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0. INTRODUCTION

The tribometer serves for the investigation and simulation of friction and wear processes under sliding conditions. It can be
operated for solid state friction without lubrication and for boundary lubrication with liquid lubricants. Thus both material

and lubricant tests can be executed.

According to the standard test principle a stationary test specimen (pin or disc) with a defined normal force is pressed
against the surface of a rotary disc. Both specimens are perpendicularly arranged one on the other whereby the rotary
disc is on top. Other test configurations are possible. The normal force is applied by the movable drive block and the drive
spindle. The normal force is damped by means of a spring located below the linear table. The tribometer is driven by a

servo motor steplessly adjustable from 0.1 rpm to 3000 rpm.

The actual test equipment essentially consists of the motor unit, the drive and the load section. The shiftable modules are
one on the other fastened to two perpendicularly columns. Pin and disc are in a specimen pot heatable up to approx. 150
°C. During the test the normal force, the temperature inside the pot, the linear wear amount of both specimens and the

friction torque are continuously measured.

The measurement of the normal force is done by a force sensor arranged between counter load spring and lower
specimen restraint. The temperature is measured by a NiCr-Ni-thermocouple in the pot. The wear is measured over the
changing displacement between lower and upper specimen restraint. The measurement is done contactlessly by a laser-

optical displacement sensor. The friction torque is measured by a rotary torque sensor.
All measuring signals are transferred to the control rack to be conditioned there. Data acquisition is done by an USB

measuring module with a solution of 16 bit. The measured values of rotational speed and temperature are digitally

monitored with temperature values sampled at 2 Hz and rotational speed sampled at 5 Hz.
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Specification

Strain collective

Type of motion
Mode of motion
Normal force
Rotational speed

Testing temperature

Tribological values

Sliding

Continuous

By means of a drive-spindle system adjustable from 5 — 1000 N
From 0.1 to 3000 rpm steplessly adjustable

From RT to 150 °C steplessly adjustable

Measured value

FR — friction force

wl — wear amount
=> wear rate
T - Temperature

Fr= M/r
M = torque

r = friction track radius

=> friction coefficient FR / Fy
Fn = Normal Force
displacement (abrasion)
wl/t  t=time

AW N 2 R

. Connecting Control Rack, Test Rig and PC
Connect PC and control rack via USB cable cable (see Software Installation).
Connect the sensor interface cable and the sensors with the slide-in unit of the control rack.
Connect the cables of the drive and the lift-drive as well as the heater.
Set up the power supply for three-phase alternating current 3x400 VAC/50 Hz and 230 VAC.

Hint: All plugs match only with the corresponding socket connector on the control rack except for the RS-232/USB

converter cable.
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1.1 Components

1.1.1 Control Rack
The control rack incorporates the plug-in unit with all amplifiers and power supply for all modules, the drive controller, and

the drive itself. The compressed air conditioning and the main power switch are located at the bottom of the control rack.

Control Rack

Slide-in unit of the control rack
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Main switch and compressed air conditioning

Rear side of the control rack with connections for lead, drive, lift, heater, and compressed air (IN/OUT)
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Rear side of the control rack with removed rear wall to change fuses

1.1.2 Computer
The USB measuring module and the RS 232/USB converter cable for data acquisition and controlling the test rig are

connected to the computer.

1.1.3 Test Rig
The test rig represents the mechanical measuring unit other add-in modules can be added to.
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Sensor Interface
TEMPERATURE Type-K Thermocouple input for specimen pot and IR ring heater (if connected).

FORCE Normal force sensor input.

The sensor inputs are automatically identified by its coded plugs and assigned to the corresponding measuring ranges of
the software. Plug in a sensor’s plug carefully to prevent the pins of the multi-pole plugs from bending which may cause a

bad electrical contact or no contact at all.

Normal Force Sensor Markings
8435 —-5200200 N Measuring range
8435 — 5500500 N Measuring range
8435 - 60011000 N Measuring range
8435 — 60022000 N Measuring range
8435 — 60055000 N Measuring range

SENSORS

TEMPERATURE Typ-K

Heating System Connection

By means of the slot the feedback control system is connected to heating system of the specimen pot.
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1.1.4 Electrical Connections
Power supply: Three-phase current connection 3 x 400 V/50 Hz, plug: 5 x CEE plug, 5 x 32 A.

If a FlI risidual-current circuit-breaker is used, it must be suitable for applications for frequency inverters (suitable for type
U).

Fuses

The conrol rack contains fuses on the rear side for he following loads:

Drive Fuse (F1) 3x16 A type C
Slide-in unit Fuse (F2) 6AE14
Circuit board “Brake” Fuse (F3) 2AE14
Power Supply Unit,Lift* Fuse (F4) 2AE14
Heater Fuse (F5) 10AE 14
Plug-in unit Fine fuses 2 x 2A 5 x 20 mm slow-blow fuse

There are two fine fuses on the rear side of the control rack.
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2. Control Rack

The following modules are located in the control rack:

m Module OUTPUT

m Module FORCE

m Module WEAR

m Module TORQUE

m Module TEMPERATURE CONTROLLER
m Moduel MOTORCONTROL (drive)

m Module FORCE CONTROLLER

m Module FRICTION FORCE (option)

2.1 Module OUTPUT

@

AUTEUT The module OUTOUT connects the measuring channels to the computer by means of an USB
interface. The accuracy of the data acquisition is 16 bit. The USB interface should be connected
to a USB 2.0 computer port in order to obtain an optimal function.

USB

£ B D o & D

WAZAU
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@ 2.2 Module FORCE

In order to achieve a precise measurement the normal force-amplifier has to be calibrated in
@ H 5 an unloaded condition prior to the setup of the tribometer (offset adjustment). The calibration
is done to eliminate influences on the sensor that may cause measuring errors such as the
@ Y deadweight of the specimen pot or other parts. In addition there is always a 4 Hz low-pass
@ +15Y enabled to eliminate interfering signals. The normal force sensor is secured against
SENSOR | overloading by a limit switch. The alarm curcuit shuts down drive and heater if a force is
reached extending the maximum measuring range by 1% (1010 N). The limit switch is
always active. A re-start of drive and heater cannot be conducted until the cause of error has
been eliminated and the button “Reset” on the software interface has been pressed. Before
adjusting the offset let the normal force control system (containing spindle drive, spindle,
normal force sensor, spring) deflect. To do this push slightly once the 4-column linear-table
and release it thereafter so that the system can adjust itself. That step has also to be
repeated everytime after a load has been applied on the linear-table by the normal force
control system to avoid a wrong reading of the measured force value of the normal force

sensor.

D D D £ @ @

(+) WAZAU (+)

1) To calibrate the amplifier all specimen adapter and specimen pot, if required, have to be mounted to the test rig. If
lubricated tests are to be conducted the lubricant has to be filled into the specimen pot and the covers have to be mounted
to be regarded for calibration, too.

2) Press the button ,ZERO* on the software for simultaneous offset adjustment of TORQUE and FORCE, or press the

button Lift “DOWN”. Then the offset will be automatically adjusted within a range of 0.05 % or the measuring range.

The three green LED indicate that the slide-in unit is powered with a operating voltage of £ 15V and + 5V. The socket

»Sensor II“ connects to the amplifier modules Normal Force and Temperature.
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2.3 Module WEAR

@
WEAR

SENIGR I

o D £ & @

(+) WAZAU (+)

Pushing the tracer ,Wear Off‘ on the software enables or disables the measuring channel
~Wear". If “Wear” is disabled the offset adjustment will not be conducted.

The displacement sensor is secured against overloading by a limit switch. The alarm shuts
down drive and heater if the displacement (wear) exceeds the maximum measuring range of
the laser-optical displacement sensor or if the measuring system has an error. The measuring
range of the laser-optical displacement sensor is £ 5000 um. Due to the positioning of the
displacement measuring system and the offset adjustment before the test the maximum
measuring range decreases down to + 4500 um. The limit switch is only enabled during a test.
That means if the drive is enabled. A re-start of the drive and the heater is only possible after
the cause of error was eliminated and the button “Reset” on the software was pressed.
Socket Il connects to the laser-optical displacement measurement. The setup of the

displacement (wear) measuring system is described in chapter 6.

IMPORTANT! Never put your hand inside the beam of the laser-optical sensor after a test was started. This would be

taken as an error of the system. The test will then be stopped by an overload signal.

IMPORTANT! F LASER RADIATION!!

LASER CLASS 2.

Do not look into the beam!
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2.4 Module TORQUE

@
TURGUE

SENEOR |

0 o D B o D

() WAZAU (+}

Pressing the tracer ,Torque RMS* on the software interface enables the root mean square
(RMS) rectifier. In addition there is a 25 Hz low-pass enabled to disable interfering signals.
The torque shaft is secured against overloading by a limit switch. The alarm shuts down
drive and heater if the measured torque exceeds the maximum measuring range by 1 % (+
10.1 Nm). The limit switch is always enabled. A re-start of the drive and the heater is only
possible after the cause of error was eliminated and the button “Reset” on the software was

pressed. The socket Sensor | connects to the torque shaft.
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2.5 Module TEMPERATURE

@
TEMPERATURE
-

WAZAU

Control parameters and requested values are set on the software. The
temperature controll cannot be changed manually as it is locked. The heater
is secured against overloading by a limit switch.

