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1 Safety and Liability

1.1 Introduction

This manual contains important information and safety instructions required for trouble-free and safe
operation of the kaloMAX NT Il S3. It must be submitted to every user involved with installation,
operation, maintenance and repair of the equipment and has to remain permanently accessible in its
surroundings. Persons unable to understand or to follow the instructions provided are not allowed to

work with the instrument.

In the case of suggestions concerning this document or supplementary questions, do not hesitate and

contact our service team (service@baq.de).

1.2 Safety Notes

= Before starting any activity, carefully read this manual.

= Access to the document must always be ensured.

= Messages and warnings displayed on the kaloMAX NT Il S3 should not be ignored.

= Always place kaloMAX NT 11 S3 on a flat surface.

= Qperation in electrically hazardous or explosive environment is not admitted.

= Never leave the equipment to persons unable to follow safety instructions.

= Assign qualified supervision for new personnel.

=  The kaloMAX NT Il S3 is a sensitive device and should not be subjected to mechanical risks
like shocks or strong vibrations.

=  The power supply to the IEC input bushing must be connected to ground, using the supplied
IEC power cable.

= kaloMAX NT Il S3 has to be equipped with fuses according to the manual’s specification and
correspond to the supply voltage.

= Any replacement power line must have a specification equivalent to the one supplied.

= Damaged or worn cables should immediately be replaced.

= While operating kaloMAX NT Il S3 you should remove loose clothing or jewelry that may get
caught. Beware of moving parts.

= Avoid inhaling solvent vapors when cleaning or using kaloMAX NT Il S3.

= The instrument must be protected from contact with liquid and humidity.

= Do not attempt to lift kaloMAX NT Il S3 at its shaft.

6| 46


mailto:service@baq.de

E:E BAG Safety and Liability

1.3 Liability
The instrument has been developed and manufactured according to the latest technological standards
and current safety directives and has left the site in perfect condition. The client bears the entire
responsibility for adequate use and operation by appropriate personnel. Note that warranty and
liability claims relating to injuries or material damage, arising from one or several of the following
reasons, shall be rejected:
= Applications beyond the scope described in the manual.
=  Failure to observe safety information, with respect to operation, maintenance, cleaning and
functional control of the instrument itself or connected accessories.
= Arbitrary modification of the instrument or connected accessories. In case of doubt, always
consult factory service beforehand!
= Exchange of components by items not released by the manufacturer. Original BAQ spare
parts are prescribed.
= Use of accessories not recommended by the manufacturer.

= Damage caused by accidents, improper handling or force majeure.

The information has been compiled by the manufacturer at the best of his knowledge, but no
responsibility for correctness, completeness and accuracy can be assumed. In any case of doubt,

consult factory service in time.

1.4 Appropriate Use

The kaloMAX NT 11 S3 may only be used as intended and in accordance with the specifications described
in these operating instructions. The kaloMAX NT Il S3 is used exclusively for grinding calottes to
measure the coating thickness or determine wear coefficients. Never leave it to unauthorized
personnel, and interrupt all activities whenever a damage is suspected. Any application beyond the

specification is considered as improper use.
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2 Scope of Delivery

Scope of Delivery:

1
2
3
4

Basic unit kaloMAX NT Il S3
Universal vice for holding up to 3 samples
IEC-power cable

Manual

Options available upon request: Fig. 1: kaloMAX NT 11 53

al
a2
a3
a4
a5
a6
a7
a8
a9

Detachable vice

Consumables

Balls with different diameters (steel and carbide)

Diamond suspensions of different grain sizes (0.5 um; 1.0 um etc.)
Single channel pipette

Dust cover

Adjust gauge + Adapter to adjust certain forces

Slurry AG1 to determine wear coefficients, including reference sample

Glass pipettes with rubber stopper for reproducible dosing of slurry AG 1

al0Software packages incl. kaloSOFT evaluation software

all Microscopes

1

1

All articles incl. order codes are listed Appendix 2: Order information.

Please check the completeness of the delivery immediately after receipt of the goods.
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3 Specification

Table 1: Specification kaloMAX NT 11 S3

Dimensions

Weight

Display

Power supply

Rotation speed of the

driving shaft
Grinding time
Ball diameter

Inclination of the

sample level

Positioning range

cross table

Sample clamping

range

Memory

Temperature ranges

Humidity

Environment

Connectors

Languages

300 x 295 x 235 mm (W x D x H)
6.80 kg

3.5“-TFT-LCD color display

480 x 640 Pixel

85—-264 VAC,47 -63 Hz
Fuses: 5x20, 2 At/250 V

30-1000 Uw/min

5-99995s

12-40 mm

60°

25x25 mm

Rectangular disc: 14 -28 mm

Round disc: 15-34 mm
Shaft: @13 -25mm

(clamping profiles adjusted to the sample’s geometry on request)
2 GB RAM, 32 GB eMMC-Flash-Memory

Storage: -20°Cto 70°C -4°F to 158°F

Operation: -15°Cto 60°C 5°F to 140°F
90 % max., non-condensing
Suitable for indoor use

USB-C (Software updates)

Power input socket

German, English
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4 Introduction to the calotte grinding process

4.1 Coating thickness measurement

With the coating thickness measurement instruments of the kaloMAX family, the coating thickness is
determined by using the calotte grinding method. A hardened steel ball with an exact defined diameter,
which lies loose between the driving shaft and the sample, is set into rotation by a motor-driven shaft

(refer to Fig. 2)

Diamondsuspension

4
\RB Steel ball
O Drive shaft

Rg

Sample

Fig. 2: Measuring principle of the calotte grinding method

Therefore, the steel ball is used to carry an abrasive slurry, such as diamond suspension or diamond
paste. Thereby a groove is ground into the sample — the so-called calotte. The grinding time varies
depending on the coating type (its thickness and wear resistance) between a few seconds and several
minutes. If the coating system of the clamped sample is ground right through (depth of grinding >

coating thickness), every single layer can be seen under the microscope as a concentric ring or ellipse

(refer to Fig. 3).

