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Measurement Tools for the Cement Industry




Agenda

1. About TomTom-Tools
2. Kiln Calculator
3

. Online Devices for continuous condition monitoring
Shaft Temperature Sensor
* Creep Monitor
e Crank Monitor + Crank Elimination System
e Travel Monitor
e Thrust Load Meter

4. Handheld Devices for periodic condition monitoring
e Thrust Load Meter BT

* Shell Thickness Meter (NEW)

* Kiln Axis Alignment System + Tablet PC

» Ovality Sensor

* Inductive Distance Measurement (IDM) Tool Kit

e Measuring Wheel

e Rotary Inclinometer

» Kiln Shell Laser + Rotation Trigger

» Telescopic Contact Thermometer
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About TomTom-Tools Ltd.

Founded mé.?ﬂe' 7, the tools are now.in about 70 countries in use
”;?::u ) P ] (.‘L3~ . | VN

Y Ny il

<t "1 TomTom-Tools Ltd. oo, A4
Zelgli 20, 8905 Arni
Switzerland
tomtom-tools.com |
info@tomtom-tools.com

Head Quarter:\‘“é,;,,\\Arni, Switzerland
Branch: Curitiba, Brazil




The Kiln Calculator is an easy-to-use online tool to
calculate and visualize the stresses in a rotary kiln

Shell bending stress [N/mm?] Tire bending stress [N/mm?] Roller shaft stress [N/mm?]
-35.00 Longitudinal 35.00 -35.00 Circumferential 35.00 -400.00 Cyclical von Mises  400.00
—— " EE—— e EE— C —

3D Model shows
stresses and
deflections

T -O-Tire Deflaction -O- [3pa?
" -0 Shell Deflection
(e A Tire Center

Creep
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Online Devices for continuous condition monitoring
Mechanical Kiln Monitoring System (MKM2)

Reliable Sensors with precise data conditioning are the prerequisite for
machine learning and artificial intelligence according to Industry 4.0.

The online devices from TomTom-Tools provide the required information in a
simple and easy way

The following new designed options are available:

©)

o O O O

Shaft Temperature Sensors

Creep Monitor

Crank Monitor + Crank Elimination System
Travel Monitor

Thrust Load Meter

These options are available independently but can also be combined to the
new state of the art MKM System of the 2"d generation

T|T
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The Shaft Temperature Sensors immediately react in
case of problems with the bearings of the support rollers

One Sensor is
measuring the
temperature of| =
the roller shaft

The other sensor
IS measuring the
temperature of
the Thrust Collar




The Creep Monitor alerts operators of low clearance
between tire and kiln shell

The Gear Sensor The Tire Sensor
provides the information provides the information
about the kiln rotation about the tire rotation

Creep Monitor

“mmirev

he controller compares m

the kiln rotation with the
tire and calculates the
creep in mm/rev




The Crank Monitor alerts operators of dangerous
overload in the kiln piers

The controller analyses
the signal from the two
w— sensor and calculates
the crank in mm and the
angular position in ° deg

The Roller Sensor measures The Reference Sensor
allows to calculate the

the deflection of the roller shaft " : T|T
position of a possible crank| [7io[o|Lg]




The patented Crank Elimination System is able to stop
dangerous cranks by selectively cooling the kiln shell

The system is used when:

» Stabilizing the process conditions and the coating formation can not sufficiently
reduce the presence of thermal cranks

» Kiln tires and shafts of support rollers develop cracks frequently

These additional shell cooling fans
near the middle tire are ON, when
the crank is passing them,

and STOPPED, whe_:n the crank is The Crank Monitor is used to control
at the opposite side the Crank Elimination System ggg
MM




The Travel Monitor provides operators reliable
Information about the axial kiln travel position

The controller analyses
the signal from the two
sensor and calculates
the kiln position in mm

The Reference Sensor
allows to calculate the
position of the kiln

The Travel Sensor
“scans” the side surface
of the girth gear

Travel Monitor

mm

-
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The Thrust Load Meter alarms the operators if a
bearing gets too much axial load

| The output signal comparison
| of the different sensors

identifies overloaded bearings



The Thrust Load Meter BT provides an easy and fast way
to know the axial load distribution among the Support rollers

