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Kiln Axis Alignment System

1 Introduction

The Kiln Axis Alignment system is an easy and fast way to verify the straightness of rotary
kilns or dryers. The combination of a modern Robotic Theodolite, the powerful software and
the unique Accessory Kit facilitate the measurement in a way that no longer special
surveying knowledge is needed; without compromise on accuracy.

The alignment check of the kiln axis is one of the most important measurements on rotary
kilns or dryers with more than two piers. The straightness of the kiln axis needs to be within
tight tolerances to minimize the stress in the kiln shell and to distribute the support loads
correctly among the different piers. Typical symptoms for misalignment are circumferential
cracks in the kiln shell (near middle tire) and issues with the bearings of the support rollers.

1.1 Safety

Rotary kilns and dryers, where this tool is typically used, are huge rotating equipment with
many pinch points and hot surfaces which can cause serious injuries. Therefore only
specialized and trained personnel shall work close to these machines. To use the tool, 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 plant 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 and not exhausted which include the experience from previous
measurement campaigns and might need to be adapted to the local safety requirements.
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Caution:

Laser Beam:

Laser radiation, do not stare into beam

Please consult the safety instruction in the manual of the Laser
Theodolite.

Magnet Fields:

Be aware of the strong fields of the magnets

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

Gloves:
Wear proper gloves to protect your hands from hot and rough surfaces
and sharp edges.

Hot Surface:
The kiln shell might be very hot. Do not touch it and keep sufficient
distance.

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.

Pinch Points:

Do not put your hands nor any items close or into pinch points
(e.g.kiln tires / support rollers, girth gear / pinion,...)

Keep safe distance to avoid getting caught by moving parts.
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2 Measuring Principle

The Kiln Axis Alignment System is a specialized surveying method which is based on
measured points in the 3D space on and around the kiln. The required points are measured
with a state of the art laser theodolite with robotic function; a so called Total Station.

e ./’/'/

The software, the Measurement Studio, fits ideal circles / ellipses into the measured points,
calculates automatically the centers of the tires and provides their deviation to a straight line.
This deviation of the actual kiln axis to the straight line is the value for how much the kiln is
misaligned.

In order to achieve the required accuracy of +/- 1...2mm, the kiln axis has to be measured
from both sides of the kiln; therefore two measurement locations (called stations) are
required.

For the calculation, two types of points need to be measured, the reference points to
combine / merge the different stations and the tire points to calculate the tire centers.

A great feature of the here used theodolites is the automatic target recognition (ATR), which
works perfectly with our target prisms and allow precise measurement without specialized
surveying knowledge.

The kiln axis can be measured during normal operation as well as in stopped condition

3 Supported Theodolites and Licensing

Up to now, the following theodolites (Total Stations) are supported: Leica TS60, MS60,
TS50, MS50, TS16, TS15. More brands and models will be added in future.

The TS60 is the recommended model due to its precision and tracking capabilities.

Make sure the GeoCom Robotic Interface is activated. Please contact your local Leica dealer
to get the activation key.

Needed: 827664 GeoCom Robotics TS/MS License key

Not needed yet 827663 GeoCom Imaging TS/MS License key

Not needed yet 827665 GeoCom Video Streaming TS/MS License key

Not needed 827666 Virtual GeoCom TS/MS License key

To activate your theodolite in the Measurement Studio please send the type and the serial
number of the theodolite to info@tomtom-tools.com. The activation of one theodolite is part
of the tool kit. The number of users and PCs is not limited.
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4 Measurement Setup

The proper setup of the kiln axis measurement is the key point where most attention should
be paid. Some kilns are easy to measure, because there is a free view to all the tires on both
side of the kiln. Some kilns are difficult to access because there are many obstacles like air
ducts and walkways next to the kiln.

If there is the chance, it is recommend to start and to become familiar with the axis
measurement system on a kiln which is easy to access.

4.1 Station (Location of Theodolite)

A station is the location of the theodolite where it is placed to measure.

Two stations are typically required to measure the kiln axis of a rotary kiln; one station to
cover the right side of the kiln and one station for the left side. In case the kiln is surrounded
with obstacles, which do not allow the free view from one station to all the tires, additional
stations will be required.

Finding the “best” stations is the key to measure the kiln efficiently with high accuracy.

The following points should be considered while searching for stations:
a) Is the place safe and free of dust
b) Isit not too hot for people or the theodolite?
¢) Can all kiln tires be seen?
d) Is the place stable, not vibrating and not affected by the people moving around?
Preferable measure from the ground or from concrete structures
Steel structures might not be sufficiently stiff

The picture below shows the typical setup:

Measured Points on Tire

Calculated Tire Center

Reference
Point

\.
Assistant with «ﬁ y-

Target Axle ?\
Main Operator with

Robotic Theodolite
and Tablet PC
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4.2 Reference Points @

The Reference Points, sometimes also called “common points” are heeded to merge the
measurement points from different stations to one complete 3D model. Therefore they have
to be placed where they can be seen / measured by the theodolite from all the different
stations.