Fig. 3: Calottes on a flat (left) or cylindrical sample (right)

Using the calotte grinding method, single layers and layer systems can be analyzed. Since, compared to
the coating thicknesses, the diameter of the hardened steel ball is very large, the layer system is ground
in a very flat angle, which in a way widens the coating (the diameter of the single ring is typically 200

times higher as the coating thickness).
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This is, besides the significant time saving, an important advantage of the calotte grinding method
compared to the cross-section as the accuracy of the measurements is significantly improved by the
coating widening and the analysis can be done under a normal reflecting microscope. Fig. 4 illustrates

the principle of the method through a two-layer system.

/

Substrate!

~ Layerring 2

“layerring2

D3 i D3

D2 | D2
D1 ! D1

Fig. 4: Coating thickness measurement on a flat (left) or cylindrical sample (right)

As the diameter of the steel ball is exactly known, all layer thicknesses can be calculated by a simple
geometric relation. Therefor only the diameters (flat sample) or the long diagonals (cylindric sample)
have to be determined. Afterwards all existing layer thicknesses can be calculated according to the
following formula:

_ (DZ_dZ)
8RR

h (1)

with:  D: outer diameter (flat) or outer diagonal (cylindric)
d: inner diameter (flat) or inner diagonal (cylindric)
R: ball radius (normally 15 mm)
h: layer thickness
T: depth of grinding
As the to be measured layer thicknesses are in the um range, the ground-in calottes are very small. In
order to get recognizable boundaries, great importance was attached to the guidance of the ball on

the driving shaft and on the bearing of the shaft, so that the ball cannot move vertically or horizontally

during the grinding process.
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4.2 Prerequisites for coating thickness measurement

Basically, to achieve the best accuracy, an optimal rotation of the ball during the grinding is required.
Radial runouts and lateral movements of the ball would change the size of the calotte and would have
a false effect on the measuring results. This is why BAQ uses so-called traction rings as contact area for
the ball. When completely assembled, the traction rings are ground during rotation at high-speed using
a special grinding machine. Compared to a pure steel shaft, this reduces both radial runout and lateral

movement of the ball to a minimum, so that this influence on the measurement result is negligible.

The basic prerequisite for evaluating the calottes under the microscope is that the layer rings/ellipses
can be distinguished optically. This is essential to determine the diameters required to calculate the

layer thickness.

d Depending on the coating and substrate, alternative lighting can lead to better
l differentiation between coating and substrate (e.g. ring light instead of standard reflected
light).

In some cases, short etching of the calotte can result in the layer and substrate being
distinguishable.

=,

Furthermore, the measuring accuracy depends on the accuracy with which the diameters D and d can
be determined (see equation 1). As the following image illustrates especially the surface roughness of

the sample has an essential impact on the accuracy with which D and d can be determined by the user.

Fig 5: Impact of the surface roughness

As with all measurement methods for coating thickness measurement, the following also applies to the

calotte grinding method: the lower the surface roughness of the sample, the better the measurement
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accuracy. But the advantage of the calotte grinding method compared to other methods is, that the

user can directly see how the measuring result is obtained and therefore evaluate it very well.

o According to DIN EN ISO 26423, the surface roughness of the coating and/or substrate
l should not exceed 20 % of the coating thickness.

4.3 Determination of wear coefficients
In tribological orientated development of layers and in quality assurance of wearprotective layers, the

determination of wear resistance of layers is an essential demand.

In a collaboration between the Fraunhofer Institute for Surface Engineering and thin films (IST) and the
company BAQ GmbH, the method of ball cratering tests according to DIN EN 1071-2 (Standard now
withdrawn and replaced by DIN EN ISO 26423:2016-11) has been adapted to tests of thin layers. A

method for testing the wear resistance of thin layers (um range) has been developed.

The kaloMAX NT Il S3 can be used to analyze the abrasive wear behavior of materials and coatings. A
suspension (abrasive) is applied to a 100Cr6 steel ball with a diameter of 30 mm, which rotates against

a sample (refer to Fig. 2), using a glass pipette.

The wear crater should be ground into the layer without breaking through to the base material (refer
to Fig. 6). The width and depth of the wear crater has to be measured by means of a surface profiler or

a microscope.

Fig. 6: Grinding depth for wear measurement
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An abrasive-specific wear coefficient can be calculated from the calotte volume (calculated from the

depth or diameter of the calotte and the ball diameter), normal force and grinding path.

, The measuring parameters normal force, grinding speed and grinding path must be kept
‘ constant if wear rates are to be compared.

The minimum thickness of the layer which can be reliably measured is about 1 um for hard coatings.

This is primarily determined by the shortness of measurement time.

Climatic influences on tribological processes
As in every other tribological process, the ambient temperature and humidity affects the abrasion

process. Naturally, this applies also to the determination of wear resistance by means of a high-

precision wear resistance tester.

Extensive measurements have been done at the Fraunhofer-IST to characterize the influence of

different climatic conditions (temperature and humidity) on wear resistance of layers

Fig. 7 shows the determined wear of a carbon coating (DLC) and a metal-carbon coating (Ti-C:H) as a
function of humidity. This data is intended to provide the customer with the information that,

depending on the coating system to be tested, there is a significant dependence of the wear on the air

humidity.

wear rate in dependence of absolute humity

X

> DLC
— linear fit DLC
. ® TiCH
- F---- linear fit Ti-C:H
4

wear coefficient [m**m "N '*10"]

oy

absolute humity [gim-]

Fig. 7: Wear coefficients as a function of humidity
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Suspension (incl. handling)

The abrasive slurry (Slurry AG 1) has been developed especially for the determination of wear
resistance of thin layers. Due to characteristic properties of this abrasive slurry, very homogeneous
wear craters (free from deep furrows) are obtained on thin layers. This is a basic condition for the
quantification of the wear volume (Vv). Furthermore, the low abrasiveness of the slurry allows
measurements in the range of um. Because of the viscosity, the slurry does not spread out on the ball
during the grinding process, but adheres on the grinding trace around the ball. Moreover, it ensures a

wellbalanced proportion between lubrication and wear process

In order to obtain reproducible and comparable measurement results, it is essential to use a suspension
with constant properties. It is therefore recommended to use the Slurry AG1 suspension, which is
available as an accessory. A reference sample is also available. Measurements are made on this at the
Fraunhofer IST under constant climatic conditions and a report is created. The reference sample makes

it possible to check the quality of the suspension at any time.