@

bl { 0.26":,.""{ OM
Roller right e
== |

Thﬁrﬂ;t Load MAé'ter BT

5..12VDC

Tool kit contains a pair (2 units) of
Thrust Load Meters, to measure both
support rollers at the same time

T|T
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Thrust Load Meter mounting options on the axially
loaded bearing housing

Example 1
Side Mounting

Axial Load

.\ | caused by roller
skewing

The Thrust Load Meters BT are attached by magnets
to the axially loaded bearing housing




@ The Shell Thickness Meter measures the thickness
of the kiln shell during normal operatlon condltlon

EMAT Sensor Reference
Not in contact Flags

with kiln shell
(2mm gap)

Wheels rolling
on the kiln shell

Measuring Principle:
Electro Magnetic Acoustic Transducer (EMAT)
Accuracy: < 1mm

10 Measurements per second

T|T

Telescopic Pole 3SE|




@ The position of the thickness measurement can be
tracked with the help of the two Reference Flags

Reference Flag

Reference Flag

| |
| ~ |
A B, e, ik O o

b I e e e I
0 2 4 6 8 16 18 20 22 24 26 28 30 32 34 35 36 38 46 48 49 50

The measured thickness values are streamed, together with the position to a
Tablet PC, where a 3D model of the shell thickness is generated

TIT

T|o[o[Ls]
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Fast and precise system to measure the kiln axis by
using a target axle and a robotic theodolite

N
f
|

|

N

Reference
point for
| stationing




Kiln Axis Measurement System Overview
Typically only 2 locations of the theodolite are sufficient

Center measurement
of Thrust Roller

Calculated
kiln center ®

an
v,

>:=<" g;k /:;
D / D /ﬁ\“

| o8

— A
—3
"

/i
?r

Reference point

Assistant with
Target Axle

Main Operator with
Robotic Theodolite
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The ball reflectors make the measurement easy,
precise and fast

The target catching
function of the
theodolite find and
measure the targets
quickly.

It does not require
precise targeting by the
operator

WA e

Target Axle
on kiln tire

Reference point
distributed around the kiln
for re-stationing of theodolite

Target on shaft center with Rotation Adapter




The results of the measurement is the value how much to
move the rollers to get the kiln straight

Kiln Axis deviation:
Expected center determination accuracy: +/- 1mm

(depending on accuracy of theodolite)

Side View
. 1 1
- b—4—
s s
New: Center
Top View  |of Thrust Roller N




The TomTom method for kiln axis measurement
brings several advantages

Independent if kiln is in operation or stopped
Very precise due to automatic target recognition and measurement
Using ellipse fit calculation for the tire centers instead of a circular fit
Easy to measure,

no specialized geo surveying knowledge required

1...2 days training is sufficient

Low number of sources for errors
Fast

A kiln with 3 piers can be measured easily within halve a day, traditional
methods require up to several days

Diameter of rollers and tires have not to be measured

Typically only two positions of theodolite are required
Easy to analyze

The results are immediately visible in the PC

Possible erroneous measurements can be repeated at the spot

No transfer to other software required

Unmistakable visualization in 3D T|[T
The data can easily be shared and distributed via e-mail MM




Kiln Axis Alignment Accessory Kit, includes all
special components to measure the kiln axis

2x Shaft Center
Adapter

2X Base
Magnets with
Hair Cross

2x Radio

Intercom

Target Axle

Headsets

Long Range Placing Fork || Ball Swivel || 360° Prism Magnet Center Piece 2x Spare
Bluetooth ‘ ; ' B3\ P Remover small, for Batteries for
Adapter (USB) +Spanner target axle [ Headsets

2X Rotation
Adapters

10x Ball Prisms
with Holders

USB Flash Drive
with Software

T|T

T|o[o[Ls]
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Example: Kiln axis alignment measurement,
correction and confirmation

Day 1: Day 2:

