predefined angllue. Inertia, friction and other
influences may lead to situations where the end location riféer tb the preselected within
1 measurement step. This does not mean that the angle me&siris inaccurate, rather
the measured angle is a main input parameter for the optieasarement software which
will consider this fact in the program algorithms to come taog-ambiguous solution for the
measurement purposes.

Correcting the positions by changing the rotation dirextiavould lead to other negative
influences to the measurement results (e.g. the tooth tscfahe gears) which would impair
the values in a higher degree than the mathematical approach

The deviation of the preselected and measured angles is ceated in the calculations to
fit the requirements of the scientific goal of the rotation fadlity.

14



6.2.3 Manual Control mode

This mode can be used to controll the rotions speed and ositianually”. The main menu entry is:

When entering this mode by pressing ter key the “Manual Control” Menu appears.

The “Power value” the middle line displays the motor conproWer which is in range 0. .. 255 maxi-
mum. At the begin of this mode the “Power value” is set to the@®00, i. e. no movement is possible.
This value is displayed in decimal and hexadecimal reptatien:

With the Increase key (right) and théDecrease key (left) this value is increased and decreased accord-
ingly and is directly transformed to a motor control voltagdue to control the speed of the motor rotation
(see also 6.1.1).

In this mode the speed of the value increment will be increéagéh the key hold time up to a max.
value of 32x the basic speed.

When pressing thExit key the power control value is reset to the value 0 immedjatelthis situation
the value can be increased again by pressindribease key or the "Manual Control mode” will be left
by pressing th&xit key once more.

Note:
As there is much rest friction in the mechanic part the rotatwill begin at a power value far
away from the start value 0, depending on mounting conditioraterial friction values, etc
This function may also be used to control the necessity ohtaaance cycles or to check long
time behavior of the facility. For that topic refer also tointanance section 7.4.

2In the development phase working in an experimental enwirmt the value for rotation begin was in the range of ca. 12@0
(near the hex value 0x80), which is ca. 50% of the maximumevalu

15



6.2.4 Value Preset mode

The Value Preset mode is designed for entering a specifie @ugition interactiveley via keyboard, which
can also be triggered instantly. The main menu entry is:

This menu loop can be used to switch between the 2 control snode
1. Enter a requested angle
2. Start rotation to stop at this angle

If choosing the “Enter Angle” mode, the user may define a djge@ngle. The input screen for entering
a specific angle looks as described in the section 6.1.3 oa pa@nd allows the definition of any value
besides the preprogrammed values as described at the “@sitibR” mode in section 6.2.2.

After predefining an angle value and leaving the “Enter Ahgiede by pressing thExit button (mid-
dle key) the user comes back to the “Value Preset” selectitinthe second option as default (the “Goto
Angle” mode in this situation). By using thdext key he can switch back to the “Enter angle” mode, etc.

Usually the “Goto Angle” will be selected to go to the predefirangle position, where the user can
continue his measurement work or change to the “Calibratder(see 6.2.5) to store this specific angle
in one of the 16 memory locations for later usage in the “Gatsition” mode (see 6.2.2).

When leaving the “Value Preset” mode by pressingBhaek button, the user falls back into the “Idle
mode” of the Main Screen (described in 6.2.1).

6.2.5 Calibrate mode

The Calibrate mode provides the functionality to define thsebangle position (called “Reference posi-
tion”) and all stored angle positions in a teach-in mannée hain menu entry is:

After selecting the “Calibrate mode” by pressing freer key, the main menus of the calibration mode
are displayed in order:

16



TheNext key has to be used to rotate through the 3 menu screens.
The 3 possible functions are:

1. Store the current angle as new reference position
2. Store the current angle in any of the numbered positions 18).

3. Clear any of the numbered position angle values.

Note:
These first two actions have totally different semanticseYehs the “Store Refpos” command

defines a new absolute rotation reference angle (by reg#tittnactual angle to O2@&nd storing
this position immediately to the persistent EEPROM memasd the “Set Position” actions
all corelated relative to that reference position. Thedasibn is used to “clear” already stored

positions.