To ensure that the suspension (Slurry AG1) retains the same properties for as long as possible, it is

essential to pay attention to the following:

= QOpen the cartridge only for short periods of time to fill the pipette with abrasive slurry
(protection against humidity absorption).

= Stir up the abrasive slurry with a clean and dry stirring rod.

= Do not keep the abrasive slurry nearby heat sources (e.g. radiators, solar heat).

= |tis recommendable to use a reference sample to check the ,state” of the abrasive slurry in
regular intervals. A change in viscosity of the abrasive slurry causes mostly higher wear

coefficients.

Place of installation
It would be best to place the device in an air-conditioned room. If this is not possible, the place of

installation should be choosen considering the following aspects:

=  The climatical conditions should be as constant as possible. (A separate room is advisable)
= The device should not be placed close to heat sources (e.g. radiator) or windows (solar
radiation, draught).

= The place of installation should not be draughty (e.g. near by a door).
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4.4 Applicable Standards
The calotte grinding process is subject to the following international standard:
= DINENISO 26423:2016-11 Fine ceramics - Determination of coating thickness by crater-

grinding method

Conformity of the measurements with this guideline ensures correspondence to recognized

international industrial standards and reliable results.
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5 Commissioning

kaloMAX NT Il S3 must be placed that no shocks or vibrations occur during the grinding process. Power
is supplied via a wide-range power supply unit with an input voltage range of 85 - 264 V and a frequency

of 47 — 63 Hz.

d Due to CE regulations, the nameplate only indicates ranges that are restricted by 10 %
l each at the top and bottom.

Balls (usually made of hardened steel) with a suitable diameter and an abrasive (e.g. diamond
suspension) are required for operation. With larger steel balls, the ground-in calotte is flatter, resulting
in greater differences in the diameters to be measured under the microscope. This results in a higher
measuring accuracy. On the other hand, the ground volume is larger for the same depth. As a result,
the grinding time increases slightly as the surface pressure decreases with increasing grinding depth.

A ball diameter of 30 mm is usually a good compromise.

The grit size of the diamond suspension used must match the type and thickness of the coating. A
coarser grit generally results in a shorter grinding time due to the higher abrasiveness. In return,
however, the grinding pattern will be less clean. As a rule, diamond suspensions with grit sizes between

0.5 um and 3 um are well suited.
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6 General operation instructions

(3), (4), (5)

shaft with traction rings

(6) (7) (1) type plate (2)

Fig. 8: Structure, operating elements and connections

6.1 Operating elements
(1) Power switch/fuses The power switch and the fuses (5x20, 2 A t/250 V) are located at the

back side of the unit between power connector and power switch.

(2) USB-C socket There is a USB-C socket on the back of the device. This can be used for
software updates. To do this, a USB stick with the update file (using a
USB-A <> USB-C adapter if necessary) is inserted into the socket and

the update is carried out under the menu point Software update.

(3) Sample holder The samples to be tested are clamped in a vice. The clamping profiles
mounted on the jaws of the vice can be rotated by 180° for better
clamping of cylindrical samples. In case of damage, they can be easily

replaced.

l Clamping profiles adapted to the sample geometry are available on request.

(4) Cross table The vice is mounted on a cross table, which allows positioning of the

samples to be tested in the range of 25 x 25 mm.
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(5) Movable stand The adjustment to different ball diameters or sample thicknesses is
done by moving the entire unit of sample holder and cross table. To

move the unit, the fixing screw at the back side has to be loosened.

(6) Display The currently set parameters are shown on the display. After the device
is switched on, the last current parameters are always active. After

starting the motor, the set time in the display runs backwards to zero.

(7) Keyboard The kaloMAX NT Il S3 is operated via the keypad integrated into the

front panel. The various keys have the following functions:

This key is used to exit the current function. The higherlevel menu item is
accessed. Changed settings won’t be saved.

ENTER This key is used to finish editing a field or select a subordinate menu item.

Function key

Function key

Function key

Function key

START With this key the grinding process starts.

- - - m
1 1 1 )
=y m - o3

@
o
T

By pressing this key, the currently running grinding process is immediately stopped.

o

Cursor keys
Menu items can be selected with these keys, also the cursor can be moved in
the input fields.

The numeric keys are used to enter numeric values.
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6.2 The menus

A menu consists of a list of available menu items, with the active one highlighted in color (refer to
Fig. 9). The currently active menu item can be selected with the cursor keys A and V. It is selected
with ENTER, which either opens a new window or a sub menu. Press ESC to return to the previous

menu.

kaloMAX NT Il

Grinding parameter coating thickness
Edit
Load
Save
Delete

Fig. 9: Menu

6.3 Textinput

When saving the grinding parameter, entries in plain text are required. In this case, the test input field

will be opened.

kaloMAX NT Il

Save grinding parameter
Ala

a b c g
h i j k n —

0

Cancel

Fig. 10: Text input

In the upper field with white background (called text field in the following) the entered text is displayed.
In the rows below the characters are shown which can be selected. The cursor is moved through the
character fields with the cursor keys. With ENTER the marked character is selected and taken over into
the text field. F1 switches between upper- and lower-case letters, F2 deletes the last character in the
text field. F4 (Ok) ends the text input and the entered text is available. ESC or F3 (Cancel) terminate the

text input without saving.
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6.4 Input of numerical values

To enter numbers, the number input window is opened. The number entered is displayed in the field
with a white background. The cursor keys < and P can be used to move the cursor in the field. Press
F2 (&) to delete the character the left of the cursor. The digits and the decimal separator are entered

using the corresponding keys.