Theoretically there are only 3 common reference points needed to merge two stations.

But each measurement of each point has a small inaccuracy of about 1mm, therefore it is
recommended to add more reference points, it will reduce the final inaccuracy of the merged
data. A good number of common reference points are 5. In case one got lost or shifted, there
are still 4 points left, which should be enough.

Please respect the following rules for the reference points:

a) Look for places which can be seen preferable from all the stations

b) The reference points should be distributed around the kiln area in a way that the
covered volume is as big as the kiln

c) The reference points should be spread around the station in different directions

d) Look for concrete and stiff steel structures

e) Be careful on high thin steel structures they might vibrate or are affected by wind and
changes of the sunlight

f) If there is the possibility attach the reference points on steel structures close to the
ground and concrete foundations where not much changes due to vibration and
thermal expansion are expected.

g) If reference points are attached to walk ways and platforms, make sure there are no
relevant changes while people are moving.

h) Do not attach reference points on crane structures in case it is in use, because the
position might not be stable

i) Make sure the base magnet is sticking sufficiently strong to the base material. In case
there is too much dust and dirt on the surface, clean it first to get sufficient magnetic
force

i) Attach the reference points to straight surfaces; do not attach them on round tubes as
railings or posts

Typical locations for reference points are:
e Kiln piers (toe plates on railing close to concrete)
e Structure of walkways near the kiln (close to concrete base)
e Main structure of pre-heater tower
e Large silos
e Strong posts of railing (close to concrete)
¢ Window or door frames of buildings
e Roof structures

Note:

In the beginning it might be a bit difficult and time consuming to find good stations and the
right spots for the reference points, but it is well invested time.
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The following pictures show a reference point, which consists of the following components:

1. Base Magnet
2. Prism Holder 3
3. Ball Prism

The Base Magnets are very strong to keep the position without any movement during the
measurement campaign. These Base Magnets could also remain at site, which would make
the next time the setup quick and easy.

The Prism Holders are attached by another magnet to the Base Magnets. The Prism
Holders maintain their center position and height, but can be turned freely around their
vertical axis. This allows the adjustment of the prism into the direction of the theodolite. The
45° shape of the Prism Holders gives a maximal range to the Ball Prisms.

The Ball Prisms are reflectors which send the laser beam from the theodolite back to it.
Therefore the prisms have to be directed toward the theodolite. The spherical shape allows
adjustments to the different stations without changing the position of the reference point,
which is in the center point of the ball.

4.3 Target Axle

The Target Axle is used to acquire points from the outer
diameter, the running surface of the kiln tires. The axle is
equipped with two ball prisms, the targets, whereof only
one is used for the measurement at the time. The ball
prisms are located in the center of the wheels, which
results in a constant distance to the tire center
independent on the position of the target axle. To
facilitate the acquisition of points over large areas around
the tire the target axle is mounted on a telescopic pole.
The target axle is placed by the assistant to different
positions around the kiln tires. Sidewise the prism in use
should be located approximately in the middle of the
running face of the tire.

Telescopic Pole

Target
(Ball Prism) | 4
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4.4 Bluetooth Intercom

The communication between the main operator at the theodolite and the assistant at the kiln
is crucial for safe and efficient work. Therefore the tool kit is equipped with Bluetooth
intercom headsets. The main operator can give easily instructions to the assistant where the
target axle should be placed to have a clear view from the theodolite.

Base Magnets

Long Range
Bluetooth
Adapter (USB)

Shaft Center
Adapter

Bluetooth
Intercom
Headsets

Prism Holder

Rotation
Adapter

45 Tablet PC

In the scope of supply of the Kiln Axis Alignment Tool Kit is the following tablet PC included:
(But any other PC which is running with Windows 7 or higher can be used)
Panasonic FZ-G1 with the following extras:
¢ Integrated TomTom-Tools Long Range Bluetooth
e Large Battery for long working time
e Water and dust resistant key board
(can be attached when required, e.g. for work in office)
¢ Mobility Bundle for easy carrying at site
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5 Software:
51 Software Installation:

The software (TomTom-Tools Measurement Studio), which is used  Softwares & Resources
for the Kiln Axis Alignment and for all others of our tools, is pre-
installed on the tablet PC and comes along with the tool kit 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. T
During any start of the Measurement Studio, it is checking for updates

if the computer is connected to the internet. In case of available Measurement Studio
upgrades the user gets asked if they should be downloaded and Size: 52 MB
installed. Downloads: 1372

Please keep your PC up to date.