The alarm shuts down drive and heater if the temperature exceeds the
maximum temperature range by 15°C or if the thermocouple is broken. The
limit switch is always enabled. A re-start of the drive and the heater is only
possible after the cause of error has been eliminated and the button “Reset”
on the software has been pressed. The RS 232 socket connects to the

computer via an USB hub, thus controlling the temperature.
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2.6 Module MOTORCONTROL

@
VETIEBENTROL Pushing the tracer ,BLOCKING" on the software blocks the drive shaft. That way the operator

can loosen or tighten the screws of the specimen adapter easier. The torque shaft is secured

@ 24V against overloading by a limit switch. The alarm enables the blocking function if the measured
torque exceeds the maximum measuring range by 1% (£ 10.1 Nm).

@ EADY The green LED +24V indicates that the operating voltage supplies the slide-in unit. The green

@ IR LED AIR indicates that the operating air pressure of 5 bar supplies the air-bearing spindle. The

red LED BRAKE indicates that the drive’s brake is enabled. In this state the drive cannot be

enabled. The brake is active if the tribometer is off or if there is a loss of pressure. The socket

CONFROL

“Control” connects to the control interface at the rear side of the drive block. The RS 232 socket
connects to the computer by means of a USB hub, thus controlling the drive.

The compressed air supply on the air-bearing spindle is released automatically. Once operating
@ BR4KE | voltage and compressed air supplies the control rack the air will be conditioned for the membran
dryer. It takes the membrane dryer up to 15 minutes until the air is optimal dried. After that

@@ process the compressed air is automatically applied on the air-bearing spindle. Hereafter the

tribometer is ready for operation. Possible mountings on the sprecimen holder can then be

RS232 )
carried out.
6 & D B B D
WAZAU
AIR LED states:
red shining - Compressed air of 7 - 8 bar does not supply the control rack.
red blinking - Air conditioning of 15 min. Has been started.
green shining - Compressed air of 5 bar supplies the air-bearing spindle (tribometer is ready for operation).

IMPORTANT! Do not assemble or disassemble the specimen holder at the air-bearing spindle as long as the

compressed air does not supply the air-bearing spindle. Only if the LED Air shines green the air pressure is supplied.

IMPORTANT! Applying the emergency stop switch will cause an overload which is reset after the emergency stop switch

was released.

IMPORTANT! Only operate drive, air-bearing spindle, and torque shaft if normal force (load) is applied on the specimen

pairing. An idling run is not allowed!
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IMPORTANT! The controls of the air conditioning of the air-bearing spindle requires a pressure of 7 - 8 bar. The

pressure has to be applied on the system spontaneously. A slow increase of the pressure leads to a malfunction of the

switch thresholds so that the controls of the air conditioning won't start.

2.7 Module FORCE CONTROLLER

@
FORGE
2

WAZAU

Control parameters and requested values are set on the software. Manual
changes are not possible since the force controller is locked. The normal
force sensor is secured against overloading by a limit switch. The alarm
circuit shuts down drive and heater if a force is reached extending the
maximum measuring range by 1% (1010 N or 202 N respectively).

The limit swith is always active. A re-start of the drive and the heater is only
possible after the cause of error was eliminated and the button “Reset” on the
software was pressed. The RS 232 socket connects to the computer via a

USB hub, thus controlling the force controller.
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2.8 Module FRICTION FORCE (option)

%-

@)

& DD

RIGTIDE FORBE

SENSER 1Y

(+) WAZAU (+)

DD

Pressing the tracer ,Torque RMS* on the software interface enables the root mean square
(RMS) rectifier. In addition there is a 25 Hz low-pass enabled to disable interfering signals. The
friction force sensor is secured against overloading by a limit switch. The alarm shuts down
drive and heater if the the measured friction force exceeds the maximum measuring range by 1
% (£ 101 N). The limit switch is always enabled. A re-start of the drive and the heater is only
possible after the cause of error has been eliminated and the button “Reset”’ on the software
has been pressed. The socket Sensor IV connects to the friction force amplifier.

The compressed air supply on the air-bearing spindle is released automatically. Once operating
voltage and compressed air supplies the control the air will be conditioned for the membran
dryer. It takes the membrane dryer up to 15 minutes until the air is optimally dried. After that
process the compressed air is automatically applied on the air-bearing spindle. Hereafter the
tribometer is ready for operation. Possible mountings on the sprecimen holder can then be

carried out.

IMPORTANT! Do not assemble or disassemble the specimen holder at the air-bearing spindle as long as the

compressed air does not supply the air-bearing spindle. Only if the LED Air shines green the air pressure is supplied and

the air-bearing has been connected by a quick coupling.
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Sensor interface
FRICTION FORCE Friction force sensor input

The sensor inputs are automatically identified by its coded plugs and assigned to the corresponding measuring ranges of

the software.

ﬁ_ Plug in a sensor’s plug carefully to prevent the pins of the multi-pole plugs from bending which may

cause a bad electrical contact or no contact at all.
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Lift jig with crane
eyelets
3. Test Rig

Drive

Torque shaft

Emergency stop
switch

Drive block

Air-bearing
spindle with

Displacement
(wear) measuring
system

Lift drive

Specimen and
module area

Linear table

Sensor interface

Test Rig

Normal force
sensor
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3.1 Mounting the specimens

The test rig comprises the actual tribometer with all mechanical units.

There are standard mountings for pin/disc or disc/disc tests. Depending upon the geometrical specimen pairing the lower

specimen test specimen has to be installed in the specimen pot. Special mounting plate components can also be installed.

To make sure that the friction areas of both specimens run flat one on the other when running disc/disc tests, the swash
plate has to be used as the lower mounting. The swash plate is beared on a ball. It is fixed in the direction of rotation by a

stop on each side.

The specimens have to be mounted on the lower or upper specimen adapter and locked by screws. Make sure the screws

have been drilled all the way into the specimen.

For pin-on-disc tests swash plate, stops, and ball have to be removed and replaced by the pin holder.

In order to avoid disturbances caused by possible oscillations of the pin it should be placed as deep as possible into the
holder. Locking is made by the socket-head cap screws. Similarly to the disc/disc test system the upper specimen has to

be put into the corresponding specimen adapter and fixed by the screws.

Specimen holder air-bearing spindle

IMPORTANT! Do not assemble or disassemble the specimen holder at the air-bearing spindle as long as the compressed

air does not supply the air-bearing spindle. Only if the LED Air shines green the air pressure is supplied.

Specimen ho Specimen disc

Slotted ring
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3.2 Standard Specimen Pot for lubricated Tests

The specimen pot is mounted on the support containing the heater. Prior to that the centrepin has to be mounted on the
linear table with the tip up. That way the specimen pot is centred on the linear table. The specimen pot is resistant to
corrosive media so that tests with corrosive lubricants can also be conducted. The maximum temperature of the lubricant

should not excced 150°C.

Centrepin

TN

In this way the thermocouple sitting in a drilled hole has thermal contact to the lubricant. In this manner the thermocouple
serves as a reference input for the PID controller of the software and to measure the lubricant’s temperature if the
specimen pot is not heated. In this way during tests with high values of friction torque leading to a temperature rise of the
lubricant, the temperature of the lubricant can be measured. The heater inside the specimen pot is connected by leads on
the sockets “Heater”. The thermocouple is connected by means of the socket ,Temperature Typ- K” on the sensor

interface.

Safety hint: The operating personnel must not touch the wall of the specimen pot at any time as there
is a risk of severe burn. Likewise make sure there is no easily combustible material or liquid near or

inside the pot.
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3.3 Ball holder / Pin holder

The pin holder fits pins of the diameter 6 mm, 8 mm, and 10 mm, with a length of 30 mm.
The ball holder fits balls of a diameter 5 mm, 6 mm, 8 mm, and 10 mm.

To change balls/pins unscrew the cover of the holder.

Probenadapter

Probe

Stift-Halter

Trapezoid
spanner

Ball holder
Scale
Friction radius

Ball-disc arrangement for lubricated and unlubricated tests.
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Pin holder

Pin-on-disc arrangement for lubricated and unlubricated tests.

3.4 Disc Holder

To make sure that both discs are permanently in contact in the horizontal position a swash plate is mounted under the
plate specimen. First mount the stops on the support und place the ball in the middle of the counterbore. Then place the

mounted specimen with the swash plate on the support.

Stop

Ball

o oY \'I

Swash plate Specimen plate
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Clamping ring

Slotted ring

3.5 Mounting of the Ring Heater (option)

Let the drive block go up to the end switch in order to mount subsequently the specimen holder to the air-bearing spindle.
To do that mount first the white insulation board on the tribometer support and centre it with the pin in the middle. After
that install the pre-assembled specimen arrangement on the insulation board and mount to the tribometer support by
means of the four screws. Now place carefully the the ring heater above the specimen arrangement and put both sides of
the cover, as shown on the picture, on the ring heater. The weight of the cover sides will be taken into account for the
offset adjustment of the normal force. Connect the thermocouple to the sensor interface and connect the ring heater’'s
connector on its right side to the power supply. After the specimens touched each other and the normal force was applied,

the ring heater has to be closed by the cover sides. Then set the desired temperature value on the software.

