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User Manual:

OVALITY SENSOR

1. INTRODUCTION:

The Ovality Sensor is a measurement tool for rotary kilns, which measures the changes of the
roundness / curvature in the kiln shell during operation. This elastic deformation is called Ovality
and is primarily present in the area of a kiln tire. The measurement gives accurate information
about the degree of mechanical loads in the refractory / kiln shell and allows defining the
countermeasures in advance to increase the lifetime of the kiln components.

The Ovality Sensor is small, easy to use and comes along with a tough transport case.

1.1 Safety:

Rotary kilns or dryers, where this tool is used, are huge rotating equipment with many pinch points;
they can cause serious injuries. Therefore only specialized and trained personnel shall work close
to these machines. To use the Ovality Sensor, follow strictly the local safety rules given by the
respective plant / factory / local authorities and discuss the application with the safety engineer in
charge.

The tools provided by TomTom-Tools GmbH have proven their functionality in various applications;
nevertheless TomTom-Tools GmbH does not take any responsibility for the application on site
regarding safety. The user is responsible for the safety, according to the local law, in a way that
nobody can be hurt or injured. The application and safety instructions below are guidelines, which
include the experience from previous measurement campaigns and might need to be adapted to
the local condition and safety requirements.
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Falling:

The tool might fall off the attached surface, if it is not properly attached.
Dust, dirt, corrosion, roughness or high surface temperature (>330°C)
increase the risk.

Do not stand in the area and keep it clear, where the tool might fall down

Helmet:
Wear a proper helmet while using the measurement tool.

Hot Surface:

After the measurement, the magnets might be very hot.

Use the T-handles for holding and do not touch the downside of the tool,
especially not the magnets.

Let the tool cool down before stowage. Otherwise the box may get damaged.

Gloves:
Wear proper gloves, which prevent burning the hands.
Especially for attaching, removing and handling the tool, when it is hot.

Magnetic Fields:

Be aware of the strong magnet field on the magnet surface.

Keep the tool away from people with pace makers or any other sensitive item
as credit cards or magnetic data carrier.

Clamping:
Do not put fingers between the magnets and magnetic surface. There is the
risk for clamping or pinching, due to the strong magnetic force.

Radio Waves:

Be aware of the radio waves (Bluetooth) which are emitted from the tool as
well from the Bluetooth adapter on the computer.

Do not keep the tool unnecessary in operation; switch it off, after usage.
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1.2 Measuring Principle:

The Ovality Sensor consists of a Deflection Plate, which will be attached with heat resistant
magnets to the kiln shell close to a tire. Due to the strong magnetic connection, the deflection in the
Deflection Plate follows the deflection of the kiln shell below. Strain gauges are measuring the
deflection in the Deflection Plate. The electronic converter is amplifying and conditioning the signals
from the strain gauges and sending them together with the values of the orientation sensor via
Bluetooth@ connection to a laptop.

The software TomTom-Tools Measurement Studio (for Windows), which comes together with the
measurement tool is made to receive, store and process the values from the Ovality Sensor.

During the measurement, the values are displayed and calculated directly in real time.

There are different display, zoom and report printing options available.

Ovality Sensor

B
......

.
e
-
-
-,

Advantages
Measurement during kiln operation
High accuracy
User friendly software

Small size (mostly pass easily between heat shields or thrust roller and kiln shell)
Small weight (Sensor: ~1.5kg / Total incl. Case ~3.5kg)

Convenient for travelling

Measurement directly displayed on computer

| h
Sensor removing from Kiln

Ovali Sensor on Kiln
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1.3 Tool Kit includes:

o o b~ 0N =

Ovallity Sensor

Battery Charger with different plug adapters (100...240VAC)
Bluetooth USB Adapter (high range)

Tough transport case (Dimensions: 33.9 x 29.5 x 15.2 cm)

Software (TomTom-Tools Measurement Studio) on USB Flash Drive
Manual

1
il
|
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2. OVALITY SENSOR

2.1 Components:

Deflection Plate

Fixed Magnet

Lateral Movable Magnet
Converter

Heat Shield

T-bar Handle

Charger Plug (8...25VD(

Power Switch = ‘ 3
j

2.2 Features:

©® N o o bk~ 0w D =

The Ovality Sensor gets charged by the charger, which is included in the tool kit or by any power
source from 9 to 25VDC (center pin positive).

Note: The sensors made before September 2010 have to be switched on for charging.

With the power switch 7, the tool can be switched on and off.

The light (LED 1) indicates the battery charging or if the tool is measuring as shown in the following
table.