)

5.2 Bluetooth Adapter

To ensure, the data connection between the different tools, here the theodolite and the PC is
reliable, even in the difficult environment around a rotary kiln, the tablet PC is equipped with
a Long Range Bluetooth adapter. In case you use another computer, it is recommended to
use the Bluetooth adapter (Parani UD100), which comes along with the tool kit.

Note:

e The TomTom-Tools are designed to communicate only with the generic Windows
Bluetooth Stack. If there is another Bluetooth software installed (e.g. Toshiba,
Widcomm, Intel, ThinkPad,...), deactivate it in the Device Manager as shown
below:

'{(—-\ ' 4 » Control Panel » II Control Panel ltems » v | 44 [ll device
FrTTE— e

File Action View Help

. / Devices and Printers
=y # Device Manager

View devices and printers & | m ‘ E | H TT'| LS l = &b
Add a device c =
§ Batt =
Change device installation settings g B,a ,:":s, Diavices
Add a Bluetooth device & ki I,c
Change Bluetooth settings < g Bt Radis
Sekinp USH ine coRbules . 3 :/Iicro;oft :Iuetooth E:umerator
-t hinkPad Bluetooth 4.0
n ! Device Manager .-{% Computer ‘ Update Driver Software... |
E & Update device drivers » ¢ Disk drives Disable a
- . ; .., Display adapters ﬁ
§| Biometric Devices : EQE DVD/CD-ROM drives e
s »- 8% Human Interface Devices Scan for hardware changes
:!6 }’Ste_m » g IDE ATA/ATAPI controllers A
= @ Device Manager . 2% Imaging devices Properties
E Troubleshooting >-&2 Keyboards [
| Find and fix problems with devices > B Mice and other pointing devices
. .I&| Monitors
.l!;t- Network and Sharing Center 48¥ Network adapters
-« Add a wireless device to the network .8 Bluetooth Device (Personal Area Network)
I oaas Af sl < -
View network computers and devices : ‘;g. Bluetooth Device (RFECOMM Protocol TDI) =

Disables the selected device.

‘ Media streaming options

AutoPlay
Change default settings for media or devices
Start or stop using autoplay for all media and devices

E

@5y Sound
k,/ Manage audio devices
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e Then plug the Bluetooth adapter UD100.
Windows will recognize the new hardware
and automatically install the suitable Windows driver Cap
(Windows generic Bluetooth)

e The Device Manager will show the following:
- Generic Bluetooth Radio
- Microsoft Bluetooth Enumerator
- the not required Bluetooth is down
(indicated by the small arrow at the Bluetooth icon)

r
=4 Device Manager

USB Interface

File Action View Help
e B E HE & E &Y
3 Batteries
2| Biometric Devices
4 -€) Bluetooth Radios
1) Generic Bluetooth Radio
B Microsoft Bluetooth Enumerator
€2 ThinkPad Bluetooth 4.0

6 Start the Tool:
6.1 Set up the Total Station

Shield the instrument from direct sunlight and the heat radiation from the rotary kiln.
Avoid uneven temperatures around the instrument.

a

‘1 a) Function keys F1-F6
’ b) Function keys F7-F12  h) Fn

! c) ON/OFF i) OK
R |~ d) Alphanumeric keys j) Arrow keys
T 1 e) Backspace k) Enter
\! f) Esc [) Favorites
¥ g) Home m) Camera

Step Description

1. Extend the tripod legs to allow for a comfortable working posture.
Position the tripod at Station 1 (as described in chapter 3.1).
Ensure that the tripod plate is roughly horizontal.

Fasten the tribrach and instrument onto the tripod.

Turn on the instrument by pressing the ON button (c).

Select Settings/TS instrument/Level & compensator to activate the electronic level.
4. Use the tribrach foots crews (a) to center the electronic level (b)

wn

For more details please consult the user manual of the Leica Total Station
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6.2 Connect the theodolite (Total Station) with the PC

11/24

Start the Measurement Studio on the computer by clicking on the icon. EatEus
To connect the theodolite or any other tool for the first time it has to be paired with the PC.

To do so, follow this sequence:

e Switch on the theodolite by pushing the ON button (c).

e Atthe PC, click on “Tools / Bluetooth Devices / Add a device”

e Wait until the tool got found

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

minute.

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

Fig. 6.2.1 (Add Device)

Bluetooth Devices..%

®
féi Options...

[} Projects
B Devices

Fig. 6.2.2 (Connect Device)
e The theodolite is added to the Device List

s TomTom-Tools Measurement Studio

File Project | Tools | Windows Help

o 2

!