Setting a new reference position: When selectindenter to store the current position as reference for all
other measurement angles, the following confirmation dialopears:

Once again th&nter key must be pressed to confirm that the current angle positibtvecome the
new reference position with the following effects:

1. The current angle becomes reset td 0.0

2. This value will be stored in the persistent EEPROM memagrifast value”

After storing the reference position, a success messagan(error message on failure) informs the user
about the result this requested action:

17



Storing a numbered position: When selecting “Set Position”, the “position store” mengdraes acti-
vated. This menu can be used to step through all possibleggqrositions by using tHéext key (even if
there is currently no value stored at a specific positiongdech position the current angle can be stored by
pressing thé&nter key, the positions are numbered frofito 15.

In the display in the top line the old value is displayed prsdiby “Old.”, in the bottom line the current
angle is shown prefixed by “Store:”:

When pressing thélext key, the display is advanced to the next value. After pasifié the cycle
becomes continued with position 0. TEater key stores the current angle position as value for the ctirren
displayed numbered position and as feedback a screen nedssdigplayed:

Clearing a numbered position: When selecting “Clear Position”, the “position store” mdmcomes
activated, as described in the previous section. The offfigrdince to the “Set Position” function is, that
the value to store is called “none”. The handling is identioahe previous described function and the
confirmation display will confirm, that the value “none” haselm stored in the selected position.

Programming a reference position offset: In general the reference position is preset to the value 0.0
But it is also possible to store another angle at positionfickvis defined as reference position. If that
is intended the reference position may be defined at anoliseti#e angle value than 0.0

Remark:
Nevertheless in any of the other positions the anglé thy be stored to use this position in
a measurement cycle.

An unusual reference position may lead to misunderstasgdihgrefore we recommend to use this feature
carefully and restore the “standard” behavior when it isusgd anymore.

Note:
If the reference position is set to another value as,Qle user must pay attention that the
facility is set up that way. In the user interface still thendyolic word “Reference Position”
will be used but the facility will not match to the default lzafor.

If the user is unsure about this situation he has 4 optionsatkerthis situation non-ambiguous:

1. Use the “Calibrate” mode to check which angle is storedisition O (see 6.2.5).

2. Use the “Goto position” mode and select the “Reference’P@dter reaching this position, the
reference angle is displayed as “current” angle (see 6.2.2)

3The position 0 is dedicated to the reference position andldraiways have the value 000.0, except when a referencéquosi
offset has been be programmed.

18



3. Use the “Setting new reference position” as describedalio this section, to set the reference
position value to the standard value 0.0

4. Use the boot up information keys to display the storedtjprs or achieve the automatic basic setup
program to reset the facility to the default behavior (s€e8j.

6.2.6 Init Cycle mode

When not using the rotation facility for a long time, it may jpessible, that the facility bogs down. This
means, that there is no way to start up the rotation in a “niwess as described in the methods above.
In that situation the following screen will appear and imhathe user about this situation:

Important remark :
The “Init Cycle” mode is thought to implement a software siwn to unsnap the frozen po-
sition. But as there may be many reasons and hardware andasefsolutions for dealing
with this situation, no algorithm has been implemented gely the user interface is currently
available.

If this situation appears, the facility should be powered ofimmediately to prevent damage of the
hardware and the reason for this situation has to be examinednd eliminated before continuing the
work.

Nevertheless the user interface is described in this dontieeshow the situation if the software
program would have been implemented.
The main menu entry is:

After selecting the “Init Cycle” mode by pressing theter key, the following screen must be confirmed
with the Enter key to execute the “Init Cycle” program:

Until the implementation of the algorithms in this situatithe following message will appear to docu-
ment the situation:

6.2.7 Information mode

The “Information” mode informs about software release goasnmers name, facility maintainer and soft-
ware built time. The main menu entry is:

19



The different screens are displayed in a rotating mannecdorl second for each line and 2 seconds
after writing the last display line of each screen.
The loop is ended if the user presses any key. Typical scraagdook like this:

6.2.8 Boot up information keys

When booting the microcontroller before working with theaton facility, some information will be
displayed for a short time. One of these screens will dispiiayfollowing message for ca. 2 seconds:

Within these 2 seconds some initialization and diagnostiggams can be activated by pressing a key,
currently 3 “magic key” programs are implemented:

1. Angle Display Information program (left key)
2. Automatic Basic Setup program (middle key)
3. Activation of manual Dual Direction Mode (right key)
Angle display information: This programs is supposed to display all 16 stored angldipnsiand is

activated by pressing the left key. After pressing this kaghestored position is displayed for a short time.
Examples:

LRI P

Unused angles are displayed as “none” angle value, thenadtezpresentation in hexadecimal format
for each angle is displayed at line 2 of the screen.

