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1. Safety rules

1.1. Observance of safety rules:

This four-ball tester embodies the latest techngldgs safe and reliable
in operation when properly used in compliance \thin safety rules.

The relevant accident-prevention regulations ahérogenerally
recognised safety rules must be observed.

Observe the safety rules: your health is at stake.

All persons involved in setting up, operating, s&ng, repairing and/or
inspecting the four-ball tester must have readwarterstood the safety
rules below.

The four-ball tester may be operated only by auskdrskilled personnel
trained in its use.

Responsibility for operating, servicing and maintag the four-ball tester
must be clearly defined and adhered to.

1.2. Normal use:

The four-ball tester is suitable for testing lulants mechanically.

Abnormal or improper use may:
endanger life and limb,
endanger the environment, and also
endanger the four-ball tester, and
endanger other physical resources



1.3. Safety features on the four-ball tester:

Main switch Q1 0 = System OFF.
| = System ON.
Circuit breaker Q2 0 = FBT motor overload.
| = FBT motor ready for operation.
Circuit breaker Q3 0 = Control voltage overlopdiary.
| = Control voltage ON, primary.
Circuit breaker Q4 0 = SPC* supply voltageerdoad, primary.
| = SPC supply voltage ON, primary.
Safety cut-out  F1 0 = Overload, socket dtitle 2.
| = Voltage to socket outlet 1 + 2 ON.
Safety cut-out F2 0 = Control voltaxyerload, secondary.
| = Control voltage ON, secondary.
Safety cut-out F3 0 = SPC supplyagdt overload, secondary.
| = SPC supply voltage ON, secondary.
(* SPC = Stored-Program Controller)

1.4. Transport and setting up:

Caution: the four-ball tester can crush you!

Use only sufficiently powerful conveying equipméfark-lift truck,
crane, cable).

Do not walk underneath the four-ball tester whilis ifted.

Keep a sufficient safety distance.

Do not lift the four-ball tester higher than ne@gs

Wear protective clothing (helmet, gloves, safetgtbh

Never reach your hand under the four-ball tester.

Allow for the floor’'s load-bearing capacity. Thestallation site must
withstand the load of the four-ball tester. Youwdddave the
calculations done by a statics expert.



1.5. At the workplace:

Oil on the floor causes danger of slipping. In coation with heavy parts
or sharp tools this can cause you serious injury.

Ensure that the workplace is clean and well-lit.

Beware of hot and sharp objects (NB: the ball augery hot after
abrasion- and welding tests).
Wear protective gloves.

Never put your hand in the spindle’s working ardalevthe tester is in
operation. Loose clothing, long hair, necklacesysi bracelets, wrist-
watches and neckties can get caught in the spbadidiolder.

1.6. Cleaning and servicing:

Regular cleaning and servicing maintain the fodrtester’s safety and
reliability in operation.

Switch off the four-ball tester’'s master switch dref cleaning and
servicing.

Secure the master switch against unauthorisedleangton (padlock).

Even when the master switch is off, parts of tleeteical system are
energised, salways keep the control cabinet locked

The interior of the control cabinet must not beanked:.danger of electric
shock.

Explosion hazard!

Oil-mist and air in combination can form an expl@smixture. Do not
therefore blow-clean the four-ball tester with coegsed air or oxygen.
Avoid naked flames (smoking).

Make provision for rapid control of fire.




Cleaning agents which attack plastics, rubber ortpanust not be used.
They may damage cables, sockets and indicators.

Cleaning agents may contain substances harmfidatih Follow the
manufacturer’s guidelines.

1.7. Electrical equipment:

All work on the electrical equipment such as cotioaco the mains,
servicing and repairs may be carried out only bglifjad specialists.

Even when the master switch is off, parts of tleeteical system are
energised.

1.8. In emergency:

Master switch to OFF "0".

Give First Aid, call ambulance or doctor if persdrave been injured.

1.9. In the event of fire:

Switch off power supply (cut-out).
Call fire brigade.