» Measurement of kiln axis » Performed Correction:
» Deviation detected Left roller of pier 2 was moved by
(Tire 2: 4mm left, 7mm down) 6.7mm towards kiln center
» Recommended correction: move left roller « The kiln axis was measured again
of pier 2 by 8mm towards kiln center and found well within tolerance
Radar Chart - View from Inlet | Kin | - Radar Chart - View from Inlet | Kin | -
0 D
30 —ond 330 ;rE; ;rE;
[]Tires [] Tire3
&0 300
50 :I — 270
120 240
150 T 210
180
Kiln Axis Measurement o Kiln Axis Measurement i |
Mame IsMe... KinCoordX [m] KinCoordY [m]  KinCoord Z... ... voo|ene | o Mame IsMe... |KinC... |KinC... |KinC... |Diame... Stato... State... Stato...
E Tr... @ 0.0 0,000 0,000 SO [P O v E Tir... [ 0.000  0.000 5275 51 1230  -37.7%6
P ETre2 () 20.8 -0.007 0.004 Trez () 208 -0.003 0.001 5278 -1.4 1,855  -17.973
Tir... O 474 0.000 0.000 v | | wmn | wma Tir... O 474 0.000 0.000 @ 52#5 9.6 2651 7.290




Industrial Tablet PC, Panasonic TOUGHPAD
FZ-G2 with Long Range Bluetooth

e This rugged tablet PC is customized to match perfectly to
the kiln measurement tools




Ovality on Kiln Shell, Focus Areas

Deformation at Rollers

Deformation on Top

TIT
T|oflo[LS]

Ovality Sensor MIIM




Ovality Sensor On YouTube

Caution Hot!

Ovality Sensor

MM


http://www.youtube.com/watch?v=ynnLdEc_YIQ




Ovality Sensor

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.

T|T

T|o[o[Ls]
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Measurement Positions Along the Kiln

Ovality Sensor

The Ovality typically is measured at 3
positions on both sides of each tire

The position “A” typically is in line with
the reference of the kiln, often the
manhole is used as reference

The Ovality Sensor should be placed
close to the tire, where the ovality is the
highest

Make sure the contact surface is clean
enough that the magnets are able to
keep the tool in position

T|T

T|o[o[Ls]
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Measurement Studio / Ovality

i 2009-12-16 Abnahme Untervaz.tms - TomTom-Tools Measurement Studio

File  Measurements Reports Window  Help Ovality Polar Diagramm
+* I |E\rents 7
L v"
-16 Abnahme Untervaz tms og 7
i
Radar ‘,
- - .J
Main Function Chart v
v"
Buttons v
i
i
i
H i
Kiln -
1 v
Overview -
, \ ;
Ovality Piers \ v
Pier 2
Ovality Measurement Settings ~ o
Flant Name: Eample 47 5
TINETEE 1 Owality Polar Diagramm | Ovality Line Diagramm |
Measured by: Wilhelm Tell -
Date: 20,01 2010 E
Tool ID No: 09256027
Uphill Downhill Uphill Downhill Uphill Do a2
Remarks: Kiln in normal operational . . . . . - - = hd
condition. no abnomalities A @ 0.17% el @ 0.36% @ 0.15% @ 0.19% ) - )
© 0.22% [ © 0.26% © 0.2% © 0.27% [ @)
C © 023% [ © 0.25% © 0.28% © 0.14% [ @)
Toal: TomTomToolsMeasurementS ~ Average 0.21% — — 0.20% — 5
< | 3
| = N Measurement .
. Results o[ o|LS]
Ovality Sensor MIIM




Correct Shimming of the Tire is the Key

Too thin shims increase the ovality

Too thick shims can lock the tire

- Brick failures

- Shell constriction

T|o[o[Ls]

MM

Ovality Sensor



Inductive Distance Measurement (IDM) Tool Kit

The IDM Tool Kit is a multi purpose
measurement tool.

Typically it is used to check the
condition of rotating parts during
operation (e.g. on Rotary Kilns, Dryers,
Ball Mills).

It measures variation of distances of
moving metal surfaces without contact
with high accuracy and high speed.

It can be considered as a contactless
dial gauge

T|T

T|o[o[Ls]
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Inductive Distance Measurement (IDM) Tool Kit

Inductive
Sensor

IDM3 Controller
with Bluetooth
connection

IDM Tool Kit in
Transport Case

Magnetic
Stand

T|T

T|o[o[LS]
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Run-Out Measurement of Girth Gear

 The measured values are not affected by oil, grease or dust

» Continuous as well as interrupted surfaces can be measured
(Note: Sampling rate has to be adjusted according to rpm and surface type)

Axial Sensor
1(on side face) S
v ".- '

|Inductive .
Sensor / ~ :
; ==

e

Kiln
Girth Gear

IDM
Controller

Radial Sensor
(on tooth tip)

IDM Tool Kit, Gear Run-Out



Line Chart; Axial + Radial Values

( b 2012-05-28 Gear Runout.tn
File  Measurements Reports  Tools  Help
b =

Creerview » L/ LineChart
£ Measurements
¢ LB0TEI5 3 Gear Aunout tms!