LED 1 (Battery Charger / Measurement)

Battery full I
Battery charging I
Measurement |

The light (LEDZ2) indicates the condition of the Ovality Sensor.

A constant green light shows that the tool is switched on and is in normal operation.

Slowly yellow blinking indicates a warning as high temperature or low battery status. If the tool is
connected to the PC, a warning window will appear on the screen as well. Ongoing Measurements
can be completed without problems.

Fast red flashing shows an alarm as dangerous high temperature in the sensor or battery
completely empty. In case of temperature alarm, the tool has to be removed immediately from the
kiln to prevent damage. It creates also an alarm window on the PC screen.

LED 2 (Tool Condition)

OK I —
Warning 1 { | { | 1
Alarm Il B I BB IE = =
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3. SOFTWARE:
3.1 Bluetooth Adapter

To ensure, the data connection between the Ovality Sensor and the PC is reliable, even in the
difficult environment around a rotary kiln, it is recommended to use the Bluetooth adapter (Parani
UD100), which comes along with the Sensor.
Note:
e The TomTom-Tools are designed to communicate only with Windows Bluetooth Stack.
If there is another Bluetooth software installed (e.g. Toshiba, Widcomm),
deactivate it or uninstall it.
e Then plug the Bluetooth adapter UD100. Windows will recognize the new hardware and
automatically install the suitable Windows driver (Windows generic Bluetooth)

| USB Interface

3.2 Software Installation:

The software (TomTom-Tools Measurement Studio), which is used for the Ovality Sensor,
comes along with the equipment on a USB Memory Stick. Nevertheless it is recommended to
install the software from www.tomtom-tools.com , where always the latest version is available.
During any start of the Measurement Studio, it is checking for updates if the computer is connected
to the internet. In case of available upgrades the user gets asked if they should be downloaded and
installed.

Measurement tools for the cemen
TomTom-Tools GmbH
Zelgli 20 Click to download ann Iﬂﬂd S
28805 Arni the Software
Switzerland Manuals
infoi@tomtom-toals.com

Home Example—EAnimatinn—File

IDM-Drivers 9.8 (for Measurment Studio up to version 3.5)

Products . .
ﬁ] TomTom-Tools Measurement Studio Setup EI_IE
Imprint
= ﬁ@lﬁm TomTom-Tools Measurement
ontac
Studio Click to install
Partners the Software
Downloads
Options ] [ @'Inf\;i] [ Close ]
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4.
4.1

START THE TOOL:

Connect Ovality Sensor with Laptop

When the software installation is completed, it starts automatically.
To connect a tool for the first time it has to be paired with the computer.

To do so, follow this sequence:

Wait until the tool got found

Switch on the Ovality Sensor (green LED).

Click on “Tools / Bluetooth Devices / Add a device”

Juli 11, 2015

Note: Depending on the search speed of the computer, it might take up to one minute.

Select the device, which has to be connected; (here the Ovality Sensor) and click “OK”

Flg 411 {lb TomTom-Tools Measurement Studio “
(Add bévice) File  Measurements Reports | Tools | Help
~ @ ahg | BluetoothDevices... | The size of the buttons
- Reset Windbw Layout ___—| can be changed here
AR Optigns... /
Measurements
. Devi -
z:ég 4-1-2t Device) s filb Bluetoacth Devices |. = | B i
onnect bevice
Add a devi R ve devi
{lb TomTom-Taols Measurement Studio Iﬂl";c—el S
File  Measurements Device Reports Tools H r
Add a device
=) @ NN .
Select a device to add to this computer. (Continuing to discover new devices..)
Overview [= |
Measurements
Devices i
e The Ovality Sensor gets added to the Device List
e To connect the Ovality Sensor, click on the “Connect” Button - -
Set Zero” Button
Fig. 4.1.3 File  Measurements Device Reports Tools Help To Setl t?etd?%%c’tlon
T plate to
(Device Window) r~ 7 Qha (not required, is done
automatically later)
To connect = D=
click here Measuremerts [ Calil::rate\the\Ox-'alit}-' Sensor rotation angle. ]
Devices
To calibrate the
Orientation Sensor
Device can be
connected, when - ~
displayed here *
(in black letters) Device
Status Connected Battery Status
Autoconnect O
|dentification 11345096
Batteny:
Magnet Temp. [C] .
o Measured Values
Bl e
aft)tlar calibration Hlongation [um/m] 19411 deformation in the flexing plate
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4.2 Signal from the Deflection Plate Reports _Tools Help E[
The main Sensors in the Ovalily Sensor are the strain gauges, @ @n ,% Q —
which are attached to the Deflection Plate (see Fig. 2.1.1). \Setounent dosonioninoie,
When the Deflection Plate gets deformed, it is shown as changes in the elongation of its surface
(see in Fig. 4.1.1). Out of this elongation value, the ovality will be calculated.