Use only CO2 (carbon dioxide) to extinguish.

1.10. Mobile phones:

Caution: mobile phones should not be used nedotlreball tester.
Interference affecting the control and monitorimit @annot be ruled out.
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1.11. Accessories:

Fitting of accessories and other modificationdfour-ball tester
require approval from Hansa Press- und MaschineGimalH.

No attachments or modifications may be made tddbeball tester
which might impair its safety or reliability in ogion.

1.12. Protection of the environment:

For the environment’s sake ensure that used tedts@rvice materials are
properly disposed of.

2. Operation

2.1. Switching on:

Four-Ball Tester ready to operate: Main switch (QN “I”.

Caution: Danger of injury.

Never reach into the spindle operating space whéd-our-Ball Tester
Is switched on (main switch position (Q1) ON “I”)

Never put your hand into the rotating spindle wogkarea

while the Four-Ball Tester is operating.

When working inside the spindle operating area: d&Islire that the
main switch is in the position OFF “0”.

2.2. Switching off:

“System off” main switch (Q1) OFF “0”.



2.3 Control and monitoring unit

Descrption of the controls on the front of the siwgear cabinet(circuit
diagram)

U4: Display and Operating Unit

This device is equipped with all control and digpééements needed to set up and
start the four ball tester.

The unit performs a self test after turning onrrgn switch (Q1). Once the self test
is finished, the first screen of the operating wpiens.

i Hansa Press.- und Maschinenbau GmbH

Jacobsenweg 18
[-22525 Hamburg
Tel. :004240-543954 Fax: 5406248

dentsch il english e espafiol frangais

Fig. 1: U4 display and operating unit

The FBT (four ball tester) is operated via menuge $elections depicted by the
display can be used directly on the screen. A rareées with menus opens once a key
has been pressed or a digit has been enteredidline &bove depicts the start screen.
The following is an example used to illustrate Hovoperate the unit.

Example:
A test is to be performed for one hauthout frequency converter (FC).

First, enter th@ominal value. Press the desired language to open the selenton
screenUsenominal values settingto open the rotation, counter, and time setting
menu screen. However, since the time has to besethe down arrow key on the
key panel on the right 2x. The number for the ses@talrts flashing (set time). Use
the number keys to enter a number between 0 aashéd@onfirm withENTER. Use
the down arrow key 1x and the minutes start flaghise the number keys to enter a
number between 0 and 60 and confirm VIEINTER. Use the down arrow key 1x and
the hours start flashing. Use the number keys terennumber between 0 and 999
(this example uses 1) and confirm WHENTER.
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Start Screen

Hansa Press.- und Maschinenbau GmbH

Jacobsenweg 18
[D-22525 Hamburg
Tel. :004340-543954 Fax: 5406245

deutsch il english il espafiol B} frangal

Press the desired language (e.g. “english”)

The selection menu screen opens.

selection

operating mode

nominal walues setting

date/time setting

options

return Lo start page

Select nominal values settings.

The following menu screen opens.

irotation setting:
fR=ieE

Ecounter setting
HEZASOVED

Etimer‘ setting ¢

HE3h A m 2 s

R —

Press down arrow keyj 2x. The seconds field flashes. Enter “0” twice anssp
ENTER. Press down arrow key 1x. The minutes fielshiés. Enter “0” twice and
press ENTER. Press down arrow key 1x. The houid fli@shes. Enter “1” once and
press ENTER. Now the unit is set for one hour arapion. Press the left arrow key
in the lower left corner () to open to the operation mode selection menwescre
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The selection menu screen opens.

counter with FC

counter without FC

timer with FC

timer without FC

return to selection

Select operation mode.

The operation mode menu screen opens.

‘'operation mode;

counter with FC

counter without FC

timer with FC

timer without FC

return to selection

Select timer without FC.