Specimen
arrangement

Insulation plate

Pin
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Cover sides Gas inlet

Power supply
connector

Ring heater

Thermocouple

3.6 Compressed air conditioning

The air conditioning represents the air supply of the air-bearing spindle. The compressed air is filtered and dried before
getting into the air-bearing. The input pressure of the filter unit should be 7 — 8 bar. 7 bar should be adjusted on the filter
controller unit using the manometer. This filter unit has to be always operated between the compressed air input on the
control rack and the supply line of the customer.

The compressed air has to be 5 bar and is pre-set ex works. Its value can be read on the manometer on the control rack.
A 15 minutes dehumidification in the membrane dryer is executed automatically. Afterwards the compressed air is enabled
for the air-bearing spindle. The manometer in the control rack should show then 5 bar. The filter units drain the water

column autonomously. They can also be drained by means of the hand outlet.
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Pressure controller

Membrane dryer Manometer
Filter unit Hand outlet Filter units

Compressed air
inlet

Compressed air
outlet
Air-bearing spindle

4. Tribometer Software

The software mainly consists of three windows. The setup window gives an overview on the settings. On the control

window the program execution can be set and observed. On the analysis window the test results can be viewed.

4.1 Software installation

On installation the following software is installed. These software packages are pre-installed ex-works.

e USB serial controller,
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MCC DAQ,

TriboControl application software.

4.1.1 USB Serial Controller

On installation the USB serial controller the driver to adapt the converter cable from the RS 232 interface to the USB

interface is installed.

Proceed as follows:

1.

2
3.
4

Insert the CD ,Driver” and ,User’s Guide“ (Transfer Series) into the das CD/DVD ROM drive of your computer.
Choose the English version of the automatic starting program (picture 1).

Then choose ,USB 1.1 TO RS232 Cable* (picture 2).

Choose from ,Installing Driver* setup.exe and execute the file while the safety warning of Windows XP appears
(picture 3/4).

Do the installation according to the requests of the installation routine (picture 5/6).

Then connect the RS 232/ USB converter cables from the RS 232 interface of the the slide-in unit to the US

interface of the computer. All three cables have to be connected separately.

%"‘“ pyEmEL | PEAEE TEUPERATEAR

, s

Drive COM Force COM Temperature COM
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@ ® @ Coymermesi) fﬂ) 39 . @ ® @ Oty weeness ) 43 prnir ) 39 .

NEXT HOME | E:\AutoPlay\Docs\read me.htm A\ ‘JU]

NEXT HOME | E:\AutoPlay\Docslindexen.htm L ‘JU]

-

¥ e warningE@

A A OUE O AIOE 8B O00E Cikn B OATADTAGBIMLAE 2 OAFp A+ Fhb;

Hullo! Belors using this praducts, ple
wotlee and usage scilon, Thanks!|

o

Kindly tead caretully the lallowing important

\
us| TO Farallal
Printar Cable -~

Picture 1 Picture 2

@ ® @ s | i Dateidownload - Sicherheitswarnung

fecc e e [ E\AutoPlay\Docs\rs232en.htm | @ » o : : »
Mochten Sie diese Datei speichern oder ausfuhren?
e
Mame: setup.exe
Typ: Anwendung, 1,59 ME
Important notice i Wor, E:X\USE 1.1 T RS232 CablelPC Driver
Installing Driver
1. Firstly, install the driver. Then, plug USB2.0 RE232 Cable into the camputer. [ e ] [ Speichem ] I Abbrechen
g 2. VWhen ingtalling the driver, please dont connect the RS232 portwith the peripheral equipment.
getun‘exej 3. The item would he compatible with Windows, Mac OF, and Linux.

4. Please getreference to the following files. They are on the drivers and installing method for Mac 05 and . . U . . .
SRS Linue Dateien aus dem Internet konnen ndtzlich sein, aber dieser D ateityp

TF g kann eventuell auf dem Computer Schaden anrichten. Flbren Sie
@ | o

dieze Software nicht aus und speichern Sie zie nicht, fallz Sie der

ey WACde | GroRTED ki Quelle nicht vertrauen. Welches Risiko besteht?
o
Picture 3 Picture 4

InstallShield Wizard [Z| InstallShield Wizard

InstallShield Wizard Complete
‘Welcome to the InstallShield Wizard for PL-2303
USB-to-Serial

InstallShield already successhully to installed PL-2303
USE-to-Serial driver. Please press [Finish] button to close and
The InstallS higld® ‘Wizard wil install PL-2303 USB-to-Serial out of InstallS hicld.
on your computer. To continue, click Mest.

If you have been plugged cable on PC before run this setup,
pleaze unplug and then plug cable again for system detect this
device!

Next » | Cancel Finish |

Picture 5 Picture 6
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é_.} Meue Hardware gefunden

Prolific USB-to-Serial Comm Part

Picture 7

Windows recognizes now the new hardware and starts the assistant to search new hardware (picture 7).
Start then the under ,System Control“ the menu ,Hardware® and ,Device Manager of the Windows operating
system (picture 8).

9. On the ,Device manager* click on connections (COM and LPT, picture 9).

Systemeigenschaften : _ a2 Gerdte-Manager

Datei  Aktion  Ansicht 7

&S 9 A

Syztermwiederherstellung Automatische pdates Remote

Allgemein Computername Hardware Erweitert

Gerate-td anager
% Der Gerate-Manager listet alle auf dem Computer inztallierten

anschlisse (COMund LPT)
r;l"f ECP-Druckeranschluss (LPTL)
r;l"f Karmrunikationsanschluss {COMLY)
r;l"f Pralific 115B-ta-Serial Comm Part (COM3)
@, audio-, video- und Gamecontraller
-_-J Computer
(=3 Diskettencontroller
g, Diskettenlaufwerke
L DYDYCD-ROM-Laufwerke

Hardwaregerate aul. Verwenden Sie den Gerate-tanager, um
die Eigenzchalten eines Gerats zu dndern.

Gerate-M anager

Treiber

T Durch die Treibersignierung kann sichergestellt werden, dass
inzstallierte Treiber mit Windows kompatibel sind. Ober Windows
Update kionnen Sie festlegen, wie Treiber Uber dizse Website
aktualiziert werden zollen.

+-F-F-FH- - - -E -

@ Grafikkarte
[ Treibersignierung ] [ Windows Update i) IDE ATA/ATAPI-Cantraller
g Laufierke
Hardwareprafile 1"y Mause und andere Zeigegerste
Dber Hardwareprofile kionnen Sie verschiedene Hardware- + - & Monitore

kaonfigurationen einnchten und speichern. + - B8} Netzwerkadapter
+ ﬂ Prozessoren

+ -_-J Swstemgerike
+|-ige Tastaturen

+ % IISE-Conkroller

l Hardwareprafile l

| ok || abbrechen | |

Picture 8 Picture 9

10. The RS 232/ USB converter cable is now displayed as “Prolific USB-to-Serial Bridge” (COM3). Note the assigned
COM port of the RS 232/USB converter cable to the slide-in unit on the control rack (Drive COM, Force COM and
Temperature COM). In this example it is COM3. This port is used after the software TriboControl was installed.
Connect then the remaining RS 232/ USB converter cables from the RS 232 interface to the USB interface on the
computer.

11. Quit the Device Manager and System Controls.
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4.1.2 MCC DAQ

The software contains the driver fort he USB measuring module and is required to run the application software
TriboControl.

Proceed as follows:
Connect the USB cable from the slide-in Module OUTPUT to the USB interface of the computer.

BRTPRY

12. Windows recognizes the new hardware and starts the assistant to search new hardware.

j_.} MNeue Hardware gefunden

JSB-HID {Human Inkterface Device)

Picture 10

13. Insert the CD of the company ,Measurement Computing“ into the CD/DVD ROM drive of your computer and install
the program. Before the installation it might be necessary to install NET framework on your Windows operating

system if not already installed. To do that install according to the automatic starting assistant.

DAQ install information | Microsoft .MET Framework 1.1 Setup
This installation and the applications it installs require the Micrasoft NET Framewark version 1.1 \?‘) wiould you like ta install Microsoft MET Framework 1.1 Package?
-
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i% Microsoft .NET Framework 1.1 Setup

x

M

License Agreement

(& copy of this license is availahle for printing at
hitydizn microsoft.com/frlink?LinkId=12283 )
SUPFLEMENTAL END TTSER

] LICENSE AGREEMENT FOR
TATOROETET OETW A RE b4

| have read, understood and agree to the terms of the
End User License Agreement and zo signify by clicking
"l agre

o i ages

" | donot agree

Cancel

icrosoft

Net

and proceeding to uze this product. I

i% Microsoft .NET Framework 1.1 Setup

L

icrosoft ) 1 M

Net

Installing Components
The following items are being installed on vour computer

MWET Framewark Files

Copying new files
File: IEE=ecRemate.dl, Directory: . Size: 7168

Time remaining: 7 seconds

1% Microsoft .NET Framework 1.1 Setup

9[]S

Installation of Microsoft MET Framewark 1.7 iz complete.