T BT EITETS o

Add a deviﬁ Remove device

e To connect the theodolite, click on the “Connect” Button

s TomTom-Tools Measurement Studio

File Project Tools Windows Help Device

sz

WY, o | ¥
Overview -

DProjects m’
[ Leica TS |

Fig. 6.2.3: Main Parameter of Total Station
The main parameters are shown in the bottom
window at the left side.

The ball prisms which are used for the kiln axis
measurement are selected by default

Ball 30mm with the prism constant of
-11.3mm (Leica: +23,1mm)

Device
Status
Model
Identification
Firmware
Battery:
Temperature [*C]

Measured Values
Hz[]
VTl
Slope Dist. [m]

Target
Reflector
Hz Home Pos. []
V Home Pos. []

Add a device

Select a device to add to this computer.

Connected

MS60 | R2000

899923

Release 1, Version 0, Subversion 0
i
=S 29

164.936
94114
0.000

Ball 30mm (-11.3 k
0.000
0.000
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& TomTom-Tools Measurement Studio

7 Measurement:
. File | Project | Tools Windows Help Device
7.1 Open a new Project Add Measurement > | O Ovaliy
. . £ Kiln Marki
A new project file has to be generated B K;"‘ alr. ng
. . . . . A iln Inclination
by clicking on “Project / Kiln Axis” [ Projects _ o
) 2 Single Inclination
ED Devices
Fig. 7.1.1 < Kiln Shell Las o Roller Shaft Bending
\g. 7.L. [} Leica TS o Gear Runout
Leica T i~ Tire Wobbling
= Raw Data Acquisition
(3 Shell Runout
@  Kiln Diameters
) Total Station 72 Kiln Axis Y
7.2 Measure the Reference Points | —

The theodolite is placed at Station 1.
Now the reference points (common points) can be measured.
To do so, perform the following steps:

e Add a reference point in the software by clicking on the button “Add Reference Point”.

e To avoid any mix up of the reference points, it is recommended to change the name
of the reference point to a unmistakable name (e.g. preheater tower, pier 2,...)

e Direct the theodolite manually towards the first reference point. It has not to be
precisely therefore the rough finder on top of the theodolite or the laser pointer are
sufficient

e Make sure the ball prisms of the reference points are looking into the direction of the
theodolite

e Click on the Start Button (or F5)

e The theodolite will search for the prism and the first Reference Point will be measured
automatically. The coordinates are displayed in the table as shown in Fig. 7.2.3.

Fig. 7.2.1 (Add Reference Point)

& 2017_09_02 Kiln_1.tms - TomTom-Tools Measurement Studio o

File Project Tools Windows Help Device Project Measurement

FTERBE S % &HQF > 0@

Kiln
Add Reference Point |

Yaw([®] 310

0o

pitch 2] 14

Rt ol

=
Inlet =t = LO ]| ]

=
2
§
°
o

¥
b

&
o

Seled  Name

Station 1

Remarks

Fig. 7.2.2 (Activate the Laser Pointer) Dok Measuraran Shthe

Help Device Project

i 1 O

Fig. 7.2.3 (Reference Point 1 is measured): .

Rd N
Laser Pointer On |
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_lﬂlnﬂxisﬂeamremant
‘ Selet  Name
¢ B Station 1
a  Is Selected Target Name Meas Coord E Meas Coord N Meas Coord H
¢ @ (mm 1200 -1.941 0.332
Measure all the Reference Points by repeating the above mentioned sequences.
Fig. 7.2.4 (Start measurement of Reference Point 2)
Is Measurement Studio
lelp Device Project Measurement
# &b O TR O @ -
‘ Radar Chart | Kiln Start (F5) i 7
L_E'
cy o
)
Kiln Axis Measurement
Sel... Name
v 8 Station 1
a Is Selected T... Name Meas Coord E Meas Coord N Meas Coord H  Transform|
, (s] RP_1 11290 -1.941 0.332
@ RP_2

Tip: Save the file frequently

Fig. 7.2.5 (All Reference Points are measured)

#fs 2017_09_02_Kiln_1.tms - TomTom-Tools Measurement Studio — O X
File Project Tools Windows Help Device Project Measurement -
DERES &0 F > 0@ -

Overview B = n ‘ Radar Chart | Kiln | I N

[ projects -

- H¥ 2017_09_02_Kiln_1.tms View 2 m
77 Kiln Axis r =

[ Devices Yaw [°] 319 =

B) Leica TS _pich[7] 14 &

Measurement Settings

Measurement Name <MeasModel>

Measured By <. 7
Meas Date Time | 02.00.2017 -
B Kiln Axis Measurement a
| Sel... Name
: L] Station 1 ‘
a Is Selecte... Name Meas Coor... Meas Coor... Meas Ceor... Transform... Transform... Transform...
Remarks , o RRt 1.361 -2.016 0.418 '
o] RP_2 1.218 -5.579 0.751
(o] RP_3 -0.380 -6.226 0.660
o RP_4 -2.568 -2.929 1.120
cl RP_S -2.951 -0.091 1.305
|

2017_09... Measure...  Total Sta...