The “timer without FC” menu screen opens.

timer without FG

rotation

counter
act.-walus

timer

start

mom. —uwalue

tTimer

stop

act.,-value

extern extern

reset

starting stoEprina
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If the display fields still list actual values gteathan “0,” the reset key must be
pressed. The selection menu screen opens.

operating mode

nominal values setting

date/time setting

optians

return to start page

Select operation mode.

The operation mode menu screen opens.

operation mode!

counter with FC

counter without FC

Limer with FC

timer without FC

return to selection

Select timer without FC.

The “timer without FC” menu screen opens.

timer without FC

rotation

counter

act.-values

timer  BR ressa mm pes
start am.—ualues :1_2.3h :12”1:];255

timer AR A i
StOp ct.-walues '1-2-3h .lzm.lZS:

extern extern
reset starting . stopping

Now press the start key. The FBT motor now rotéded hour and is then switched
off automatically. Press the reset key to returthéomain menu.
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Selecting Operating Modes

Hansa Press.- und Maschinenbau GmbH

Jacobsenweg 18
D-22525 Hamburg
Tel.:004940-543954 Fax: 54R6243

ioperation mode;

counter with FC

counter with FC

rotation

counter
nom. —walue

counter rotation

start

act.—uwalue

counter
timer
stop nom. —ualus

act.—uwalue

counter
extern extern start
reset starting E stopeing act.-value
timer
stop act.—value

- ; extern é

starting stopring

selection

operating mode

‘operation mode:

counter with FC counter with FC

counter without FC counter without FC

timer with FG timer with FC

T 4 T timer without FC
timer with FC = ==

timer without FC

rotation

rotation

counter

act.—wvalue

counter
timer act.-ualue
start nom. —ualus
timer
+ timer start nom. -ualue
SLop act.-value
sto timer
+ extern extern SMOP L act.—ualue
rese starting stopring i
extern
reset starting E Stopring
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Setting Nominal Values

selection

operating mode

nominal walues setting

- rotation setting
TERS

! counter setting

" H2AEETEY
ret

o timer sSetting

H23h $2m 12 s

Keypad for entering
nominal values.
Always press ENTER
after the input.

selection

rotation

counter
nom.—ualue

returl  start

counter setting ¢
HERHEETEY

stopi

reset.

operation mode:

operating mode

ioperation mod e: counter with FC

counter without FC

counter with FC

counter without FC

rotation

1234 rem

| rotation setting

| counter setting

ad
3 W3BASETES! je2-r'd

stai start |

std stop |

rest reset |
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Setting Nominal Values

selection

selection

e

counter with FC

counter with FC counter without FG

counter without FC

timer with FC

timer with FC

timer without FC

timer with FC return to selection

rotation

timer without FC

counter

rotation
act.-uwalue

timer
nom.—ualus |

counter

start

act.—wvalue

timer

start

SEop simen sessing -
HE3h W2m AEs

Aom. —Ua L

Stopi timer setting :
HE3 h YA m TR =

rese

reset

(]

[

selection

operating mode

nominal walues setting

date/time setting
s e

DR IE T tine

Keypad for entering
> entering date and time.
Always press ENTER
after the input.
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Calibrating Motor RPM

selection

operating mode

Password:

nominal values setting

date/time setting

options

extern start selection

extern stop selection

motor selection

| Passwort

Enter password
ENTER

motor revolution

Freausnoy 1234
stee 1f =R

PuLs min 12345
step 2

Pulsssek, 1234
step 3

correction fastor [234
finish

calibrate reset

First press “reset” and then “calibrate.”
Calibration is carried out in three steps afteraliba correction value has been

determined.
Messages
E me s sage Motstowpe
? -------------------------------------------------------------------------------------------------------- emergency stop
! motor safety switch 02 failure M —

motor contactor K1 off Ruscksetzen

""""""""""""""""""""""""""""""" reset

Reiniciur

return to start
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2.4. Adjusting the sliding weight (Item 30):

The load-level can be adjusted by moving the gjdueight (Item 30) on
the weight beam (Item 24).