@ Radial Measurad
—— Radial Gear Runout
—— Axial Measured

Measured
Values

Radial: Sensor @30mm [mm]
[ww] wwgee Josuas ;|emxy

Remarks

T
-720 -180

— Calculated
 <Tite> Line Chart | Radar Chart | Results

Gear Runout

Plant Mame: Hallystone

Equipment: Kilm 1 Radial Measurement

Measured by: John Denver Eccentricty:  2.8mm Pealk at:

o, m Total Run-Out: + 4. 56mm Roundness Deviation:

Tool 1D Ne: 28836 Channel 1
Scaling: Sensor a30mm Physical Channel: ail Meas. Value: —-mm

Remarks: Kilm was in nomal operation

& 4pm
Auial Measurement

Wobbling: + 2.02mm Peak at:
Tetal Run-Out: + 2 74mm Straightness Deviation:

Channel 2
IDM Tool Kit GeaScR'ldrEEaMESDﬂm Physical Channel: ai2 Meas. Value: -mm




Radar Chart: Radial Values

(b 2012-05-28 Gear Runout.tms - Ta

File  Measurements

b @ [

Reports  Tools  Help

Cverview

- q

Radar Chart

£ Measurements

-12012-05-28 Gear Runout tms!

Remarks

Centre of
rotation

Values

Measured

<Title>

Plant Name:
Equipment:
Measured by:
Date:

Tool ID No:

Remarks:

Hallystone
Kiln 1
John Denver

28.05.2012 E-

28836

Kilm was in nomal operation

@ 4pm

-

IDM Tool Kit

Ideal Circle

(with eccentricity)

Centre of
Girth Gear

Line Chart Radar Chart

Gear Runout

S —

Radial Measurement
Eccertricity:  2.8mm
Total Run-Out: + 4. 56mm

Channel 1
Scaling: Sensor a30mm

Auial Measurement
Wobbling: + 2.02mm
Tetal Run-Out: + 2. 74mm

Channel 2
GeatcRidrsutbaomm

/

Peak at:

Roundness Deviation:

Physical Channel: ail

Peak at:

Straightness Deviation:

Physical Channel: ai2

Calculated
Results

Meas. Value: -mm

Meas. Value: -mm




Run-Out Definition

Eccentricity & Roundness Deviation -  Total Run-Out
o°
]
© 90 F f\$ 270° 90° 270°
x “\J
=
180°
Wobbling & Straightness Deviation -  Total Run-Out
— i=-— A S — -
. «
X
«

IDM Tool Kit, Gear Run-Out M|M



KILN GIRTH GEAR AND TIRE: RUN-OUT LIMITS
M: Module [mm]

NOTE: FOR KILN TIRES, THE SAME WWOBBLE D: Diameter [mm]
(+/-) [mm] As Installed Re-Alignment required Eccentricity &
0
Eccentricity (radial) | 0.035 M 0.0875 M _
®
Wobble (axial) 0.00015D -0.25 |0.000375D - 0.25 -
®
Example: Beispiel
Measured Eccentricity: +/- 2.6mm 180°
Module: 40mm Wobbling &

Measured Wobble: +/- 1Imm
Diameter: 7000mm

As Installed:
Eccentricity: 0.035 M = 0.035 x 40mm = +/- 1.4mm
Wobble: 0.00015 D — 0.25 = 0.00015 x 7000 — 0.25 = +/- 0.8mm ;

axial
|

Need Re-Alignment:
Eccentricity: 0.0875 M = 0.0875 x 40mm = +/- 3.5mm
Wobble: 0.000375 D —0.25 = 0.000375 x 7000 — 0.25 = +/- 2.4mm




AT=250°C

Uneven Shell Temperature - Thermal Crank

90

180 4

270 4

600

500 -

= 0,0 m| m357 °| m100 °C

Big temperature
ariation around
circumference

A0
00

300 4 t--

200 4 =L XN

100 # L=

IDM Tool Kit, Roller Shaft Bending M(M



Crank In Tire Area (up)