Targets ‘ Reference Points |
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7.3 Measure the points on the tires

To measure the required points from the outer surface of the tire, the Assistant is up at the
pier and holding the target axle via telescopic pole onto the tire, as described in chapter 4.3.

It is recommended acquiring about 5 points at each side of the tire.
Sometimes there are obstacles which do not
allow to measure as per recommendation.

In that case increase the number of points
where the access is given and review the
plausibility of the results in the radar chart
(described later)

The Fig.7.3.1 shows an example
of measured points.

The points on the left side

are measured from Station 1.
The points on the right side

are measured from Station 2
with restricted access.

Alternative
Pattern if
Access is
Recommended | limited
Pattern
/

Navigate in the Measurement Studio to the table with the tires by clicking on the Tap

“Tires”

e Select the tire which will be measured

e Get the confirmation with the assistant by Bluetooth intercom that he is ready, the
Target Axle is running stable on the tire and the prism is directed towards the
theodolite.

o Direct the theodolite into the direction of the target axle and start the measurement by

pushing the Start Button (or F5)

Fig.7.3.2 (list of tires with the select button)

Kiln Axis Measurement
Name Is Meas Target Kiln Coord X Kiln Coord Y Kiln Coord Z Diameter
v [ Tire 1 ]
Tire 2
Tire 3

i Reference Points
Tires 1}
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Fig.7.3.3 (coordinates of the first 3 measured points on tire 1)

s Measurement Studio = O X
elp Device Project Measurement >
k & O .
% & T >0 BE
Radar Chart | Kiln | | Start (F5) ‘ x
oy == = View A |
o 4 --:
N — \
’ Yaw [°] 319 =
pitch [2] |14 =1

Kiln Axis Measurement

Name | Is Meas Target  Kiln Coord X Kiln Coord Y Kiln Coord Z Diameter
v+ B Tire 1 / X Pos Ref / Axi... @
2 Kiln Co... Kiln Co... Kiln Co... RefSta... RefSta.. RefSta... Measur... Measur... Measur... Enabled

+ 0.001 0.448 0.061 -0.034 1.036 1.036 -3.278 -0.034 V!

0.004 0.288 0.347 -0.189 1.296 1.296 -3:153 -0.189 4

Click here to show 0.008 0031 0449 0444 1391 5 1391 3103 0444 v
or hide the Tire 2 [s)

measured points Tire 3 o /

/

Coordinates of
points on tire 1

When tire 1 is measured, select Tire 2 and measure the points at tire 2 the same way.
Save the file (preferable under a new name)

Fig.7.3.4 (select Tire 2)

Is Measurement Studio

lelp  Device Project Measurement
Js
#* & O T D O -

Kiln Axis Measurement

Name Is Meas Target  Kiln Coord X Ki
B Tire 1 / X Pos Ref / Axi... o 0.000 0
2 Kiln Co... Kiln Co... Kiln Co... RefSta... RefSta... Ref
» -0.007 0.448 0.061 -0.034 1.03
-0.004 0.288 0.347 -0.189 1.29
0.000 0.031 0.450 -0.444 1.39
0.005 -0.291 0.345 -0.768 1.29
0.006 -0.359 0.274 -0.837 1.23
1 Tire 2 c
Tire 3 ) %

Click here to
select Tire 2
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Fig.7.3.5 (First measured point on Tire 2)

Kiln Axis Measurement ]
Name Is Meas Target  Kiln Coord X Kiln Coord ¥ Kiln Coord Z Diameter
B Tire 1 / X Pos Ref / Axi... 0.000 0.000 0.000 0.901
o Kiln Co... Kiln Co... Kiln Co... RefSta.. RefSta.. RefSta... Measur... Measur... Measur... Enabled
» 10.273 0.330 -0.144 -0.034 1.036 1.036 -3.278 -0.034 W
0.004 0.451 -0.003 -0.189 1.296 1.296 =3.153 -0.189 ¥4
-0.214 0.369 0.147 -0.444 1.391 1.391 -3.103 -0.444 W
-0.361 0.084 0.257 -0.768 1.299 1.299 -3.141 -0.768 W
-0.366 -0.014 0.265 -0.837 1.235 1.235 -3.170 -0.837 W
: 1¥)
. : I"Kiln Co... RefSta... RefSta... RefSta... Measur... Measur... Measur... Enabled
0.554 -0.669 0.894 0.894 -2.622 -0.669 W