By means of a point in the index crank (Item 4@&) shding weight (10
kg) can be set to the required load.

By gently moving the sliding weight (Item 30) todafio on the weight

beam (Item 24) you centre the index-crank poin(ld6), thereby
positioning the weight precisely and obtaining pinecise load required.

2.5. Fitting the extra weights (Items 36 & 37):
By fitting the two extra weights supplied (Items &@&7) it is possible to

expand the load range.

Fit them by pushing them on to the sliding weidtdérq 30) and then
securing/positioning them with the fixing-screweftt 15).

The corresponding load sequences will be foundppehdix A-1.

2.6. Ball holder:

2.6.1. Inserting and mounting the ball holder:

Caution: risk of injury
Attach the ball holder to the spindle only with themachine switched
off (pushbutton & = "Machine off".)

Switch off FBT motor (pushbutton: "Machine OFF").
Press new test ball firmly into the ball holder.

With the test ball loaded, press the ball holdenliy into the spindle and
tap home with a copper hammer to ensure firm sgatin
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Caution:

When inserted, the ball holder must stand not moré¢han 0.75 mm
and not less than 0.50 mm proud of the spindle.

Before inserting it in the spindle, free the clammg surface of the ball
holder of foreign bodies, since otherwise impact-&e movement (at
most 0.03 mm) of the ball and thus sound results naot be expected.
Unserviceable ball holders must be replaced with neones
immediately.

Caution: risk of injury
Never put your hand in the spindle’s working area viile the spindle
IS rotating.

2.6.2. Removing the ball holder:

Caution: risk of injury
Remove the ball holder only with the machine switcold off
(pushbutton § = "Machine OFF").

Switch off FBT motor (pushbuttongS- "Machine OFF").

When the spindle has stopped moving, relieve tliecbp of load by
pressing down the release lever.

The ball holder in the spindle is released togethtr the gripped balls
using the ejector supplied (Item 9).

Release is effected by inserting the ejector inéospindle cross-slot and
then angling it.

Caution:
Do not remove ball holder by knocking it out of thespindle: this will
damage the spindle mounting.

With the drift punch (Item 18) the ball can be rened from the ball
holder on the opening provided for the purposéerhounting plate.
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2.7. Ball cup (Item 10):

The ball cup (with fitted pressure plate (Item li2)jpaded by inserting
three test balls.

Place locking-ring (Item 11) on the balls loadew ithe ball cup with the
ground conical face downwards. The conical lockimg-centres the test
balls in the ball cup.

Secure the three test balls by tightening the lmak{ltem 13). Insert the
squared end of the ball cup into the mounting pdaie with the special
spanner suppliescrew down the lock-nut very tightly, so that the
balls are clamped immovably in place.

The large forces which occur in the welding proagssld result in
destruction of the pressure plate and locking-ifiige balls too were
rotated.

Then charge the ball cup with the oil to be tested.
Pour into the ball cup only enough of the oil totésted to bring the oll
level about 3 mm above the three clamped-in tdit pprox. 7.5 c).

Test balls:

Only 12.700 G 20 balls to DIN 5401 made of antition bearing steel
100 Cr6(W3) with Material No. 1.3505 and with RoekiAC hardness of
64+/-1 may be used. Use of these balls only igyoaieal. Balls made
from a different material or with different hardsegeld non-comparable
results and thus flawed test results.

A new set of 4 steel balls should be used for ¢esh
2.7.1. Loading the ball cup:

Before the ball cup is loaded, the measuring armtralways be coupled
to the support arm with the brace supplied (Item 38

Position ball-holder ball centrally on the ball azgntaining the test balls
and the oil to be tested. Then put the ball-cupdtiem 34) in the pan
(Item 41) in the turntable (Item 21).