Press F4 (Ok) or the ENTER to complete the input and save the value. F3 (Cancel) or ESC terminates the

input without saving the entered value.

6.5 Measurement Window
In the measurement window, the measurement mode can first be set using the F1 function key. Here
you can choose between coating thickness and wear resistance. Depending on the active measurement

mode, different parameters and units are displayed (refer to Fig. 11).

kaloMAX NT I kaloMAX NT I

Coating thickness Wear resistance
Mode Mode

06:00

Ball
diameter

Ball

30 mm diameter

30 mm

Rotation
speed

Rotation
speed

300 Rs/min

60 Rg/min

Grinding
time

Grinding

180 s path

360 Rg

Fig. 11: Measurement window coating thickness (left) and wear resistance (right)

In both cases, the diameter of the balls used can be set using the F2 function button. The speed can be
changed using the F3 function key. The main difference is that in coating thickness mode, a grinding
duration (in s) can be entered using the F4 function key, while in wear mode, a grinding distance (in m)
is entered instead. In the second case, the grinding duration is calculated from this and displayed as

additional information below the measuring mode.

The grinding process is started by pressing the START button. This can be stopped at any time by
pressing the STOP button.
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6.6 Option detachable vice

The detachable vice can be removed from the cross table with the clamped samples in order to
evaluate the ground calottes under a microscope. This ensures that the calottes are always aligned
perpendicular to the microscope, regardless of the sample geometry. When measuring the coating
thickness, the detachable vice can also be used to determine whether the coatings have already been
ground through. If further grinding is required, the vice is replaced. The precision guides ensure that
the calottes are ground in exactly the same place. When removing and replacing the vice, make sure
that it is not tilted and that there are no particles on the back of the vice. To remove it, it should be

gripped on the outside, on the line of the two guides (refer to Fig. 12).

Fig. 12: Detachable vice

6.7 Option adjustment gauge
The so-called adjustment gauge can be used to set a constant normal force regardless of the sample
geometry and thickness. This is particularly essential for measuring wear coefficients, as these can only

be compared with each other if the corresponding calottes have been ground with identical parameters

Using the adjustment gauge and the optionally available adapters, the following normal forces can be

set with a 30 mm steel ball: —_

\g
= Adjustment gauge without adapter:  0.54N . f

=  Adjustment gauge with adapter 0.4:  0.40N ‘
=  Adjustment gauge with adapter 0.3:  0.30N l i
=  Adjustment gauge with adapter 0.2:  0.20N ] ‘ !

Fig. 13: Adjustment gauge with adapters

To set the respective normal force, the corresponding adapter is first placed on the adjustment gauge
if required. The adjusting gauge is then pushed as far as it will go against the shaft of the

kaloMAX NT Il S3 and held in place. The entire sliding block of the device, including the cross table,
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sample holder and the samples clamped in the vice, is then pushed as far as it will go against the disk
of the adjustment gauge so that the surface of the middle sample is in direct contact with the disk of
the adjusting gauge. In this state, the sliding block and therefore also the samples are fixed in place

(refer to Fig. 14).

Fig. 14: Using the setting gauge

The use of the adjustment gauge guarantees that the sample surfaces have a defined distance from

the shaft of the kaloMAX NT Il S3. This ensures a defined normal force of the balls on the samples.

i If different samples with the same thickness are tested, the normal force only needs to be
set once.

If calottes are ground in several samples at the same time, it must be ensured that all
samples have the same thickness.

LL =
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7 Grinding parameters

The grinding parameters play an essential role for the ground appearance of the calotte. The following

parameters must be entered for a grinding process:

= Diameter of the ball(s)
= Speed
= Grinding time or grinding path
The units of the grinding parameters can be defined in the system settings (see chapter 12.1).

Furthermore, certain parameter combinations can be saved and reloaded later (see chapter 11).

The suitable grinding parameters, both for coating thickness measurement and for measuring the wear
coefficients, must be determined experimentally by each user according to their own requirements.

They depend primarily on the coating thickness and/or the wear resistance of the sample to be tested.

o The grinding parameters of the exemplary calottes shown in chapter 10 can serve as a
z guideline for the coating thickness measurement.

7.1 Change grinding parameters

The current parameters can be changed directly in the measuring window (see chapter 6.5) via the
function keys F2, F3 und F4 or via the menu Grinding param. coating thickness (resp. Grinding param.
wear resistance) / Edit. The units in which the speed and path are specified are defined in the system

configuration (see chapter 12.1).
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7.2 Input ranges

The grinding parameters can be set within the following limits:

Table 2: Input ranges of the grinding parameters

Parameter Unit Min Max
Ball diameter [mm] 12 40
Ball revolutions [Rs/min] 15 590
Speed Shaft revolutions [Rs/min] 30 1000
Grinding speed [m/min] 14 55.8
Number of Ball revolutions[Rg] 13 9200
Grinding path Number of shaft revolutions [Rs] 20 15000
Grinding path [m] 1.2 870
Grinding time [s] 5 9999

The data in the table were determined for balls with a diameter of 30 mm. Since device constants are
included in the calculation when converting from the units containing shaft rotations to the other units,
the conversion factor varies from device to device. Therefore, it may happen that the values given in

this table are exceeded or undercut when switching between the units.

l Rounding errors may occur when switching between different units.
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8 Perform a measurement

In order to determine the coating thickness with the greatest possible accuracy, a clean grinding of the

calotte is required. This depends on the following factors:

= Used abrasive

= Speed

=  Grinding time / grinding path
= Ball diameter

= Normal force of the ball

The kaloMAX NT Il S3 is started with the power switch on the back of the device. The measurements

can then be started directly.