Execute the installation in accordance with the requests of the installation routine (pictures 11, 12, 13).

‘welcame ta the InstaCal Setup program. This program will install
InstaCal on wour computer.

Itiz strongly recommended that you exit all ‘Windows programs
befare running this Setup pragram.

Click Cancel to quit Setup and then cloze any programs vou have
rwnning. Click Mest to continue with the Setup program

‘WARMNIMG: This program is protected by copyright law and
interational treaties.

Unauthorized reproduction or distribution of this program, or any
portion of it, may result in zevere civil and criminal penalties, and
will be prozecuted to the maximum extent possible under law.

cation

X

Setup will install InstaCal in the follawing directany.
To install in thiz directory, click Mext.

Ta installin a different directory, click Browse and select another
directory.

Click Cancel to exit the Setup program.

Drestination Directory

CAMCC Browse...
| Mext | Cancel | < Back | Mext » | Cancel |
Picture 11 Picture 12

eate Program Folder [‘5—(

Setup will add program icons to the Program Folder listed below.
“r'ou may type a new folder name, or select one from the Existing
Folders list. Click Mest to continue.

Program Folder:

E xisting Folders:

Autostart
Zubehdr

< Back | Mext » |

Cancel |

Picture 13

Creating program folders and icons..

Cancel
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16. After the installation you may install different PDF documents of the manufacturer. Click the button Cancel to

close the window (picture 14). After that click NO in order not to display the Readme file (picture 15).

18! User’s Guides Setup

This application will install your Hardware User's Manual(s) onto
your PC.

Select your Hardware User's Guides from the list below.

[ Ethernt
154
C]FCiod
[] PCCARD
CFa
CIPFID
CJuse

Question

Installation Directory

C:AMCCAD ocumentshsersGuides :g/ Do you want ta view the README file now?
Picture 14 Picture 15

17. After the installation re-start the computer when requested to (picture 16).

Restarting Computer E|

Setup has finished copying files to pour computer.
Before InstaCal can be run wou must restart your computer.

Click OF. ta finish setup.

+ “Yesg, | want ta restart my computer now.

" Mo, | will restart my computer later.

Picture 16

18. Start then the program by ,Start/Programme/Measurement Computing/InstaCal“ (picture 17).

InstaCal

+ [nstallation
* Calibration
* Test

For Windows

MEASUREMENT COMPUTING

Picture 17

19. The program recognizes now the connected USB module with the corresponding serial number. Push OK and

close the program. The board number is 0.
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!E@ -zl InstaCal

[ Fie File Install Calibrate Test Applications Help
OK
~ - B =)
Plug and Play Board Detection A/D
= . . -
ECBoard The following plug and play devices have ReEosiclS
been detected =] @ Universal Serial Bus
[w]LUSB-1608FS [serialt 219)
Check those devices you wish to hawe
added to the configuration file
Ready UM Ready MM

4.1.3 TriboControl

The software TriboControl represents the actual program to control and measure.

Proceed as follows:
Insert the CD TriboControl into the CD/DVD-ROM drive of your computer. Start the file setup.exe in the directory Installer
on the CD. The installation program installs the TriboControl Software and the LabVIEW 7.1 Runtime which needs to be

installed on the system. To install the the software TriboControl click on the button Weiter (proceed) and Fertigstellen
(complete) respectively.

After the installation re-start the computer when promted to do so.

i& Installation von TriboControl

S

Willkommen zum TriboControl

i Installation von TriboControl E”E|E|

Zielordner

Installations-Assistenten.

E = wird emplohlen alle Anwendungen zu schliefen, bevar Sie mit
der Installation beginnen,

Klicken Sie auf Abbrechen, um das Installstionsprogramm zu
beenden. SchiieBen Sie alle Programme und starten Sie dann
dag Installationsprogramm neu. Klicken Sie auf Weiter, um mit
der Installation fortzufahren.

WARMUMG: Dieses Programm ist duich das Lrhebernecht und
durch internationale &bkommen geschiitat.

Die unerlaubte Vervielfalltigung sowie der uneraubte Vertieb
dieses Programmes kiinnen schwere zivil- und strafiechtliche
Folgen nach sich ziehen und werden mit der gesetzlichen
Huchststrafe geahndet

wWahlen Sie einen Ordner, in dem die Anwendung installiert werden soll.

Drer Installations-hesistent kopiert die TribaContralD ateien in den folgenden Ordner,

Klicken Sie auf Durchsuchen, wenn Sie einen anderen Ordner auswahlen michten oder
auf Abbrechen, wenn Sie TriboControl nicht instalieren mochten. Der
Installations-fssistent wird dann beendet.

Ziglordner
C:A\Programme’ TriboContiol Wd'

< Zurlick " Weiter > ] [Abbrechen
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i Installation von TriboControl E”E|E| 8 Installation von EN 1S0,1182

System zum Installieren der Anwendung bereit / Aktualisieren des Systems
Elicken Sie auf “Weiter', urn die Installation 2u starten, . ) Die von lhnen ausgewshlten Funktionen werden derzet installiert

Klicken Sie auf Zuriick’, um die Installationsinformationen emeut einzugeben,
oder klicken Sie auf 'Bbbiechen’. um den wizard zu beenden.

NRRRRRRRRRRARARARARNINN l

< Zuriick " i giter > ] [Abbrechen

ii& Installation von TriboControl [Z”sz‘

TriboControl wurde erfolgreich
installiert.

Elicken Sie auf Fertigstellen', um diese Installation zu beenden,

i@ Info zu Installationsprogamm |§

Sie miizsen das System neu starten, um die
Konfigurationsanderungen an EM 150 1182 zu ubemehmen.

=" FKlicken Sie auf &', um jetzt neu zu starten, oder auf Mein', wenn
Sie den Computer spater manuell neu starten mochten.

Fertigstellen

20. Start the software using the software ,Start/Programme/TriboControlV5/TriboControlV5*. Starting the software for
the first time will require:
O To assign the COM-ports on the software.
O The software will start with the messages ,Fehler Init Kraft COM (error Init Force COM)” etc. and

O “Gerat muss vor Softwarestart eingeschaltet werden! Software neu starten! (tribometer has to be turnt on

before starting the software)” (picture 18)

Eehler Trit Kraft COM Fehler Init Temp COM Gerdk muss var Softwarestart eingeschaltet werden!
Software neu skarten!
Picture 18
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21. Push always the button OK and open on the software on the window ,Control“ the window ,Einstellungen®

22.

(settings) under ,Optionen® (options) (picture 19). Now enter in the Device Manager the determined COM ports of

the RS 232/USB converter cables in the corresponding fields.Push the button Ubernehmen (accept) and quit the

software TriboControl. Re-start the software. It will start without the messages popped up before and is ready to

use. You can change the language from German to English in the field “Sprache” (language). That setting is

enabled after the software was quit. The field “Board Nr.” (board no. of USB measuring module) is used to

execute different software versions on the computer.

i Settings

Einstellungen
Sprache

Temperatur COM
Kraft COM

Antrieb COM
Board Nr. 1

Endung ASCII-Datei

Plot-Zuordnung
Plot 1
Plot 2
Plot 3
Plot 4

Plot 5

:Jj Deutsch
J+

d
<

g

F
P —
r)}txt

_géMnment

;}j\-‘erschleiﬁ

EﬁTemperatur I [ Temperatur H

gﬂReibkoefﬁzient il

_;.}Reibkraft Berech. |

| Abbrechen | |[ihernehmen‘

Picture 19

Assigned COM
ports
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4.2 Setup Window

On this window in three sectors are displayed: measuring ranges, limits, test program with operating parameters and file
settings. In each sector setting can be changed by pushing the Andern button (change). That action opens an input

window in which the desired parameters can be entered.

Mess- und Grenzwerteinstellungen

Name Einheit i -
Drehzahl i u
Temperatur H

Normalkraft Kolb.1
Reibkeaft

Dt. - Ing. Geord \Wazau Mess- und Priffsysteme GmbH
Keplerstr, 12
10589 Berlin, Germany
Phone 0049-30-344 30 88
Fax 0049-30-344 19 76
Inkernet hbtp: e, wazau,com
eMall info@wazau,com

Reibradius Freigabe |

Priifmodus Q Messdatei Q
Dateipfad Programm Pfad Messdatei H ASCIH 34 Diadem 34
I(Kein Pfad> IE:\Temp\TesB.trm

Programm Protokoll

Programm: Roktation Projekt: -—-

3 Bearbeiter: ---
Drehzahl: 50,0 min-1
Umlaufgeschwindigkeit: 0,0524 mj's Material A: -—

Drehrichtung: Rechts Schmiermittel: ---

Material B: -—

Triboelement: —

MNormalkraft: 0N

Normalkraft Sensorbereich: 200 N
‘Schmiermittelmenge: 0 ml/h

b

v
Messrate I 10 pro sec Andern I Freigabel

The sector Mess- und Grenzwerteinstellungen (measuring and limit settings) shows the active measuring ranges and
the enabled limits. Moreover the friction radius for the rotary movement and the stroke for the linear (translational) are

displayed as an input field.