When Tire 2 is measured, continue on the remaining tires

The list will be filled as shown below:
Fig.7.3.6 (All tires are measured from Station 1)

Kiln Axis Measurement

Name Is Meas Target  Kiln Coord X Kiln Coord Y Kiln Coord Z
» |8 Tire 1/ X Pos Ref / Axi... | . 0.000 0.000 0.000
a Kiln Co... Kiln Co... Kiln Co... RefSta... Ref Sta... RefSta... Measur... Measur...
» -0.007 0.448 0.060 -0.034 1.036 1.036 -3.278
-0.004 0.289 0.346 -0.189 1.296 1.296 =3:153
0.000 0.032 0.449 -0.444 1.301 1.391 -3.103
0.005 -0.290 0.346 -0.768 1.299 1.299 -3.141
0.006 -0.358 0.275 -0.837 1.235 1.235 -3.170
B Tire 2 / Axis Ref 2 . 0.645 0.000 0.000
2 Kiln Co... Kiln Co... Kiln Co... RefSta... RefSta... Ref Sta... Measur... Measur...
» 0.645 -0.196 0.205 -0.669 0.894 0.894 -2.622
0.645 -0.086 0.270 -0.559 0.953 0.953 -2.596
0.645 0.014 0.283 -0.459 0.965 0.965 -2.592
0.645 0.130 0.252 -0.343 0.937 0.937 -2.607
0.646 0.233 0.162 -0.240 0.855 0.855 -2.646
& Tire 3 @
2 Kiln Co... Kiln Co... Kiln Co... RefSta... RefSta... RefSta... Measur... Measur...
» 0.849 0.261 0.101 -0.210 0.714 0.714 -2.488
0.849 0.186 0.209 -0.284 0.811 0.811 -2.441
0.848 0.027 0.279 -0.444 0.874 0.874 -2.410
0.848 -0.154 0.234 -0.625 0.833 0.833 -2.427
0.848 -0.109 0.258 -0.580 0.855 0.855 -2.417

until all are measured

Diameter

0.901
Measur...
-0.034
-0.189
-0.444
-0.768
-0.837

0.566
Measur...
-0.669
-0.559
-0.459
-0.343
-0.240

0.561
Measur...
-0.210
-0.284

-0.444
-0.625
-0.580

Enabled
4

BREER

Enabled

=

REE"

Enabled

g

BERA

The points from the tires can be visualized in the Radar Chart where possible errors can be

identified.
Fig.7.3.7 (Radar Chart shows measured points on tires)
Radar Chart | Kiln
0
30 0.03- 1330
60 300
90 270
120 240

150

210
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7.4 Relocate the theodolite to Station 2

To reach the required accuracy, the kiln has to be measured from the other side as well.
e Therefore move the theodolite to the second Station and set it up properly
e Adjust the ball prisms of the Reference Points that they are now directed to the
theodolite at Station 2
¢ Add in the Measurement Studio a new Station by clicking on the button “Add Station”

Fig.7.4.1 (How to add a new Station)

ms - TomTom-Tools Measurement Studio - O X

felp Device Project Measurement

w‘kc&:hoj.rb 0]

Add Station i
Kiln Axis Mea: -

7.5 Measure the Reference Points from Station 2

e Select Station 2
e Select the Reference Point to be measured
e Direct the theodolite towards the selected Reference Point and click the “Start Button”

Fig.7.4.2 (Select Station 2 and the Reference Point to be measured)

#* & O T D 0=
Kiln
Kiln Axis Measurement

Station 1

Select  Name
B
=] Station 2

a | Is Selected Target Name Meas Coord E Meas Coord N Meas Coord H Transform Error E - Transform Error N Transform Error H
RP_1 1.293 -1.959 0.419 0.000 0.000 0.000
o RP_2
RP_3
RP_4
RP_35

e Verify the quality of the Reference Points when all are measured from Station 2.
The deviation which is shown in the list as Transformation Errors should not be
greater that 1mm per point. Otherwise the respective Reference Point should be
disregarded for the merger of the coordinate systems.

e Save the file again (preferable with a new name)

Fig.7.4.3 (Transformation Errors of the Reference Points)

Kiln Axis Measurement

Select  Name

r B Station 1
o [s Selected Target Name Meas Coord E Meas Coord N Meas Coord H Transform Error E  Transform Error N Transform Error H
» RP_1 1.361 -2.016 0.418
RP_2 1.218 -5.579 0.751
RP_3 -0.380 6.226 0.660
RP_4 -2.568 -2.929 1.120
RP_5 -2.951 -0.091 1.305
a Station 2
o Is Selected Target MName Meas Coord E Meas Coord N Meas Coord H Transform Error E  Transform Error N Transform Eyor H
RP_1 1.293 -1.959 0419 0.000 0.000 0.000
RP_2 0.692 -5.473 0.752 0.000 0.000 0.000
RP_3 -0.976 -5.910 0.662 0.000 L‘\ 0.000 0.000
RP_4 -2.722 -2.358 1.120 0.000 0.000 0.000
RP_5 -2.737 0.504 1.304 0.000 0.000 0.000
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7.6 Measure the tires from Station 2

e Select the tire to be measured in the list
e Measure the points with the help of the target axle as described above
e The values of the tires will appear in the list
e The orange background is indicating the points which are measured from the current