Step 1: Samle clamping and positioning

First, up to 3 samples are clamped in the vice and cleaned if necessary. The normal force is then set. As
can be seen in the principle sketch (refer to Fig. 2), the dead weight of the ball is absorbed by the drive
shaft and the sample. The greater the distance of the sample from the shaft, the greater the force on
the sample for a given ball diameter. The sample can then be positioned with the cross table so that

the calotte is ground at the desired location.

If calottes are ground in several samples at the same time, it must be ensured that all
samples have the same thickness.

Step 2: Selection of the grinding parameters

The grinding parameters ball diameter, speed and grinding time (Coating thickness) or grinding distance
(Wear resistance) are set. These can be set directly in the measurement window using the function
keys F2, F3 and F4 or via the menu point Grinding param. coating thickness (resp. Grinding param.
wear resistance) / Edit. Furthermore, saved parameter combinations can also be loaded (see

chapter 11).
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Step 3: Applying the ball(s)

The balls are cleaned and then placed between the sample and the traction rings of the

kaloMAX NT 11 S3.

l For each suspension a different ball should be used.

Step 4: Applying the abrasive

A small amount of the abrasive (usually diamond suspension) is applied to the balls. The diamond
suspensions can be dosed using the single-channel pipette (approx. 20 ul), whereas Slurry AG1 is dosed

using a glass pipette with a rubber stopper.

o When measuring the coating thickness, it can be advantageous to add further drops of
z diamond suspension during the grinding process. To do this, additional drops can simply
be added to the rotating balls using the single-channel pipette.

=,

A separate pipette tip should be used for each suspension.

Step 5: Grinding process

The grinding process is started via START. The time in the display runs backwards to zero. The sample

can then be cleaned and placed under the microscope for evaluation.

! Neither the balls nor the drive shaft must be touched during the grinding process.

Special instructions for measuring the wear coefficient:

In addition to the ground calotte volume, the component of the normal force perpendicular to the
sample surface and the grinding path are also included in the calculation of the wear coefficient. Wear
coefficients can only be compared with each other if the corresponding calottes were ground with the

identical parameters. This applies in particular:

a) Normal force:
The normal force cannot be measured directly. It depends on the weight and diameter of the

ball, the Inclination of the sample level and the distance between sample and shaft. It is
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therefore advisable to keep these values constant for a series of tests. The sample surface

should be parallel to the top of the vice. The Inclination of the sample level is then 60°.

Since the measurement of the wear coefficient is a comparative measurement, the identical
normal force must always be used. This can be ensured by using the adjustment gauge (see

chapter 6.8).

b) Grinding parameters:

The suitable grinding path (or the number of ball or shaft revolutions) and thus also the
grinding time must be determined experimentally by each user according to their
requirements. It essentially depends on the available coating thickness and the wear resistance
of the coating to be tested. It is important that grinding paths are determined in which the

generated calotte depths are not greater than the layer thickness of the functional layer.

The experience of the Fraunhofer Institute for Surface Engineering and Thin Films on hard
coatings can serve as a guide for setting the measurement parameters (refer to Table 3).
However, these only apply to these specially developed coating systems. The following calotte
depths were determined for various coating systems (20°C, 50 %rel. humidity corresponds to

7.3 [g/kg tr. air] at 1013 mbar).

Table 3: Grinding parameters and wear coefficients of different coating systems

Ball revolutions  Grinding path*  Speed  Calotte depth  Wear coefficient

Coating system
[Rs] [m] [Rs/min] [um] [m® -m1-N-1-1071%]
Carbon films
540 50.89 60 0.7 0.8
(DLC)
Metal carbon films:
180 16.96 60 1.1 6.2
Ti-C:H
Metal carbon films:
180 16.96 60 0.8 3.3

W-C:H

* applies to the use of balls with a diameter of 30 mm

Direct specification of the grinding path has practical advantages over setting the number of
ball or shaft revolutions. The conversion of ball revolutions = grinding path is carried out in

the device. The ball diameter must be entered. e geometric dimensions of the device (distance
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between the support points, diameter of the shaft at the support point) are automatically

taken into account.

Abrasive:

A clean glass pipette with rubber stopper is used to dose the Slurry AG1 suspension. The
suspension must be stirred with a stirring rod before filling. The suspension should not be
aspirated from the bottom of the bottle, but from the middle of the filling volume. The excess
abrasive must then be removed from the pipette.

One drop of the suspension is now required for each measurement. This applies to all specified
measuring times. Apply slight pressure to the rubber stopper until a drop of suspension forms.
The drop should then break away from the pipette due to its own weight. This is to ensure that
drops of comparable mass are always formed. Make sure that there are no air bubbles in the

drop. If this is the case, clean the ball and apply a new drop.
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9 Evaluation of the calottes

The calotte grinding process enables the coating thickness measurement of single and multilayer
coatings as well as the determination of wear coefficients on samples of different geometries. Due to
the “layer broadening” caused by the calotte grinding, the evaluation can be carried out with a standard

reflected light microscope (e.g. GSX-600). The recommended evaluation software is kaloSOFT.

l Further information about the GSX-600 and kaloSOFT at www.bag.de

9.1 Coating thickness measurement of flat samples
In order to determine the thickness of the coating to be tested, the grinding depth must be greater
than the coating thickness. In this case, each individual layer is visible under the microscope as a so-

called coating ring which can be measured.