High Load No Load High Load

TIT
T|o||o
IDM Tool Kit, Roller Shaft Bending MM




Crank In Tire Area (down)

Reduced Load High Load Reduced Load

TIT
ojo
IDM Tool Kit, Roller Shaft Bending M{M




IDM Tool Kit makes crank visible

High Ioad on roller

No or low load on Roller

Roller Shaft Bending

Inductive Distance Sensor

T[T
T|ojlo
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Roller Bending Measurement

» The roller shaft bending is measured via the radial displacement of the
roller surface (run-out)

» The sensor is located in the line of force under the roller
* |tis measured during normal operation (no stop required)

* Only the variations are measured due to a crank, the static load due to
weight and possible alignment errors are not measured

Inductive
Distance
Sensor

TIT

Roller Shaft Bending o[ o|LS]
M|M




Thermal Crank (example 3 station kiln)

July 13: strong thermal crank = high varlatlon In roller shaft bendlng (£0.3mm)

MAPA GRABADD EN FORMA AUTOMATICA = ' F 1

ensor e12mm [mm]

Rraames 000000000 000000000 ik i ke 1
DB WN - ODOND NS WN O NW RO O N0 WO =N W SN D ON

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
2

-720 -620 -520 -420 -320 -220 -120 -20

SR

July 15: no thermal crank = low roller shaft bendlng value (£0.08mm)

nsor e12mm [mm]

L R D T O i e G Py B A P o e PO T 0
VN R 4 10 80N O U1 LD O i 00 3 0 O D0 D 1 L B OV @ D




Roller Shaft Bending Measurement



http://www.youtube.com/watch?v=-6aEIa-GFrQ

Measurement Studio / Roller Shaft Bending

' il GA 2011-06-28 Roller Sha

File  Measurements Reports  Tools Help

[ |

Overview

-3

Line Chart

El- Measurements

Sensor 812mm [mm]

Roller Shaft
Bending Curve

—— Raoller Roundness

—— Raoller Shaft Bending

Reference Line

Pier 2

<Title>

Plant Mame:
Equipment:
Measured by:
Date:

Tool 1D No:

Remarks:

Hallystone

Kiin 1

John Denwver

28062011 (@

28836

Roller Shaft
Bending Value

Coating Loss near pier 2|

-

) -mm

Chanrel 1
Scaling: Sensor &12mm Physical Channel: ail

IDM Tool Kit, Ra

ler Shaft Bending

@ =031mm/Peak: 179°

Meas. Value: -mm

Position of

Crank

(each kiln revolution)




Measuring Wheel

: ; . The Measuring Wheel is a

R measurement tool, which measures
the diameter of slow rotating
cylinders during operation;
for example on support rollers or tires
on rotary kilns or dryers.

These components are typically
subject to a certain amount of wear
and have to be re-machined or
replaced after some time of operation

In order keep the kiln or drier axis
aligned,; it is essential to know the
changes of the diameters and to
compensate them by adjusting the

roller positions =T
T|o[o[Ls]
M

M

Measuring Whe



Measuring Wheel

Measuring Wheel



Measuring Wheel Schematic

Measuring Wheel
with Encoder

Diameter
to measure

Light Barrier Sensor
(heat resistant 180°C)

Magnetic
Switch Flag

=] e
Light /
Converter
Spring Loaded
Wheel Suspension
i N\
Wheel — A T
Contraller — ] T|o[O|LS]
Megsuring Wheé M(M




Measuring Wheel

On Yay be
|
Measuring Wheel


http://www.youtube.com/watch?v=yzDEMMI5arc

Measurement of Cylindricity




Rotary Inclinometer

\ g1 1
l tl I,.

The Rotary Inclinometer is a
measurement tool, which
measures the axle inclinations of
slow rotating parts during operation
(e.g. Rotary Kilns, Dryers, Ball Mills
in barring mode).

It measures deviations in vertical
direction with a high accuracy,
which makes the alignment work
much easier.

It can be considered as a water
level for slow rotating parts.