Note: With a simple test, it can be verified, if the flexing measurement is working correctly:
¢ Hold the Ovality Sensor on the electronic box horizontally that the magnets look downwards
(do not touch the magnets nor the handles) then click the “Set Zero” Button.
e Turn the Ovality Sensor 180° that the magnets look upwards
Due to the own weight of the magnets, the Deflection Plate gets slightly deformed and an
Elongation of about 25...28 um should be displayed

4.3 Calibration of Integrated Orientation Sensor

When the Ovality Sensor is connected, it constantly transfers its orientation values and the
deflection values from the deflection plate to the computer, which can be seen in the moving
numbers in the Device Window.

Note: First the orientation sensor has to be calibrated. Push the button “calibrate” and the following
sketch indicates to place the sensor on a horizontal surface (e.g. table, floor).

Reports  Tools  Help

'@ @ % Q .z 1| s Dvality Sensor Calibration x|

o r X <r easurement:
| Calibrate the Ovality Sensor rotation angle. h

Fig. 4.2.1

Place sensor to a horizontal position.

Then click [Mext:>]

BE. .2

e e

Push “next” and hold the sensor onto a vertical surface (e.g. wall), as shown in the next sketch.
Note: There is no high accuracy of the surfaces required. An error of 2° will not influence the
accuracy of the sensor.

| 1|[= Ovality Sensor Calibration x|

Fig. 4.2.1

Place senzor to a vertical position

Then click [Meut:>]

77

This calibration will be saved and remain in the registry of the computer. Hence the calibration has
not to be done before each measurement. Nevertheless it is recommended to re-calibrate the
sensor after a long period not in use.

A re-calibration is required when the tool is placed onto a horizontal surface and the angle value
does not show values close to 0°, resp. hold onto a vertical surface and the value is not close to 90°
or 270° (see Fig. 4.1.1)
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5.

MEASUREMENTS

5.1

Juli 11, 2015

Set Up the Measurement Window

a. To start a new measurement, click on “Measurement / New / Ovality” as shown in Fig. 5.1.1

-
b TomTom-Tools Measurement Studio‘

R —

-.:.-El-g

------ ﬁ Owality Sensor - con

Roller Shaft Bending
Gear Runout

Tire Wobbling

Raw Data Acquisition

Shell Runout

Kiln Diameters

File | Measurements | Device Reports Tools Help
Dl New » Ovality |
. Kiln Marking'

Overview
Measurements Kiln Inclination
Devices Single Inclination

Mo messages

=]

b. The first pier will be displayed per default.
c. More piers can be added by mouse right click to “Add Pier”
d. Put some additional useful information about the measurement into the “Settings Window”

(== =T

Type the inner
Kiln Diameter

Enter the
Temperature of
Kiln Shell and Tire

Enter the Relative
Tire Movement

Fig. 5.1.2
b 2015-07-07 Ovality 1.tms - TomTom-Tools Measurement Studio
File  Measurements Device Reports Tools Help
D Ea » ﬁ,? @ IEQ 'E_ No messages
Overview o r Xx Radar Chart 2| Lined . I -
Pier P rt
Measurements il i /_
""" 20150707 Ovality 1tms Piar
Devices
‘- §3 Ovality Sensor - connected Name Pier 1
Diameter [m] 5.4
Measurement
Enter Additional T Average Uphill [1C] -
Information T Average Downhill [C] -
Measurement Settings P o x T Average Tire ['C] -
- /_
Plart Name: Rel. Movement [mm./rev]
Equipment:
Measured by:
Ovality Piers
. 07.07 2015 -
Date: @ Pier 1
Taool ID No: 11345096 Material Flow 3,
Kilm Rotation: - . .
Klick mouse right button to
Remarics: change the Flow Direction
Ovality Sensor [= T B4
Device
i‘j‘”s CD"““BC‘“ Klick mouse right button to
oconnect .
mor ler
Identification 11349056 add more piers
Battery: I
Magnet Temp. [C] [ | A B B
Measured Values B - -
Rotation Angle [*] 360 c - -
Elongation [um.m] 23368 Average — -
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5.2 Marking the Kiln Shell

Preferable the kiln shell is marked permanently to make repetitive measurement campaign efficient.
Mark the measurement positions (A,B,C with 120° to each other) on both sides of each tire.
Normally A is the zero or reference position around the circumference, which should be the same
reference as for other type of measurements as well.
For example the manhole position or the split of the girth gear can be used for defining the position
of point A.
If there is no permanent making and it has to be done during kiln operation, the Measurement
Studio gives the possibility to do that easily.