In sector Prifmodus (testing mode) test programs can be created, saved or loaded. By means of the Laden (load) or
Speichern (save) buttons respectively a dialogue is opened to load or save a program. The current is shown on the text

area.

In sector Messdatei (measuring file) the file settings with protocol information and sample rate is displayed. The sample
rate refers to the measured values wear (displacement), friction torque, friction force, and normal force. The measured

value temperature is sampled max. at 2 Hz, rotational speed max. at 5 Hz.

Before a test program can be started the settings of all three sectors have to be enabled by pushing the button Freigabe
(enable). The enable status is indicated by the green lights in the upper right corner of each sector. After any change of a
setting the corresponding sector has to be enabled again.
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4.3 Measuring settings and limits - Subwindow

In this window measuring settings and limits can be altered.

] Cretaatt i il ) s e

| EETTTTTE oo b O

¥ o0 [+ s o

I ekt Ko 1 su-zo00 M o o

| ET— v 1 O =

] Fablral <1000 - a0 [N ™
| Frese Kanale Fditieren

Rdbradiss Hioa Retbhub

[attrecen || erntonen |

Here limits of the measuring channels, friction radius and the length of the stroke can be set. Since some measuring
channels may be engaged several times by sensor switching there is a selection field to choose from the possible
measuring values of that channel. For each measuring value a limit can be set that is saved. That way the limit doesn’t
need to be changed after a sensor switch. When opening the window the current configuration is displayed so that is not
necessary to use the selection fields. The limits are entered as positive values. They apply to positive and negative

direction. For example a limit of 500 applies to +500 and -500.
The friction radius at rotating movement and the stroke at linear movement are used to calculate the velocity of circulation

and the glide path, entered in “mm”. The program automatically recognizes by the module installed on the tribometer

which value has to be used. After entering all values are saved and loaded when the software is started next time.
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4.4 Program Selection Subwindow

In sector Prifmodus (testing mode) test programs can be created, saved or loaded. Different operation modes can be
chosen from. The standard modes provided by any tribometer are Rotation (rotation), Rampen (ramps) and Oszillation
(oscillation). Other modes require the corresponding add-on modules. They cannot be chosen until the module has been
connected. In the register field of each test mode the test prameters as well as the abort conditions for the program can be
entered. Possible abort conditions are friction coefficient, test duration, number of revolutions, glide path, and wear

(displacement).

4.4.1 Mode Rotation

The test is conducted at the defined direction. Either velocity of circulation or rotational speed (rpm) can be set. The value
of the indicated parameter can be entered. The other value is automatically calculated. The calculation satisfies the
equation:

v=2*1*r*n/ (60 *1000)

with v = velocity [m/s]
r = radius [mm]

n = rotational speed [min™]

The regular rotation can be superimposed with a vibration which is generated by a sinoidal fluctuation around the base
value. The amplitude of the vibration is the max. deviation from the base value of the rotational speed. The overlayed
frequency is a sinus frequency in “Hz”. For example the base value is 500 min™ and the amplitude 50 min™', the rotational

speed will deviate between 450 and 550 min”'. Moreover abort conditions can be set.

%! Program Setup

Programmauswahl

Rotation | Rampen ‘ Oszillation ‘ Linear Oszillation | Schwungmassensim.

(%) Drehzahl :) 50,0 [rin-1] Drehrichtung

() Umlaufgeschw. ;)0,0785 [rmj's] L >R

@i» vibration Abbruchbedingung

Amplitude  +/- ;)w [min-1] () Reibkoeffizient = 0,000
Frequenz SJ 10,0  [Hz] ) 2Zeit ;JJ 2,00 [h]

() Umdrehungen | g
Lasteinkopplung 4

() Strecke o0 [rm]
Einkoppelzeit 1,0 [rnin] 3
4 () ¥erschleill =] [m]
Interval 10 [s] )
2yklen —® Inaktiv Hl1

Abbrechen ‘ | Ubernehmen‘
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4.4.2 Mode Ramps

In this program mode a set value of rotational speed increases within a defined period of time, is hold for a defined time
and decrases within a defined period of time down to zero rpm. It is possible to enter 10 different ramps into the table.
Each ramp can be repeatedly executed. The times of the ramps are entered in minutes and limited to 500 minutes. If a
repeating value of 0 is entered, the ramp is executed only one time. For a value of 2 a total of 3 ramps is executed. An
abort condition is not required since the test is automatically stopped after all ramps have been completed. Other abort

condition (Abruchbedingung) can be set.

&1 Program Setup

Programmauswahl

Rotation Rampen Dszillation ‘ Linear Dszillation | Schwungmassensim.

Drehrichtung LD R
R.P.M. [min-1] Anf [min] Halten [min] AbF [min] widh 3
1 500,0 10,0 50,0 5,0 10
2 100,0 1,0 1,0 1,0 1000
3
4
]
&
7
g T
Abbruchbedingung
() ¥erschleilt o [pm] () Umdrehungen | 0
() Reibkoeffizient 0,000 () Strecke “lo,0 [rn]

Abbrechen ‘ | I'.'Ihernehmen‘

4.4.3 Mode Oscillation

The oscillation movement takes place at a defined rotational speed within a segment of circle specified by an angle. At the
angle boundaries the direction of rotation reverses. Values for rotational speed or the velocity of circulation as well as the
angle of rotation or the frequency have to be set. Once one value is entered the other corresponding value is automatically
calculated. The rotational speed of this mode is limited to a max. value of 300 rpm or 5 Hz respectively. If the entered
values exceed the limits of this test mode the highest possible value is automatically set. Moreover other test conditions

can be set.

The calculation angle or frequency satisfies the following equation:
f=n/60*360°/¢@ *2

with  f = frequency s
n =rotational speed [min'1]
¢ =angle []

For the equation of how to calculate rotational speed and speed of circulation see Mode Rotation.
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Oscillation applies to a defined position or to the current position. If a position is defined (0 - 360°), this position will be
approached at low speed before oscillations actually starts. When an oscillation being executed is aborted by the software
the segment of circle will be not left.

Oscillation can be overlayed by vibration which is generated by a sinoidal fluctuation around the base value.

The amplitude of the vibration is the max. deviation from the base value of the rotational speed. The overlayed frequency

is a sinus frequency in “Hz”. For example the base value is 100 min™ and the amplitude 20 min™", the rotational speed will
deviate between 80 and 120 min™.

2 Program Setup

Programmauswahl

Rotation | Rampen Oszillation |Linear Oszillation | Schwungmassensin.

(=) Drehzahl 9100,0 [min-1] (5 Winkel 9130 [°]
() Umlaufgeschw. 90,1571 [mfs] () Frequenz 91,57 [Hz]

@IL>» Start von Position 990 [¥] Abbruchbedingung

) Reibkoeffizient 0,000

@i>» Yibration ) 2Zeit 'J_ﬂ_nﬂ [h1
Amplitude  +/- 9|_w [min-1] O strecke oo ]
Frequenz ylu,l] [Hz] () Verschleiff Jo [r]

Abbrechen ' | Ubernehmen'
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4.4.4 Mode Linear Oscillation

In this mode a rotating movement is transformed into a translational movement on a linear way by means of the Linear
Oscillation Module. On this mode only the rotational speed can be set. The max. value of the rotational speed is 300 rpm,
corresponding to 5 Hz. The distance, not depending from the rotating angular, satisfies the following equation. The

calculated distance is the mean value of the rotating movement.

s=n*2*H*t (60 * 1000)

with s = displacement[m]
n = rotational speed [min'1]
t =time [s]

H = stroke [mm]

&4 Program Setup

Programmauswahl

Rotation | Rampen @ DOszillation Linear Dszillation Schwungmassensim.

Drehzahl a 100,0  [min-1]

Abbruchbedingung

() Reibkoeffizient 0,000

) Zeit o000 [h]
(%) Anzahl Hiibe QW

(") strecke Z'J_ 0,0 [m]
() ¥erschleifd Z'J_ i} [pm]

Abbrechen ' | Ubernehmen'

To assemble and disassemble the Linear Oscillation Module you can travel to a defined position. After pushing the button

“Anfahren (travel)” the position is automatically traveled to.

2 Position

Auf Position fahren

Position o Pos i
I

Anfahren =
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4.5 Data file Setup Window

In order to generate a measuring file and a protocol file a path has to be named and the disk symbol enabled (it is enabled
if no cross appears). The measuring values are binary saved in a *.trm file (tribometer measured values). They can be
viewed using the Analysis tool. It can be defined if the measured values should be subsequently converted into different
formats by enabling the disk symbol. Possible formats are ASCIl and Diadem. During converting into ASCII format the
measured values are written into a textfile with tabulator separation. Diadem of National Instruments is professional
software to analyse data and generate reports. Converting can also be done subsequently using the Analysis Tool.