Station

e The measurement is finished when all tires are measured from both sides

Fig.7.6.1 (complete table with 3 tires measured from both sides)

Kiln Axis Measurement
Name Is Meas Target
B8 Tire 1 /X Pos ...
a | Kiln Coord X Kiln Coord Y

» (33.943 2.962
33.639 5.287
33.822 6.136
36.351 3.013
36.555 3.824
36.549 5.015
36.285 6.035
36.003 6.545

B Tire 2

a  Kiln Coord X Kiln Coord Y

» [ 15.879 3.609
15.929 4.528
16.056 5.185
16.387 5.865
18.549 2.235
18.629 2.587
18.771 4.011
18.499 5.341
18.330 5.628

» B Tire 3 [ Axis A...

Kiln Coord X
0.000

Kiln Coord Z
-20.814
-21.110
-20.716
-17.251
-16.925
-16.855
-17.183
-17.543
21.561

Kiln Coord 2
-9.033
-8.940
-8.683
-8.177
-5.042
-4.838
-4.599
-5.009
-5.183

40 No4

a Kin CoordX | & Select Anchor Tirs...

+ 0.890 1.570
0.728 2.001
0.593 2.702
0.625 3.657
0.688 4.352
3.330 1.604
3.538 2.576
3.535 3.577

1.903
1.694
1.514
1.503
1.751
5.421
5.810
5.840

Kiln Coord Y Kiln Coord Z Diameter
0.000 0.000 5.304
Ref Stationing ... Ref Station Co... Ref Station Co...

2.962 -20.814

5.287 -21.110

6.136 -20.716

3.013 -17.251

3.824 -16.925

5.015 -16.855

6.035 -17.183
-17.543

( -0.006 0.002 ) 5.311
Sakbialionk Sakblati Ref Station Co...

3.609 -9.033

4.528 -8.940

5.185 -8.683

5.865 -8.177

2.235 -5.042

2.587 -4.838

4.011 -4.599

5.341 -5.009

5.628 -5.183

0.000 0.000 5,309
I Ref Stationing ... Ref Station Co... Ref Station Co...

1.570 1.903

2.001 1.694

2.702 1.514

3.657 1.503

4.352 1.751

1.604 5.421

2.576 5.810

3.577 5.840

Station1Coord X Station1Coord Y
35.088 4.539
Measured Coor... Measured Coor... Measured Coor...
-2.116 -21.296 2.659
-1.963 -20.898 4.984
-2.254 -21.222 5.834
-25.679 13.805 10.694
-25.344 13.993 11.505
-25.275 13.984 12.696
-25.615 13.736 13.715
-25.987 13.470 14.225
17.328 3.788
Measured Coor... Measured Coor... Measured Coor..
-20.053 -0.321 3.300
-20.118 -9.404 4.220
-20.304 -9.621 4.876
-20.640 -10.124 5.557
-14.307 -4.543 9.911
-14.100 -4.473 10.264
-13.854 -4.342 11.688
-14.277 -4.595 13.018
-14.458 -4.756 13.305
2.064 3.153
Measured Coo... Measured Coo... Measured Coo...
1.903 0.890 1.570
1.694 0.728 2.001
1.514 0.593 2.702
1.503 0.625 3.657
1.751 0.688 4.352
-4.560 -20.230 9.278
-4.162 -20.041 10.250
-4.132 -20.045 11.250

18/24

Station1Coord Z

-19.017
Enabled

-6.815

.. Enabled

3.677
Enabled

REERERE R

HEEEARE E
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Targets | Reference Points
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8 Evaluation of the Results

8.1 Selection of the Anchor Points

The Anchor Points are two points of the kiln axis which are considered as fix and will not be
changed. In our example we select the tire 1 at kiln inlet and tire 3 at kiln outlet.