e Look for an area with low temperature, to avoid overheating of the Ovality Sensor

o Place the Ovality Sensor on the kiln shell, in line with the reference point (e.g. man hole)

e Click on Measurement / New / Kiln Marking

e The points to mark are shown in the graph and get highlighted when they reach the six

o'clock position
o Mark the kiln shell with a chalk stick with the corresponding letter A, B, and C

. . . Il 20150708 Kiin Marking Ltms - TomTeen-Toots Measurement Studio By
Fig.5.2.2 (Kiln Marking) [ re—— e
b TomTom-Tools Measurement Studio v m BHR-uv#Pe kY =
File | Measurements | Device Reports Tools Help B s Mk 1me
r~ | New » Ovality e Eacac comacid Fig.5.2.3
_ | KilnMagking | ( :
Overview =] Lag
Measurements Kiln Inclination 1
Qevéc}es Single Inclination a8 x B
et - 18° :-
Mespured by 1
Device !
Sk [ -
Aroconrad o
Ideretication 1138508
By —
Magnet Tem. 11
Meamaod Vaheos A
Rotation Angle [ %2
X Bongstion jamim] 20610
5.3 Place Tool on Kiln ~ o f o

In order to get a sufficient hold of the tool,
make sure the surface, where the
sensor will be placed, is free of
excessive corrosion and dust layers or
debris and local deformations

Note: Due to the fact, that the ovality is
most dominant under the tires, the
measurements should not been taken
too far away from them.

Distances within 1m...1.5m from the
tires are ok and give normally negligible
errors.

On the other hand, measuring close to
stiff tire fixation blocks can have an
impact on the ovality value.

e. Place the Ovality Sensor during normal operation onto the kiln shell at the marked position.
Respect the local safety rules and see the chapter 1.1 Safety.

f. To start the measurement, select the position to measure in the kiln schematic and push the
start button or F5 (see Fig. 5.3.2)
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Toreset the Important
window layout Messages
File  Measuremegts Device Reports Tools

r~ Ea » ’ '@? O] @Q H_ /_ Switch from Radar £y Sensor battery low -

to Linear Chart

/- Start Button / F5

_ _ —
2013-12-13 Ovali ood lete example).tms - Tom
ity P

Help

Ml overview 8 & X || RadarChart X | Line Chart ,| -
Measurements 0o
- 2013-12-13 Qvality (good complete example) tms
Devices

..... €3 Ovalty Sensor - connected = Pier 1 Downhill A

—— Pier 1 Downhill B
= Pier 1 Downhill C

[ ] == Pier 1 Uphill &

: H [ =— Pier 1 Uphill B

Mouse right click to change S e 1 uphil
from line to point graph []— Pier 2 Downhill A
Measuy| [] == Pier 2 Downhill B
[] == Pier 2 Downhill C

Plant Name: BExample [[] == Pier 2 Uphill &

. . [ | == Pier 2 Uphill B
Eauipmert: No 4 [ — Pier 2 Uphill ¢
Measured by: [] == Pier 3 Downhill A

= [] == Pier 3 Downhill B
Date Bzan @ ] — Pier 3 Downhill ¢
Tool 1D MNo: 11345096 [[] == Pier 3 Uphill &
K Rotaton: | - 1800 | | — Pier 3 Uphill B
Remarks: Kiln was in nomal operation Owvality Piers T x
Pier 1 Pier 2 Pier 3 Pier 4
Material low €
Toal: Owality Sensor -
Ovality Sensor o & x
Device il
Status Connected
Autoconnect O
Identffication 11345096
Battery: =
Magnet Temp. ['C] [ | A @ 0.53% © 0.64% o 017% 0 0.19% O 0.34% 0 0.49% o 0.29% o 03%
" 1 Values B ‘ 0.70% -:::‘ 0.45% -:::- 0.21% L:,' 0.18% -‘:,- 0.28% L:,' 0.43% ":,' 0.32% -‘:,- 0.32%
Rotation Ande [1 o c S061% © 038% ® 027% © 029% © 040% © 033% ® 035% ® 0.34%
Elongation [um/m] 230.80 Ll| Average O % 0.49% 0.20% 0.22% 0.34% 0.42% 0.32% 0.32%

i ] Select the position
Fig. 5.3.2 (Measurement Window) to be measured

g. The measurement will be taken, after the tool reaches the top point. The measured points
are displayed continuously until the tool reaches the second time the top point.

h. Remove the tool, when the measurement is taken. Do not let the instrument
unnecessary attached to the hot kiln, it might overheat after a while

54 Results

TomTom-Tools Ltd. does not provide guide lines about acceptable ovality values or limits.