Designations

h: Coating thickness

R: Ball radius

T: Total grinding depth

t: Grinding depth into the substrate
D: Outer diameter

d: Inner diameter

Fig. 15: Coating thickness measurement on a flat sample
The total grinding depth of the ball is:
T=R-,R>-D?/4 (1)
The grinding depth into the substrate is:
t=R—,/R?—-D?/4 (2)
The coating thickness results from the difference:

h=T—t (3)

h=.,R2—-d?/4—,/R?2—D?%/4 (4)

30 | 46



[ 1] ]
(1 BAG Evaluation of the calottes

If the coating is very thin and the calotte is ground into the substrate only a little, the diameters D and

d are very small compared to the radius of the ball. In this case equation (4) can be simplified to:

D?-d?
8'R

h=

(5)

It can be seen from equation 5 that the accuracy of the coating thickness measurement with the calotte
grinding method depends on the accuracy with which the diameters D and d can be determined, since
the error of Ris less than1%.. Accurate measurement of the two diameters is very important, since the
two sizes are squared in the coating thickness calculation. To achieve a high accuracy, it is

recommended to choose the grinding depth suchthat D=2 - d.

d Further information on the consideration of measurement accuracy in the calotte grinding
l process at www.bag.de.

9.2 Coating thickness measurement of cylindrical samples
If the calotte is ground into a cylindrical sample, ellipses result instead of rings. The coating thickness
is calculated using the same formula as for flat specimens. D and d must be determined on the

longitudinal axis of the ellipse. The following figure illustrates the principle using a two-layer system:

Designations

h: Coating thickness
R: Ball radius

S verring? T: Total grinding depth

Substrate

t: Grinding depth into the
substrate

D: Outer diameter

d: Inner diameter

Fig. 16: Coating thickness measurement on a cylindrical sample

31|46



E:E BAG Evaluation of the calottes

9.3 Determination of wear coefficients
After a calotte has been ground into a coating or surface, it can then be evaluated with a profilometer

(calotte depth) or a microscope (calotte diameter).

9.3.1 Analysis by profilometer

If the calottes are measured with a profilometer (determination of the calotte depth), the scanning
needle should be used to measure across the grinding direction and along the center line (deepest

point of the calotte; refer to Fig 17).
Scanning needle

ATTTI

grinding direction \

d L

Fig 17: Measuring the calotte depth with a profilometer

For the calculation of the wear volume, an ideal spherical cap is assumed. The calotte i.e. wear

volume (Vy) can be calculated for a flat sample as follows:

Vy =% h?-(3r—h) (6)
with:  Vy = Wear volume [m3]
h = Calotte depth [m]

r = Ball radius [m]

Then the wear coefficient V, can be determined:

v = 4 (7)

- grinding path -normal force

The grinding path (s) can be calculated from the periphery of the ball and the number of ball

revolutions n:

s=2m-r-n (8)
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The formula for the wear coefficient is:
1%
V= (9)
with: V., = Wear coefficient [m®-m~1- N~1-1071°]
Vv = Wear volume [m3]
s = Grinding path [m]
Fx = Normal force [N]

A contact force (Fx) of 0.54 N is set using the adjustment gauge (without adapter).

=,

The unit of the wear coefficient should be specified asm>-m=1 - N=1- 10715, Itis not
recommended to reduce the units, because the source units should be kept recognizable.

=,

9.3.2 Analysis by microscope

If the calotte is measured using a microscope, the calotte diameter must be determined. The calotte
depth is determined from the microscopically determined calotte diameter. This is based on an ideal
spherical cap. The calotte depth is calculated from:
h=r—r2—-D2%/4 (10)
with: h = Calotte depth [m]

r = Ball radius [m]
D = Calotte diameter [m]

The wear volume and the grinding path result from equations (6) and (8). This results in a wear rate
of:

7 = (9)

with: V., = Wear coefficient [m®-m~1- N~1-1071°]
Vv = Wear volume [m3]
s = Grinding path [m]
Fx = Normal force [N]

A contact force (FK) of 0.54 N is set using the adjustment gauge (without adapter).

=,

The unit of the wear coefficient should be specified asm®-m='- N~1- 10715, It is not
recommended to reduce the units, because the source units should be kept recognizable.

=,
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10 Example measurements

Coating: TiN

Abrasive: 0.5 um diamond suspension
Speed: 300 Rs/min

Grinding time: 120 s

Ball diameter: 30 mm

D=777.3 um; d=415.1 uym

Coating thickness:  3.60 um

Coating: AITiN

Abrasive: 0.5 um diamond suspension
Speed: 100 Rs/min

Grinding time: 180s

Ball diameter: 30 mm

D =839.6 um; d=651.6 um

Coating thickness:  2.34 pm

More sample calottes:
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11 Parameter management

In many cases, it is useful to store parameter combinations determined for certain samples in order to

be able to recall them later for recurring tests.

11.1 Save parameters
To save a parameter combination, the desired parameters are first set in the measuring window. These
current grinding parameters can then be saved under a freely definable name in the menu item

Grinding param. coating thickness (resp. Grinding param. wear resistance) / Save.

11.2 Load parameters

All stored parameter combinations are listed under the menu item Grinding param. coating thickness
(resp. Grinding param. wear resistance) / Load. With the cursor keys A and V¥ the desired data set is
selected in the list and loaded with ENTER. After returning to the measuring window, the corresponding

parameters are displayed.

11.3 Delete parameters

If a stored parameter combination is no longer required, the corresponding data record can be deleted
under the menu item Grinding param. coating thickness (resp. Grinding param. wear resistance) /
Delete Use the cursor keys A and V¥ to select the desired data set from the list of stored data sets and

delete it by pressing ENTER.
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12 System settings

If System is selected in the main menu, then a submenu is opened, which contains the following

subitems:
=  Configuration: Setting the units fort he grinding parameters speed
and path
= language: Selection of the language
=  Factory defaults: Reset to factory settings
=  Software update: Installation of a software update via USB stick
=  Copy error log to USB: Error log is transferred to USB stick
= About: Display of the system information

12.1 Configuration

In the configuration, the units for the grinding parameters speed and path can be defined.