In the protocol file testing data such as project, operator, materials, lubricants, normal force and tests specimen as well as
a header can be entered. These data is saved together with the test program as ASCII text into a *trl file (tribometer

logfile). This kind of file can be opened by any program able to read *.txt files.

i+t Datafile Setup

Messdatei Einstellungen

Datei schreiben H Konvertieren in ASCIL N Diadem N
Messrate ;ﬂ 10 pro sec

Dateipfad

lqn C:\TempiTest3 trm 3
Projekt i---

Bearbeiter !---

Material A }---

Schmierstoff i

Material B j---

Triboelement =

Yorgabe Mormalkraft .'. i} [m]

Schmierstoffmenge :ﬂ 1] :Iﬂ[ml,l’h]

Freitext

The sample frequency can be chosen from 100 samples per second (100 Hz) and one sample per 100 seconds (0.01 Hz).
Please consider that a high sample rate will lead to a very big measured value file for long-time tests. For memory reasons
a file that big may not be opened by the Analysis Tool. The maximum data size depends on the system and on the

number of recorded measuring channels.
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4.6 Control Window

On this window test programs can be started and measured and calculated data be viewed. Moreover with the heater

installed temperature and normal force can be set.

i3 Control

Optionen

TriboControl uﬂg_ wax oo 7
Moment
| -0,08
Kraft I -0 [r] §e y\!m -
Drehzahl E” 50,9  [min-1] Miny J!-lo,oo 2 I
Umlaufgeschw. | 0,1064  [m/s] Max gilﬂﬂﬂ 7 -
Strecke I 0,32 [m]lﬂ Werschleil 7|
Umdrehungen 'T i U -
+ pm
Temperatur l 25 o] /Min gmnn—_, |
Testzeit loo :Joo :jos [F] ox o0 1 =
Tampstaioi R
-
Regler Kraft @ Al ol
Sollwert Kraft 4 soo  [N] M5 Jin =
wax o003
PROG OVYL LMT Reset Blocking R b:}fﬁ 3
. — e eiblosffizient
oCeec o T

Nullpunkt () 2 5
~ . Rampe | 0 in - £ :
RMS . Ramp Min EI]n,nnn
verschleif Aus ~  Wdh l o Max jimnn H
2] oo,

Anzeigezeitraum i_ J0min ¥ | Reiblraft Berech,
| -39
Starten Beenden 4 M
Stop Programm r_.J Hir 9;&0
Programm I(Kain Pfad > Status I

If all entries on the setup window are enabled and the wear (displacement) sensor is within its working range, a test
program can started by pushing the “Starten (start)” button. During program execution measured values and calculated
values are displayed on the numerical fields and the plots. If no program is enabled data is only displayed on the
numerical fields. The refreshing rate is 1 Hz. The period of time of the measurement on the plots can be changed using
the option field. The minimum is 10 minutes, the maximum is 12 hours. To change the y-axis, upper limits and lower limits

can be entered on the fields ,max® and ,min“.

4.6.1 Plot Columns

The measured values shown on the plot columns can be chosen from the submenu “Einstellungen (preferences)” on the
test menu. The assignment is based on the measuring channels that can be shared. If the set size is not possible due to
the system configuration, the plot columns is dimmed displayed. The bar at the end of the plot columns shows the ratio of

the current value to the measuring range. The plots can be displayed in a bigger size using the magnifier symbol.
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The values friction coefficient and friction force at rotating movement are calculated values satisfying the following

equation:

Friction coefficient at rotating movement:

H=M*1000/Fy*r

with = friction coefficient [-]
M = friction torque [Nm]
Fn = normal force [N]

r = radius [mm]

Friction coefficient at linear movement:

M = Fr/Fx

with = friction coefficient [-]
Fx = normal force [N]

Fr = friction force [N]

Friction force at rotating movement:

Fr=M*1000/r

with  Fg = friction force [N]
M = friction torque [Nm]

r = radius [mm]

4.6.2 Numerical Display

The numerical fields in the left area show calculated and measured values. Normal force and rotating speed are
measured. Velocity of circulation, glide way and revolutions at constant rotary movement or oscillation of the Linear
Oscillation Module are calculated values. The direction of rotation is displayed in the rectangular box next to the rotational
speed. “R” means right, “L” means left.

If the values of time and glide way shall not start at zero but continue at the last value, the button “F” next to the numerical
display has to be enabled. That way the total of time and glide way for a specimen can be saved if a test is interrupted or

different test programs are executed.
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4.6.3 Further Buttons and Displays
There are three LEDs for Overload (OVL), Limit (LMT) and program execution (PROG).

If an overload occurs the button “Reset” has to be enabled to enable the drive. The button ,Blocking“ blocks the drive to
change the specimens.

With the button ,Nullpunkt (zero point)” the offset adjustment for normal force and torque is executed.

The button ,RMS* enables the root mean square (RMS) rectifier. To run a test without wear (displacement) measurement
the button ,Wear Off* has to be enabled.

These buttons can only be enabled if no program is running.

If a program is running the current ramp, the repeating number, the currently running test program, and status messages

are displayed at the lower edge of the window. The status line can be deleted with the button ,L*.

4.6.4 Controller Temperature

If a heater is installed it can be turnt on and desired values set by means of the corresponding button. The software
automatically recognizes which temperature module is connected (high temperature or standard) indicated by the
rectangular box. “N” indicates the normal heater “H” indicates the high temperature heater. In this field desired values for
temperature controlling can be entered. The heater is enabled according to the set desired temperature by enabling the
tracer “EIN (on)”.

|

Regler Temp EI C__ =5 Aug
Sollwert Temp ‘,:.:JI 150 [*C]

4.6.5 Controller Force

By means of this field the desired value for force can be entered. The normal force controller is enabled according to the
set desired force by enabling the tracer “EIN (on)”. This is done after or shortly before the specimens are pressed against

each other by means of the lift controller. The max. control speed is ten times smaller than the max. speed of the lift unit.

|

Regler Kraft =3 Aus
Sollwert Kraft ,".)I soo  [M]
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4.6.6 Menu Options

The menu point ,Optionen (options)” of the runtime menu allows the user to enter settings, save surface settings, travel to

defined positions and open the Analysis Tool.

4.6.6.1 Settings

By means of this menu point language, COM connections and plots can be chosen or assigned respectively. Once the

COM device is connected to the computer the assignment of the COM connection is displayed on the device manager.

The settings for language and COM connections are not enabled until a re-start of the computer. It can be chosen

between English and German. To trigger the temperature controller and the drive the connections have to be assigned to

the corresponding COM ports. It can be specified which suffix the ASCII file should have, *.txt or *.asc. The plot assigment

is executed immediately. The type of measured values are separated by the symbol ,/“.

Settings

Einstellungen
Sprache

Temperatur COM
Kraft COM

Antrieb COM
Board Nr. 1

Endung ASCII-Datei

Plot-Zuordnung
Plot 1
Plot 2
Plot 3
Plot 4

Plot 5

¥
¥
¥
-

_:—}iMoment

aé\u'erschleiﬁ

E‘ﬁTemperatur M [ Temperatur H

E)}Reibkoeffizient !

_E:EReibkraFt Berech. |

| Abbrechen | |I'.'Ihernehmen‘

£, Device Manager

File  Action  Wiew Help

m & 2 A

=,
+ _J Zomputer
) e Disk drives
+ :g Display adapters
ik DVDJCD-ROM drives
i) Floppy disk contrallers
+ ﬁ, Floppy disk drives
- fidg Human Interface Devices
+ IDE ATA/ATAPL contrallers
+ - Kevboards
+- "} Mice and other pointing devices
-5 Manitars
=+ EE Metwork adapters
= % Ports (COM & LPT)
,l_};‘ Comrmunications Port (COM1)
5 Priniter Part (LPTL)
n__v Prolfic USE-to-Serial Comm Port (COM)
,,__\;' Prolific USE-to-Serial Comm Part {COMS)
+ a Processars
#- @), Sound, video and game controllers
o
=

System devices
Universal Serial Bus controllers
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4.6.6.2 Autotuning Temperature / Normal Force

By means of this menu point autotuning for the temperature and force controller can be conducted. To do that a sub
window has to be opened which shows the current PID parameters of the controller and the date of the last tuning. To
start the autotuning mode a desired value has to be set, that was reached before through a regular desired value setting
and controlling, around which the temperature fluctuates. From the response behavior of the temperature another PID
parameters are determined and saved. If different heaters are available each heater has to be tune individually. Using the
tracer “Werte schreiben (enter values)” allows the user to enter manually PID parameters. Autotuning for normal force
should not be done until the user has contacted a Wazau specialist. The parameters for normal force and temperature

control are set ex works, providing an optimized setting for most applications.