It has to be discussed with the refractory suppliers, how much ovality can be allowed.

Out of experience the following table can be taken as an example but might need to be adjusted
to the specific case:

0.8 Falure
i LY '(ei‘ao,tor\; . ..-n'%
.0 . vl | E\R
. 39' (\SK a\
Fig. 5.4.1 > 04 -Wp'ff//'
T ¢ refractory
& o5 —— ea gfrea\;rfgii conetriction
put risk for
0.

3 4 5 6 7
Kiln Diameter [m]
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55 Temperature Resistance

The Ovality Sensor is made for hot applications; nevertheless it has to be kept as cool as possible
to prevent damages. The magnets are heat resistant up to 330°C. The electronic board in the
sensor is temperature resistant up to 65°C, therefore it is protected by the heat shield and by
insulators. If the internal temperature reaches 60°C or the magnet temperature reaches 300°C, a
warning will be given by the LED2 (yellow blinking) (see chapter 2.2). Also a pop up window in the
Measurement Studio will indicate the increased temperature. The measurement still can be
finished.

If the temperatures reach 65° in the electronic board or 330°C at the magnet, the tool will alarm you
(LEDZ2 red flashing and pop up window). In this case, the Ovality Sensor has to be removed from
the kiln and cooled down as fast as possible.

To cool down the tool, let it cool on the fresh air or by a ventilator (e.g. kiln shell cooling fan), never
use water.

The temperature of one of the magnets and the battery status are measured and displayed in the
right lower corner of the Measurement Studio

. o o X
Fig 5.5.1
ice
Status Connected
Autoconnect |
Idertification 11345056
Battery:
Magnet Temp. [T] . /_ Magnet
Temperature
6. REPORT
6.1 Export to Excel
All data can eaSi|y be exported to excel. rl:[ﬂ]: 2013-12-13 Qvality (good complete example).tms -
Fia.6.1.1 File | Measurements Device Reports Tools
19.6.1. Open oy -
," QB
Save
E‘\ Save As.. =
| Export to Bxcel... 1. |
Lo tms
Export selected data to Excel...
Close
Exit
6.2 Create areport

The measurements can be extracted into a report. All additional information from “Setting Window”
is included in the report as well.

Flg' 6.2.1 b 2013-12-13 Ovality (good complete example).tms - TomTom-T

File  Measurements Device | Reports | Tools  Help

r~ H > /a/ »::;_/_:.:—| Ii&late E{epu.rt L\\#'

o & X

TomTom-Tools GmhH Switzerland www.tomtom-tools.com info@tomtom-tools.com
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7. ANNEX

7.1 Typical Graphs

a. Low ovality:

Normal flattening on top

Moderate and symmetrical deflection
at contact with support rollers

b. High ovality:
Strong flattening on top
Ly Indication for high relative movement
Ly Tire shimming seems to be required

High, symmetrical deflection at contact with support rollers
b1.)In case A,B,C have similar shapes
Ly indication for possible overload due to
vertical misalignment of kiln axis

B2.)In case A,B,C have very different ovality and roller contact
Ly indication for cyclic overload due to crank in kiln shell
Ly need verification by roller shaft bending
measurement with IDM Tool Kit

c. Asymmetric roller load:
Ly Kiln axis is not aligned in horizontal direction

180

d. Tilted top area:
Ly particles and scuffing between
tire inner diameter and the tire plates

e. Inconsistent readings : 0 360
Ly In the blue reading, one of the middle magnets
lost the contact to the kiln shell.
Ly clean the magnets
and repeat measurement

Note:
Jumps in the graph might also be indications for insufficient
hold of the magnets.
Make sure, the magnets are clean and there is not
eccessive dust or corrosion on the kiln shell
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7.2 Ovality Report
TUT TomTom-Tools TomTom-Teols Ltd
E Q0 E Measurement Studio Switzerand
M M Version 2.4.3.131

Pier 1 Uphill

—
}h
[

) ’f f = 1 \i
' hy

-5
-B
150 0 30 a0 90 120 150 180 210 240 270 300 330 3&0
A 0.57%
B B 05%%
B c:o50%
Average: 0.55%
Pier 1 Downhill
&
4
300 > — | [ —

AT N |
270 :jﬂf \ / \t
240 \

0 30 &0 90 120 150 180 710 240 270 300 330 360

B A 055%
B: 0.34%

B c:o28%
Average: 0.39%

TomTom-Tools Ltd. Measurement Solutions info@tomtom-tools. com www.tomtom-tools.com
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