Typically the drive of the kiln is near the inlet tire; therefore special attention has to be paid to
any corrective moves at the inlet tire because it will affect the gear mesh.

e To select the Anchors click the right mouse button and open the selection window
Fig.8.1.1 (Anchor Selection Window)

N i : iln Coor
Anchor Tire Selection u :
a .000
Axis Center Anchor 1 Pier 1 = n Coorg
Axis Center Anchor 2 Pier 3
XPos Anchor Pier 1
Number Name XPosition |
1 Pier1 L
2 Pier2 L,P 21.5609785310978
3 Pier3 40.0943540703609
ouizow
36.003
& Tire 2 = | 0.002
= Kiln Coord X TTRMTOOrTY RITCooraZ | Rer S@uoninyg Coora X Rer Station Coorg
15.879 3.609 -9.023 3.609

8.2 Deviation of the Kiln Axis

The deviations of the tire centers from the straight line between the two Anchor Tires are the
results of the Kiln Axis Measurement.

Our example kiln has only 3 tires whereof the middle tire is the one which is deviating from
the straight line between the selected Anchor Tires 1 and 3.

The deviation values can be found in the table Fig.7.6.1.

To get a better overview, the tire points can be hided.

Open the Radar Chart to verify how precisely the measured points are matching with the
fitted circle / ellipse.

Fig.8.2.1 (Radar Chart of measured tire points, with fitted circles and tire centers)

Kilr

180
Kiln Axis Measurement
Name Is Meas Target Kiln Coord X Kiln Coord Y Kiln Coord Z Diameter Station1Coord X Station1Coord Y Station1Coord 2
@ Tire 1 / X Pos An.. 0.000 T Lo 5.304 35.088 4.539 19.017
1 B Tire2 @ 21.561 -0.006 0.002 5311 17.328 3.788 -6.815
@ Tire 3 / Axis Anc... 40.094 L 5.309 2.064 3.153 3.677

Targets | Reference Points
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As shown in the table, the tire 2 is 6mm low and 2mm misaligned towards the right side.
The coordinate system in the lower left corner is indicating the Y and Z directions which are

important for the axis alignment.
e Positive Y-values are indicating that the tire is too high

e Positive Z-values are indicating that the tire is towards the right side (view from Inlet)

Fig.8.2.2 (3D view of kiln with coordination system)

Radar Chart | Kiln

Tire 3

View &
Yaw[?] 311 =
Pitch [°] 119 =
Kiln &
Rotation [*] 236 #
Inlet Speed [rpm] 10 s
Diiy
Gear Visible [
Kiln Axis Measurement L
" Name " Is Meas Target "Kiln Coord X "Kiln Coord Y Kiln Coord Z " Diameter  StationiCoord X StationiCoordY  StationlCoord Z
| (@ Tire 1 / X Pos An... o 0.000 - - 5.304 35.088 4,539 -19.017
[»® Tire 2 @ 21.561 -0.006 b 0.002 5.311 17.328 3.788 -6.815
| @ Tire 3/ Axis Anc... 0 40.004 5.300 2.064 3.153 3677

Targets | Reference Points |
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9 Dimensions

9.1 Target Axle
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9.2 Prism Holder
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9.3 Base Magnet
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9.4 Rotation Adapter

9.5 Shaft Center Adapter
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10 List of Components
The following items are included in the Kiln Axis Alignment Kit:
Item Name Pieces
1 | Transport case with foam cushioning 1
Peli 1555 Air, 63 x 40 x 21cm, black
2 | Target Axle with magnetic target holders 1
for target ball diameter 30mm, wheel diameter 150mm
3 | Shaft Center Adapter 2
with heat resistant magnets
4 | Allen Key 4mm for Shaft Center Adapter 1
5 | Rotation Adapter for target holders 2
6 | Prism Holder 10
45° design, height 30.8mm, for ball diameter 30mm
7 | Ball Target with triple prism (stainless steel) 12
ball diameter 30mm, reflector diameter 17.5mm
prism constant: -11.3mm (Leica: +23,1mm)
8 | Base Magnet (stainless steel) 10
diameter 33mm, height 10mm, magnetic force ~400N
9 | Bluetooth Intercom Headset 2
10 | Battery pack for Headset 4
11 | Battery charger for Headset including USB cable 2
12 | USB power adapter (100-240 VAC), 1
13 | Long range Bluetooth antenna for head set 2
14 | Long range USB Bluetooth adapter, Sena Parani UD100 1
15 | USB flash drive with software and manual 1
16 | Telescopic Pole for target axle (made of high strength carbon fiber tubes) 1
lengths: collapsed: 154cm, fully extended: 675cm
17 | Protection tube casing for Telescopic Pole 1
length: 163cm, diameter 6cm
18 | Transport bag for Telescopic Pole 1
(with sufficient space to accommodate the tripod from the theodolite as well)
19 | Industrial 10.1” Tablet PC (Panasonic FZ-G1) with pre-installed software 1
including integrated TomTom-Tools Long Range Bluetooth
large battery pack, transport bundle and large corner guards
20 | Charger for Tablet PC (100-240 VAC), 1
21 | Industrial Key Board for Tablet PC (English) 1
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