& Temperatur controler |51/ 155) [ %=/ Force controller
Auto Tuning Temperatur Auto Tuning Normalkraft
Aktiv =] Aktiv ="
Sollwert ;‘) 100 Sollwert ;) 100
Datum 06.03.2006 Datum
Regelung P ;‘) 8,0 Regelung P ;) 0,5
Regelung I ;‘) 150 Regelung I ;) T
Regelung D a) 2 Regelung D ;) 1
Werte schreiben - werte schreiben =
Istwert 75 Istwert 0

Tune ‘ ‘ Abbrechen ' Tune ' | Abbrechen '

4.6.6.3 Lift Operation

By means of this menu point the drive block can be moved. The downward movement is controlled by the force sensor
and stopped if both specimens touch each other. The upward movement is controlled by a limit switch. The upward or
downward movement is controlled by the arrow buttons. Pushing the button enables this mode until it is released again.
Pushing the down button executes the offset adjustment before the block starts moving downwards. Therefore the
movement of the block is time-displaced to the activation of the button.

IMORTANT! The spindle must never be removed from the ball circulation unit. The unit is prestressed
and must not be taken apart. Disassembling the block is not allowed!

A
v

Page - 46



4.7 Analysis Window

By means of this tool the saved binary data is visualized and converted into other formats. To open a *.trm file choose

“Datei 6ffnen (open file)” from the runtime menu. Then x-axis and y-axis have to be assigned. It is possible to display two

y-axis over the time or the glide way.

The axis sections can be specified by the min/max fields if the option “Bereichswerkzeug (section tool)” is disabled. In field

“G” the number of decimal digits can be entered. Using the “Bereichswerkzeug (section tool)” several functions to display

the plots (pictogram croos, hand, magnifier) can be chosen from. The option “Hilfslinien (auxiliary lines)” generates the

stated number of horizontal lines.

iz} Analyse

Datei Plot

0,036 -

—-861,7

0,034

--870,0

0,033

-878,4

0,031

-566,8

0,029

-895,2

0,028

0036

0,026

-012,0

0,025

-920,4:

0,023
L

-928,8

0,021
o

-037,1

E 0,020

-945,5

2 0,018

-
B 0,017
o

-953,9

& 0,015

--962,3

[1-unu] pyezyasg

--970,7

0,014

-979,1

0,012

--987,5

0,010

-095,3

0,009

—-1004,3

0,007

-1012,6

0,006
0,004

-1021,0

0,002 -

B
17:30  17:32 17:34 17:36 17:38 1740 17:42 17:44 17:46

RETEEREE
1748

i
17:50 17:52

--1029,4

Voo 1037,8

1754

Y-Achse 1
Reibkoeffizient - 1 |

Y-Achse 2
Drehzahl - |
max G min max G Hilfslinien

min max a min
iﬂoo £ﬁ35:00 i}]_o €-)!0,000 Q]qzoo = B 3}]-1050,\ \’;}]0,0 a1

X-Achse
| Zeit

|||

Anzahl i 20

Reibkoeffizient [-]
Drehzahl [min-1]

Bereichswerkzeug G

HE

Beenden

=

The Runtime Menu

By means of the menu point ,Date (file)” the binary data can be converted by the ,Konvertieren (convert)” sub menus to

the corresponding data formats (ASCII, Diadem).

All files are generated with the same name in the same directory.

Using the menu point “Plot” saves the displayed data as graphic data in Bitmap (BMP) or Portable Network Grafic (PNG).

The displayed data can be printed by means of menu point ,Drucken (print)”.
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4.8 Recipe Controller

As alternative to the control program the controlling can be executed in recipe steps. Operating parameters can be
entered in a list that is executed sequently. A step is considered executed if the desired operating parameter has been
reached, e.g. rotating speed, normal force or temperature has reached the desired value or the entered holding times or
gliding ways.

To enable the recipe controller the button on the section “Priifmodus (test mode)” on the setup window has to be set to
“Rezept (recipe)’. There the programmed recipe steps are displayed.

Mess- und Grenzwerteinstellungen

Name Einheit
Drehzahl min-1
Moment Nm
Normalkraft N

Dr. - Ing. Georg Wazau Mess- und Priffsysteme GmbH
Keplerstr, 12
10589 Berlin, Germany
Phone 0049-30-344 30 88
Fax 0045-30-344 19 76
Internst http: [ frww, wazau,com
eMail info@wazau,com

Reibradius Andern l Freigabe !

Priifmodus o Messdatei o
Dateipfad > Rezept Pfad Messdatei %) ASCII §4d Diadem B4
Il::\l‘ b e und Einstell ' Torsten',Desktop' Tests' Rezept |<Kein Pfad>

Programm Protokoll

1. Rotation Rechts mit 50,0 min-1 mit Rampe 10 min-1/s Projekt: —

2. Temperatur 100 °C =- Bearbeiter: —
3. Halten (Strecke) 10,00 m
4. Normalkraft 50 N mit Rampe 5 N/min Material A: ——-

5. Halten (Zeit) 0,50 h Schmiermittel: -—

6. Rotation Rechts mit 1000,0 min-1 mit Rampe 10 min-1/s Material B: -—-

7. Halten {Zeit) 0,20 h Triboelement: ---

8. Temperatur 50 °C Mormalkraft: 0 N

9. Normalkralft 10 N mit Rampe 5 N/min ‘Schmiermittelmenge: 0 ml/h
10. Programmende

~

w
Messate | i0posec [ andern | [rosaaee |

Recipe programs can be loaded and saved. If a saved program is to be loaded the tribometer configuration has to support
the determined recipe steps. To change a recipe program enable the button “Andern (change)’. A sub window will open in
which the program can be edited and abort conditions be set.
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i Batch Control Setup

By means of the button ,Bearbeiten (edit)” in a sub window recipe steps can be altered, added or deleted. The button
“Ubernehmen (accept)” accepts an altered program. “Abbrechen (abort)” will reject the changes. Other abort conditions
can be set to end the recipe program safely.

i- Batch Control Setup

On the left side the edit window shows a selection of possible recipe Steps. Thereby the current tribometer configuration is
considered so that only functions that can be executed are enabled. On the right side the corresponding configuration
parameters are displayed. With the option field on the right a recipe step can be added to the program. To do this use the
numerical field “Zeile (line)”.
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The different recipe steps are explained hereafter.

Rotation
Setting direction of rotation, rotational speed, and rotational speed ramp. On changing the direction of movement of the
drive the rotational speed ramp goes down to zero. Then it speeds on the other direction at the set rotational speed ramp.

il Edit Batch

Oscillation
In the oscillation mode the rotational speed and an oscillation angle is set. If the set values exceed the allowed frequency
the settings are automatically adapted.

Edit Batch
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Vibration
The vibration is generated by an overlayed sinoidal rotational speed fluctuation. If an amplitude bigger than zero is set

vibration is enabled. If zero is entered vibration is disabled.

il Edit Batch

Temperature
Temperature Steps are considered finished if the current temperature differs from the desired temperature by no more

than 1°C.

i# Edit Batch

Normal force
On the normal force control system the change of the force can be entered with a ramp. The step is finished if the normal

force differs from the desired value by 1 N. If “0” is entered in the field “Rampe (ramp)” the desired force value is directly

activated by the control system.
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[&! Edit Batch

Hold
This recipe step inserts a holding time in between two steps. That can be done by entering a value for time or gliding way.

Time can be entered in minutes or hours.

il Edit Batch

End

This command ends the recipe program. That means saving the measured values is finished, normal force and rotational
speed have a value of zero, the heater is turnt off. If the “Ende (end)” step is not added the tribometer remains in the last
set state (rotational speed, temperature, normal force) with ongoing recording of the measured values.
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5. Starting a Test

5.1 Turning on and off

Turning on:

1. Turn on the computer and load Windows XP completely.

2. Turn on the main power switch on the control rack and start the software TriboControl after 5 seconds.

3. Control rack, test rig and computer should warm up before the first test for at least 20 minutes to make sure all electrical
components reach a uniform temperature.

4. Mount your specimens and make all necessary settings on the software.

Turning off:
1. Quit the test and controller enablings for heater and normal force.
2. Quit the software and turn off the main power switch on the control rack after 5 seconds.

3. Quit Windows and shut down the computer.
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5.2 Installing specimens / Offset adjustment

1. Installing the specimens

1.1 Mount the specimens to the suitable jig/adapter such as specimen pot or specimen support.
1.2 Mount the specimens to the specimen holder of the air-bearing spindle outside of the test rig. Mounting the
specimen to the air-bearing spindle is only allowed if the compressed air is applied. This is indicated by the green shining

of the LED Air. For lubricated tests pour the lubricant into the specimen pot.

2. Adjusting the offset for force and torque (friction force)

2.1 See description of the Module Force.

Adjusting the normal force

3.1 Set the normal force by means of the desired value entry and enable the controller on the software.

Adjusting the offset for wear (linear wear amount/displacement)

4.1  See description “Setting up the Wear Measuring System”.

5. Start of the Test
Enter the desired test conditions in the software and enable then ,Start* on the software to start the test.
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6. Setting up the Wear Measuring System

To adjust the wear measuring system the normal force has to be applied on the specimens so that they are pressed
against each other. Let the control system adjust the normal force completely. That means the desired value is equal the
actual value. Place the red bar spacer on the edge of the linear table which is also the measuring reference point of the
wear (displacement) measuring system (picture 1). Bring the wear measuring unit carefully down to the red bar spacer by
loosening the clamping lever (picture 2, 3). Then fix the clamping lever again. Remove the red bar spacer from between
the wear measuring system and the edge of the linear table (picture 4). Turn on the wear measuring system by disabling
the button “Wear Off”. Now the laser diode is enabled. Enter the parameters on the window “setup” of TriboControl and
enable all three LEDs with the button “Freigabe (enable)”. Now change to the window “Control” of the software. If the
button “Start” is enabled in the software the measuring range of the laser-optical sensor is in the middle position of the
total measuring range (picture 5).