Automatic Basic Setup: This program may be used to initialize the microcontrolléhwypical standard
values (as described in section 7). This may be used for gapyqgramming of defined standard angle
position values. The stored angles are displayed in theuptahase in hexadecimal format.

20



The values are written to the non-volatile EEPROM memory T®/0.) and afterwards read in again
(RO7=...) to ensure the correct functioning of the hardwdreline 3 the stored position as decimal
number is displayed.

Important note:
After writing these values any previous stored informat®destroyed. Only the first 8 angle
values are predefined, all upper positions are set to “none”.
The current position is treated as reference position asetis 0.0.

Dual Direction Mode: Even as the hardware is able to rotate the bags in 2 directodescision was
made to use only single direction rotation in measuremégxaat rotation processes to ensure a maximum
of preciscion (see also remark on page 14). Neverthelessie situations it may be quite convenient to
use both directions for manual positioning control (see &l2.3), even if the angle is not calculated in
the correct way. For these situations the Dual Direction #otay be activated by pressing the right key
(Enter) when booting up the controller. The confirmation message:

e e
IR R
F IS A |

is displayed to inform the user about this special test mode.

After activating this mode, at any selection of the Manuahta Mode a screen with the following
contents is displayed and one of the 3 cursor keys must betasstect the corresponding direction or to
leave the manual control mode:

When pressing the the right kelter) the “normal” rotation direction is acivated, as it is séégtin
any other automatic control mode, when pressing the left(Bagk) the direction of rotation is reversed
(back rotation) for this single Manual Control cycle and wipgessing the middle keyNéxt) the Manual
Control mode is left and the main menu is entered again.

Important remark:
The Dual Direction Mode cannot be used to do positioninggitie angle value display, as
the display does not honour the rotation direction. I. e.t thlaen positioning the facility
in the reverse direction mode, the angle value change isileédd with the wrong direction
(means always positive rotation direction) as it is usednarfmal” mode and the reference
angle position is lost. The user must use the Calibration &/@&e 6.2.5) again to set the
correct reference angle.
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7 Quick startup guide

Mainly the rotation facility will be used to measure dust eakickness with thesILTER CAKE TEST
FACILITY. The new features are implemented to rotate the center bamke it possible to do optical
measuring not just on the front side of the filter bags, as ttetion facility extends the functionality to
make measurements possible on all sides the the filter bags.

A typical experimental session may be described in this ieagnd will cover the “normal” (means
mostly used) steps for using the rotation capability. Thiswdnent also presumes, that the operator of the
facility is familiar with the handling of the test system whiis not covered by this document.

7.1 Rotation Facility run up

1. The facility has to be powered up as it has been done béferetation capability has been imple-
mented.

2. As next step the power supply which drives the motor of frth@rotation facility must be activated
(24V power supply, 10 A max. current) by plugging it to 220V.

3. After this, the controller unit power must be powered up,pbugging the the 9V supply of the
microcontroller into a 220V connector.

Notes:
When powering up the controller before providing power t® timotor and interface card, the
microcontroller will not boot up.
When the controller should be used without the interface eard the motor unit, theé?C-
connector must be unplugged. The connector is marked wigi & the controller board and
is located to the right of the keyboard (see figure in section page 7).

7.2 Measurement process

Typically 8 images within one rotation are used to measueedst cake thickness on the complete cir-
cumference. These are the’Aieps from 0to 315.

The main menu will be activated by pressing one of the 3 keytherkeyboard of the microcontroller
when in “Idle mode” (Main Screen - see section 6.2.1).