Speed

The following units can be selected for specifying the speed:

=  Ball revolutions [1/min]
=  Grinding speed [m/min]

= Shaft revolutions [1/min]

Path

The following units can be selected for specifying the path:

=  Number of ball revolutions
= Grinding path [m]

=  Number of shaft revolutions

12.2 Language
The language can be selected under the menu item System / Language. Use the cursor keys A and ¥

to select the desired language, which is activated with ENTER or F4 (Ok).
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12.3 Factory defaults
In the menu item System / Factory defaults, the current grinding parameters can be reset to the default

values.

l Saved parameter data sets are always retained.

12.4 Software update

Software updates for the kaloMAX NT Il S3 may be released throughout the product life cycle. To install
a software update, a USB stick with the new software version must be inserted into the USB socket of
the kaloMAX NT Il S3 (if necessary using a USB A <> USB C adapter). The software update can then be
started under the menu item System / Software update. Further instructions on the display may need

to be followed.

, After the update, the device shuts down automatically. Do not switch the toggle switch to
‘OFF’ until the display is black, otherwise the power supply may be interrupted and the
update process may be disrupted.

12.5 Copy error log to USB

The kaloMAX NT Il S3 automatically detects critical system errors and stores them in an error log file.
Such errors can also occur internally within the device, so they may not be shown on the display. The
error log file is solely for troubleshooting by BAQ. To send the file to BAQ, it can be transferred to a USB

stick via the menu point System / Copy error log to USB and then sent by email to service@bag.de..

12.6 About
The system information is displayed under the menu item System / About. This includes the serial

number of the device, the version numbers of the software and the kernel as well as the board revision.
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13 Maintenance and Support

13.1 Cleaning
The kaloMAX NT Il S3 can be cleaned using a cloth soaked in isopropyl alcohol, for example. Care must

be taken to ensure that no liquids can get inside the kaloMAX NT 11 S3. The top is not completely sealed.

The traction rings of the device should always be cleaned as soon as dust particles or liquids (e.g. due
to contact with suspension) are noticeable. To do this, the shaft can be rotated and a lint-free cloth

soaked in isopropyl alcohol can be carefully pressed against the traction rings.

, No sharp-edged objects, aggressive chemicals or abrasive cleaners may be used for
cleaning.

13.2 Fuses

There are 2 1 A slow-blow fuses in the mains connection unit (2-pole fuse protection).

13.3 Replacement of the drive shaft

If the traction rings on the drive shaft are damaged, it is easiest to replace the entire shaft unit as the
traction rings are ground for exact concentricity. This can only be done on the removed shaft. To
remove, unscrew the cover on the left-hand side. Then, after loosening the fastening screws on both

sides of the shaft, the complete unit with bearings can be pulled out to the left.

13.4 Disposal

The kaloMAX NT I S3 is not admitted for removal by conventional domestic,
industrial or commercial waste. In case of need, consult us for information

about correct removal of electronic equipment.
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14 Appendix 1: License information

The firmware integrated in the product contains software licensed under the GNU General Public
License (GPL) or under the GNU Lesser General Public License (LGPL). Under the terms of the GPL or
LGPL, a copy of the source code subject to the GPL or LGPL, as applicable, will be provided to the end
user upon request. This code is provided WITHOUT ANY WARRANTY, including as to MERCHANTABILITY
or SUITABILITY FOR A PARTICULAR PURPOSE. The offer to provide source code upon request ends 3

years after delivery of our product to the customer. Please contact BAQ GmbH in this context.
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15 Appendix 2: Order information

Instrument and instrument accessories

Item-No. Description

Spherical Cap Grinder kaloMAX NT Il S3
60-103-EN for determination of layer thickness and wear resistance,

including sample clamping for 3 samples, adjustable in three axes

55-101-EN Addition: detachable vice for kaloMAX Il or kaloMAX NT I
60-111-EN Option adjust gauge for kaloMAX NT Il
Adapter for adjust gauge to adjust lower normal forces
60-120-EN
0.2N, 0.3N, 0.4N
60-114-EN Dust cover for kaloMAX NT Il
single channel pipette (10 -100 um) incl. 10 x pipette heads for dosing
55-200-50-EN

grinding suspension
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Software packages

Item-No.

70-100-02-EN

70-100-03-EN

70-100-04-EN

70-100-10-EN

70-100-11-EN

70-100-12-EN

70-100-20-EN

70-100-21-EN

Description

kaloSOFT measuring system for determination of the layer thickness
(single layers and layer systems) on flat and cylindrical surfaces incl.
project manangement and documentation

Scope of delivery:

- kaloSOFT software to measure calottes

- USB 3.0 color camera, 2.4 MP (1936 x 1216 Pixel), 126 fps, 1/2.3", C-
Mount connector for the microscope, high-quality cable incl. screw
connector (3 m)

- powerful Mini-PC incl. MS Windows 11 Pro

- 24" LED monitor, 1920 x 1200 Pixel, 16:10

MS Windows operating system incl. current updates, camera driver and

BAQ evaluation software installed ready to use.

kaloSOFT measuring system - additional charge for 3.2 MP camera

USB 3.0 color camera, 3.2 MP (2064 x 1544 Pixel), 53 fps, Sensor: 1/1.8

kaloSOFT measuring system - additional charge for 5.1 MP camera

USB 3.0 color camera, 5.1 MP (2464 x 2064 Pixel), 66 fps, Sensor: 1/1.8"

kaloSOFT Option — inside radius

additional determination of the layer thickness in inside radii

kaloSOFT Option — ball

additional determination of the layer thickness on spherical surfaces

kaloSOFT option — ellipsoidal
additional determination of the layer thickness on surfaces with two

different radii

kaloSOFT option — wear flat surfaces
additional determination of wear coefficients from the measurement of

spheres on flat surfaces

kaloSOFT option — wear cylinder
additional determination of wear coefficients from the measurement of

spheres on cylindrical surfaces
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Microscopes and accessories