The state of the middle position of the measuring range is also indicated through the yellow shining LED “State” (picture
6).The offset adjustment occurs automatically after the button “Start” was enabled before the drive was started. If the wear
measurement is turnt off by the button “Wear Off” the adjustment is obsolete. A program can be executed in the software

any time. Hence setting up the wear measuring system is not necessary and wear cannot be measured.

Bar spacer Clamping lever

Linear table
Edge

Picture 1

Wear Measuring
System

gt

"
w
-

s

| _optoNCDT o .
QW @ Laser-optical

O Displacement
(wear) sensor

Bar spacer

Linear table
Edge

Picture 3 Picture 4
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Siaten | Beenden [ starten ‘Beenden
stopProgramm | (0] Stop Programm ©

Picture 5

LED State

LED State - Functions

off Laser diode OFF

red Error or displacement sensor out of measuring
range

green No error or displacement sensor within measuring
range

yellow No error or displacement sensor within middle

position of the measuring range

Picture 6

LED State
Functions

IMPORTANT! After each test, before moving the drive block upwards, move the unit back to its initial position (picture 6).
That means that the unit is considerably moved off the measuring position. That way the space for mounting specimen
holders and assemblies is increased. Make sure the normal force DOES NOT apply by means of the unit on the

displacement sensor before the specimens touch each other when the lift moves the drive block downwards.

IMPORTANT! Loosen carefully the clamping lever so far as it can be shifted.
Never loosen the clamping lever so far as the measuring system drops out damaging the laser-optical displacement

sensor.

Initialposition
Wear Measuring
System

Picture 7
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7. Linear Oscillation (option)

The linear oscillation contains two modules used in combination. There is the module air-bearing unit to measure friction
force and the module linear oscillation to transform the rotary movement into a linear movement. Setting up the test
parameters such as normal force and rotational speed as well as setting up the wear measurement is done analog to the

other modules as specimen pot and specimen support.

Linear
Oscillation

Displacement
(wear) Measuring
System

Air-bearing Unit
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7.1 Linear Oscillation

The module is composed of an adjustable eccentric which transforms the rotary movement into a linear movement,

moving the ball-pin carrier (option) in a linear (translational) way. The max. amplitude of the Linear Oscillation is + 10 mm

Adapter

Linear
Oscillation
Carrier

Ball-Pin-Holder

IMPORTANT! The max. rotational speed is 300 rpm (5 Hz). The max. normal force for the Linear Oscillation is 200 N.

The max. amplitude is £ 10 mm.
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7.1.1 Adjusting the Amplitude

Turn the eccentric until the adjustment screw inside the eccentric opening becomes visible (picture 1, 2).
The adjustmen screw can be adjusted using a socket wrench.

If the amplitude adjusted before is not known turn the socket screw all the way to the right.

Then the amplidude is 0 mm. Turning the screw to 360° equals an amplitude of + 0.5 mm.

o R~ weDh =

The maximum range of £ 10 mm is reached after having turnt the socket screw 20 times to 360°.

Eccentric

Picture 1

Adjustment
socket screw

Module Translational Movement Bell‘ olde

Picture 2
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7.1.2 Assembly of the Linear Oscillation

1. Mount the ball-pin carrier to the linear oscillation. Fix a ball or a pin to the carrier (picture 3). The scope of delivery
provides a 10 mm ball holder.

2. On the software menu ,Optionen (options)” go to ,Position anfahren (travel to position)“. Press the button
“Anfahren (travel)” and close the window (picture 4). The drive moves now the the air-bearing spindle to a defined
position in order to assemble or disassemble the linerar oscillation.

3. Without changing the position of the air-bearing spindle, mount the adapter so that it is assembled as shown on
picture 5. To simplify the the assembling of the adapter you may press the button ,Blocking® on the software to
keep the air-bearing spindle in position.

4. By turning adjust the eccentric of the linear oscillation so that the groove of housing and eccentric is in one line (in
picture 6 the groove doesn’t match!).

5. Place carefully the linear oscillaton on the corresponding support of the tribometer (picture 7). Fix the linear

oscillation by the four corresponding fixing screws on the support of the tribometer.

Ball-pin carrier

Thread for specimen holder for pin or ball

Picture 3

5! Position

Auf Position fahren

Position ,"_)] Pos 1

Anfahren =

Picture 4 Picture 5
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roove

Eccentric

Picture 7

Fixing screws

7.1.3 Disassembly of the Linear Oscillation

6.

On the software menu ,,Optionen (options)” go to ,Position anfahren (travel to position)“. Press the button
“Anfahren (go to)” and close the window (picture 4). The drive moves now the the air-bearing spindle to a defined
position in order to assemble or disassemble the linerar oscillation.

Loose the four fixing screws on the support of the tribometer.

Take carefully the linear oscillation from the support of the tribometer (picture 7).

Disassemble the adapter from the air-bearing spindle (picture 5). To simplify the the assembling of the adapter

you may press the button ,Blocking® on the software to keep the air-bearing spindle in position.
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7.2 Air-bearing Unit

The air-bearing unit is composed of a linear air-bearing supporting the specimen carrier, and a friction force sensor. By
means of a leaf spring the linear air-bearing is connected to the friction force sensor.

Only use the air-bearing unit for tests if sensor plug and compressed air plug connection are connected to the test rig and
the compressed air conditioning is complete.

Only use the air-bearing unit together with the normal force sensor with the measuring range = 1000 N. The max. allowed

normal force applied on the air-bearing unit is 200 N. The friction sensor provides a measuring range of + 100 N.

Specimen carrier  Specimen

Air-bearing unit

Handlebar

Fixing screws

Friction force
sensor

Compressed air plug
connection

Sensor plug
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7.2.1 Assembly Air-bearing Unit
10. Mount carefully the air-bearing unit on the support of the tribometer (picture 8). In doing so move the air-bearing
unit carefully by means of the handlebars.
11. Tighten the air-bearing unit to the linear table (support) of the tribometer by means of the fixing screws.
12. Connect the sensor plug to the friction force socket on the amplifier module as well as the compressed air plug
connection to the socket next to the amplifier module (picture 9). The compressed air plug connection can be
loosened by moving the clamping ring backwards. This can be done under pressure or pressureless.

13. Assemble or disassemble the specimen to the specimen carrier on the specimen support of the air-bearing unit.

IMPORTANT! The max. normal force of the air-bearing unit is 200 N.

IMPORTAN! Assembly or disassembly of the specimen on the specimen carrier must not be done as long as there is no
compressed air applied on the air-bearing spindle. The air pressure is applied if the LED “Air” is shining green and the air-

bearing unit is connected to the tribometer by means of the compressed air plug connection.

Air-bearing unit

Fixing screws

Support

Amplifier module

Sensor plug

Compressed air plug
connection

Clamping ring

Picture 9
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8. Four-Ball Apparatus (option)

By means of the four-ball apparatus friction mechanisms on loaded balls until welding can be investigated. The diameter
of the four balls is 12.7 mm each. The applied load may range to the max. measuring range of the tribometer. The mode
of motion on this module is rotation. The setup of the test parametes such as normal force, rotational speed as well as the
setup of wear (displacement) measuring is conducted analog to the other modules as specimen pot and specimen plate.
In order to avoid impact areas on the balls don’t use the Lift function to bring the balls completely together, but use the Lift
function to approach the balls and stop it before they touch each other. Align the ball carrier, set the desired normal force

on the software, and turn on the normal force controller (see chapter 4.5.6). That way the balls are slowly pressed on each

other.

Wear
(displacement)
measuirng system

Ball holder with one
balll

AR RS

Ball holder with
three balls
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8.1 Mounting Ball Carrier

Place the three balls into the carrier and tighten the unit by means of the nut. Assemble carefully the nut with the unit
using both open-end wrenches (picture 10). To make sure that all four balls are in permanent contact in a horizontal
position, a ball is mounted under the ball support. To do that first mount the fixing screws on the support and place the ball
in the middle of the counterbore. Then place the assembled ball carrier on the support (picture 11). Tighten the specimen
plate on the support by means of the fixing screws (picture 12).

Picture 10

Fixing screws
Ball Nut Carrier

Picture 11

Ball . Ball carrier
Fixing screws
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Picture 12

8.2 Assembly Ball Holder

Place the ball into the carrier and tighten the unit by means of the nut. Assemble carefully the nut with the ball holder using

the open-end wrench (picture 13). Mount the ball holder to the air-bearing spindle of the tribometer (picture 14).

Nut

Picture 13

Ball holder
Ball

Fixing screws

Picture 14
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9. Specimen Dimensions
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Specimen disc for specimen holder (air-bearing spindle)
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