1. If the current position is not the reference position (ne@.0), the reference position has to be
triggered, if the current position is already the refergmasition, continue to step 3.

2. Locate the reference position as start position:
Main menu: Goto Position — Reference Position —Enter
If the 1st menu entry is not the “reference position“, useNke key (middle button) to advance to
position O (reference position) and pré&sger (right button)- - (see also 6.1.2 on page 10).

3. Complete the optical measurement cycle for this anglgipos

4. Advance to next angle position:
Main menu: Goto Position —Next Position —Enter
After the reference position, this should be the angleatberwise the next 45step after the current
angle.

5. Repeat step 3. and 4. until all 8 cycles have been finished.
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7.3 Rotation Facility shutdown

After completing the experimental work it is recommendegawver off the rotation control hardware.

1. Unplug the 9V supply of the microcontroller
2. Unplug the 24V power supply

3. Power off all other components of the facility as usual.

This ensures to save energy when the facility is not needédnaneases the lifetime of the electrical and
electronic parts.

7.4 Service and maintenance

The rotation facility has no dissipating parts, so no regoiaintenance work has to be achieved.

But to avoid the facility to be stuck, it should be moved pditally. Activation cycles of one week
should be taken as clue. If no higher “rest friction” is netible, this period my be increased, if still
problems occur when starting up the facility, the servicéguemay be decreased.

As a simple test case the “Manual Control” mode can be usedgsetion 6.2.3). The startup value
when the rotation begins should be taken as reference fiwefittests how the rest friction will behave over
the time. Observe this value for determining clean up cyfdesouble-free work.
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A User interface structure
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B Technical components

B.1 DC-Motor (Actuator)

Vendor:
Wolfgang Graf - Elektromotoren([8]
Albertgasse 11, A - 1080 Wien
Telefon: +43 1 406 1400, Hotline: +43 664 38 28 119 , Telefad3 * 406 0990

Manufacturer: Fa. Bosch, Germany

Order No.: 0390 257 689

| Technical | Data |
Operating voltage 24V
Nom. power 22 W
Nom. current 25 A
Max. current 11 A
Nom. rot. speed 29 rmp
Nom. torque 22 Nm
Transmission. ratig 1:55

B.2 DC-Motor control unit

Vendor:
Wolfgang Graf - Elektromotoren - see appendix B.1

Manufacturer: EPH-Elektronik [3]
Order No.: 1107-GS24S/03-360B

| Technical | Data |
Operating voltage 12-48 V
Max. current 6 A
Control voltage 0-10 V
Impulse frequ. 18 kHz
overcurrentrelay | yes
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B.3 Microcontroller (halvedDISC)

Vendor:

IMM Elektronik GmbH, Mittweida [2]

Development: ACMC Application Center Microcontroller [2]

Technical

| Data |

Microcontroller

ATmega8

ISP Flash RAM/SRAM/ISP-EEPROM 8 kByte/1 kByte/512 Byte

Timer

2x8-hit/1x16-bit

Osc. frequ./\Voltage supply/Curre

nt4MHz/7.5V/>=30mA

LCD Display, Background light EA7123-12C

RT-Clock/Temp. Sensor/Photo resistoDS1307/LM75/FW300

Relais output/Optocoupler input OMRON G6H/Connector X1

12C

INOuV/ISP input

Connector X2/X3

8-bit OnChip ADC

Connector X4

Input devices

3 function keys/1 reset button

B.4 Rotation measurement unit

OPIC Photointerrupter with encoder functions.
Remark: the used device did not fullfill the TTL specification

Vendor:

Conrad Elektronik[4]
Karntner Stral3e 228, A-8053 Graz
Tel.: 0316/286464-0, Fax: 0316/286464-10

Manufacturer: SHARP Electronics

Order No.: 181714-62

| Technical | Data | Remarks |
Forward voltage 1.2 V
Supply voltage 5 V
Supply current 5 mA max. 0.5mA on used deviceg
2-phase digital output only 1 phase used in facility
max. frequncy 10 kHz
Interrupter disc 120 impulses
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C Cabling plan
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E Interface PCB data (Layout)
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