Item-No. Description

Reflected light microscope GSX-400 (without objectives)
Coarse and fine drive with coax. operation, revolution 2 um, Lifting
range 25 mm
LED illuminator with constant color temperature
4-position objective nosepiece
GSX-400-EN Eyepiece GF-Pw 10x/20, glasses
C-Mount camera adapter
Stand base with built-in power supply
Positioning stage 70x50 mm with vernier scale in x-direction
Distance objective/pillar stand: 125 mm

Maximum sample height: 170 mm

Reflected light microscope GSX-600 with high pillar stand (without
objectives)

Coarse and fine drive with coax. operation, revolution 2 um, Lifting
range 25 mm

LED illuminator with constant color temperature

4-position objective nosepiece

GSX-600-EN

Eyepiece GF-Pw 10x/20, glasses

C-Mount camera adapter

Stand base with built-in power supply

Positioning stage 70x50 mm with vernier scale in x-direction

Distance objective/pillar stand: 125 mm

Maximum sample height: 370 mm
OBJ-MPLFLN-05X-EN Olympus MPLFLN-5X Objective 5X/N.A. 0.15 AA 20mm
OBJ-MPLFLN-10X-EN Olympus MPLFLN-10X Objective 10X/N.A. 0.3 AA 11mm
OBJ-MPLFLN-20X-EN Olympus MPLFLN-20X Objective 20X/N.A. 0.45 AA 3.1mm
OBJ-MPLFLN-50X-EN Olympus MPLFLN-50X Objective 50X/N.A. 0.80 AA 1mm
OBJ-MPLN-05X-EN Olympus objective 5X/N.A. 0.1, AA 20mm
OBJ-MPLN-10X-EN Olympus objective 10X/N.A. 0.25, AA 10.6mm
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Microscopes and accessories

Item-No.

OBJ-MPLN-20X-EN

OBJ-MPLN-50X-EN

OBJ-MIK-02-EN

OBJ-MIK-01-Z-EN

OBJ-MIK-01-P-EN

Description
Olympus objective 20X/N.A. 0.4, AA 1.3mm spring-mounted
Olympus objective 50X/N.A. 0.75, AA 0.21mm, spring-mounted

Stage micrometer
76mm x 26mm
Scale division: 1Imm in 0.01mm

Circles: @ 0.07mm, 0.15mm, 0.6mm and 1.5mm

Stage micrometer incl. calibration

- Scale 70 mm, all 10 mm, 7 increments

- Scale 10 mm, 30 ... 31 mm all 0,1 mm, 10 increments

- Scale 10 mm, 30 ... 40 mm all 1,0 mm, 9 increments
-Scale 2 mm, 34 ... 34,1 mm all 0,01 mm, 10 increments
-Scale2 mm, 34,1 ... 36 mm all 0,1 mm, 19 increments
DAkkS-Calibration for stage micrometer with

Total pitch length

70 mm (0,5 mm-Division), 10 mm

(0,2 mm-Division) und 2 mm (0,05 mm and 0,1 mm Division) with an
intended measurement inaccuracy of

U=1pum+1x10 (to the power of 6) x L incl. Calibration certificate

Stage micrometer incl. test certificate

for calibrating the microscope magnification when using a video
camera

70/0.5; 10/0.1; 2/0.01

- Graduation length 70mm

- Graduation line spacing 0.5mm

- in the graduation center to 10mm division line spacing 0.1mm;

division center to 2mm division line spacing 0.01mm
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Consumables
Item-No. Description

1 set of consumables for layer thickness determination composed of:

monocrystalline diamond paste, grit size 0.25 um, 5 g in a syringe,
55-200-01B-EN polycrystalline diamond suspension, grit size 0.5 um, approx. 50 ml,

polycrystalline diamond suspension, grit size 1.0 um, approx. 50 ml,

6 steel balls @ 30 mm. Complete, in a plastic box

55-200-30-EN Diamond suspension polycrystalline 0.5 um, approx. 50 ml
55-200-31-EN Diamond suspension polycrystalline 1.0 um, approx. 50 ml
55-200-32-EN Diamond suspension polycrystalline 3.0 um, approx. 50 ml
DM-M-HK-0,25U 5 g, Monocrystalline diamond paste 0,25 um
55-200-20-EN
Highest concentration, 5 g in a syringe
DM-M-HK-0,25U 10 g, Monocrystalline diamond paste 0.25 um
55-200-21-EN
Highest concentration, 10 g in a syringe
DM-M-HK-1,0U 10 g, Monocrystalline diamond paste 1.0 um
55-200-22-EN
Highest concentration, 10 g in a syringe
DM-M-HK-2,0U 10 g, Monocrystalline diamond paste 2.0 um
55-200-23-EN
Highest concentration, 10 g in a syringe
55-200-1030-EN 10 pcs. steel balls @ 30 mm
55-200-1020-EN 10 pcs. steel balls @ 20 mm
55-200-1015-EN 10 pcs. steel balls @ 15 mm
55-200-1030-HM-EN 10 pcs. Carbide balls @ 30 mm
Slurry AG1 for kaloMAX NT 11 S
60-112-EN A special abrasive slurry for reproducible and comparable
determination of the wear coefficients, including reference sample
Special glass pipette 3 pcs.) with rubber stopper for reproducible
60-117-EN

dosing of slurry AG1 for measuring of wear resistance
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Repair
Item-No. Description
Drive shaft for kaloMAX NT 11 S3
R-S3-W-01-EN incl. assembly instructions
Please add the serial number of your device when ordering!
Drive Shaft for kaloMAX NT Il S3
R-S3-W-02-EN

Conversion by BAQ GmbH
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