T|T

T|o[o[Ls]
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Rotary Inclinometer

Inclinometer with heat shield

A Inclinometer with shaft adapter
to measure hot kiln tires

to measure support rollers
at the shaft center

T|T
T|o[o[Ls]

Rotary Inclinometer MM




Rotary Inclinometer Schematic

I T——|Linear Motion Module X
Gimbal-mounted M%
Inclination Sensor | — Linear Motion Module Y
-10°...+10° 1 -
(-10°...410°) |7/
W I
il TN
Status LED
- 7,
- I Circuit Board
Rotation Sensor ——1 | [ (\

\ Rechargeable

Li-lon Battery

T|T

T|o[o[Ls]

Rotary Inclinometer MM




Roller Inclination Measurement

Rotary Inclinometer


http://www.youtube.com/watch?v=xiN7Kc4rBLU

Measurement Studio: Inclination

[ CR 2011-02-03 Kiln Inclins
File  Measurements Reports  Tools  Help
b =

Creerview » L/ LineChart
£ Measurements

Measured
Values

160 180 200 220 240 280 300 320
Angle [

Inclination Valu
per Revolution

Inclination

Remarks _\

\
Rotary Inclination Measurement Setth;s * I
\ Material Flow €

Plant Name: Hard Rock \

Equipment: Kiln 1|

Measured by: Bill Clinker
Calculated

: 03.02.201 B~
Date: Results

Tool 1D Ne: 10245057

Remarks: Kilm was in nomal oporation
condition

405 mm/m * () Girth Gear 417 mm/m *

© ARoler b) [ mm/m © ARoler b) [ mmm ) APinion b} 0.4 mm/m ) ARoller b)

4 I




Kiln Shell Laser

The Kiln Shell Laser

IS a measurement tool,
which measures the
deformations (roundness,
straightness, eccentricity)
in shells of rotary kiln and
dryer during operation.

It measures continuously
the distance to the shell
and records the deviations.

.~ Thetoolis placed in
- various positions along the

kiln.

For evaluation, the shape

of the kiln shell is displayed

In line and radar charts as

well in 3d. gg
M

M




Kiln Shell Laser

Kiln Shell Laser
on Tripod

Kiln Shell Laser

Kiln Shell Laser
on G-Clamp

Rotation Trigger

Kiln Shell Laser
in transport case

T[T
T|ojlo
MM




Kiln Shell Laser
placed in various positions along the kiln
B WO = =




The Rotation Trigger synchronizes the Kiln Shell
Laser with the kiln rotation

* ltis attached to the girth gear and provides continuously
the rotation position of the kiln via Bluetooth to the
measurement computer

0




Kiln Shell Laser in the Measurement Studio
offers different display options for evaluation

Chverview + O ||Shell Runout > 3| =
= Measurements 2
2014-04-02 Shell Runout 5G| | Laser &
Devices Distance: no value received —
= 2D Kiln View
:2014-04-02 Shell Runout 5G Measurements
Position [m] Eccentricity [mm] Peak at [7] Total Run-Out [mm]  Roundness Deviation [mm]
1 4 43 =6 =4
8 o 102 +83 +83
9 2 160 =12 12
e 0] '} L0 -~ + 9 + 9
Chart +10 +3
=84 =34
1ge oe 3500 .2 o5
=12 k]
s Measured Values =16 =11
Ideal Circle =16 =8
== Geometrical Center =14 +6
=12 =

>
3D View

25909

2800

2700

2600

250

17oe 1809 19009

Chart Radar Chart

Tool 1D No:

Remarks:
Toaal:

T




In addition to the brick lifetime (main parameter) the following rule of
thumb can give an indication on the condition of the shape of the kiln
shell:

The “sharpness” of a shell deformation has a much higher impact on the bricks
than its amplitude

No Problem Need to be Monitored Potential replacement

X< L/300 L/300< X < L/100 X>L/100

P00 OO0 OO0 =00 o= -
S0 e @er W @rerex Neon @) srox@e) sx@rere ax@le ox@ers: Qoo d o @le rex@ers @K
O OOQ OOOO OOO O, O%OOO e OF\OQQ ' o & O~OSPSR080 %Qg\ 9000590002%0 OOQ
Smooth Shell Deformation X
L T
T LS

63

MM



Telescopic Contact Thermometer

* To measure the shaft temperature of the support rollers

* It helps to evaluate the condition of the bearings and the thrust load

* The telescopic handle makes it easy to reach the roller shaft

» It is much more precise than pyrometers and not affected by the oil film

Telescopic Contact

Thermometer \

Temperature Measurement on Thrust Collar
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