By pivoting the release lever (Item 32) downwareduce the weight load
until the three test balls in the ball cup anddhe test ball in the ball
holder are under the full load.
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Loading by raising the release lever must be ddr@V8LY and
CAREFULLY, since otherwise indentations appeahm balls greater
than those due to the test load. This applies fitiqodar to high loads of
500 to 1000 kg, since at these loads the stregsdondual parts, above
all the knife-edge bearing, is very high anyway.

After loading, place the release lever securelp@holder (Item 47)
mounted on the housing.

NB:

A test does not start until the motor is switched o, i.e. until the load

Is applied.

2.7.2. Relieving the load on the ball cup:

When the motor (spindle) has stopped, take the ddathe ball cup/balls
by pressing the release lever down.

Take ball cup out and detach using the squaredneth@ mounting plate.

2.8. Types of test:

The running-time depends on the purpose of theitestvhether the tests
are long-time or welding tests.

In the case of loads at the weld threshold an releict automatic system
takes over switching-off of the machine if weldioccurs.

Types of test and events taking place during thistsee Section 3.
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3. Test specifications:

3.1. Types of test
3.1.1. To be attended to before every test:

For each test a new set of balls must be fittedtlhadball cup charged
with fresh oll.

Before the 3 balls are placed in the cup and thglesiball in the holder
and spindle the parts must be cleaned of all residabove all the ball
cup with locking-ring and the ball holder. Therlity grease the thread
of the ball cup, since there is otherwise risktagizing when tightened.

Caution:
If the parts mentioned above have not been cleaneabraded
particles left behind could falsify the result.

To create constant conditions for comparisoniasessary for the oil
always to be tested at the same temperature anthéhball cup itself is
not excessively heated. If necessary, 2 ball cbhpald be used in the
tests alternately.

Before a test series starts, the four-ball testestrbe run at no load for 10
minutes so that the spindle mounting reaches tnanexl operating
temperature.

3.1.2. Standard short-time tests

For testing oils the short-time test will generddby used, with a run-time
of 1 minute.

The advantages of this are that the oil can bedastthe shortest time
that specific surface-pressures can be used hege bccurring on the

teeth of heavily loaded geared mechanisms, andatloat level of total

heat occurs which prevents harmful effects onéselialls and holding
elements, e.g. reduction in the hardness of thade.p

To determine the wear curve a series of these-ihwettests is run with
the lubricant to be tested in which the loads aabto the ball cup vary.
For oils with lower extreme-pressure lubricatingperties the changes in
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load applied are smaller, e.g. 140, 160, 180, 2P6tk.; for oils with
higher extreme-pressure lubricating properties tteeybe larger, e.g.
300, 350, 400, 450 kg etc.

By short-time tests the SHAPE OF THE ABRASION CURW&e
FRICTION COEFFICIENT, the CHANGE IN THE FRICTION
COEFFICIENT, ABRASION-DELAY TIME and WELD THRESHOLD
can be determined. These processes will be exarmrgreéater detail
below.

3.1.3. Long-time tests

Long-term tests are performed to obtain some iddaecslowly
proceeding wear (abrasion) which can occur withousr lubricants under
less heavy loads.

In these tests a low load on the ball cup is paddier, which means that
the test may take several hours.
The loads in these tests are always below 40 kg.

A level of 15 kg over a period of 60 minutes hasved expedient. Since
the scale on the balance-arm does not permitiageit 15 kg with the
aid of the smaller sliding weight, a special weight kg or 2 kg must be
used; this is suspended from the holding-notchéiseof0-kg sliding
weight.

The upper row of digits must be divided by 10 ia tase of the 1-kg
weight and 5 in the case of 2-kg one in order W@ gihe actual value for
the 4 steel balls.

Test conditions for these tests have not been atdised.
NB:

Only weights with the same centre of gravity asli&g sliding weight
may be used. Weights between 1 and 10 kg are bieda accessories.
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3.1.4. Testing of materials:

The four-ball tester also lends itself to testingtenials.

The characteristics of materials with respect tanygiction coefficient,
susceptibility to scuffing can for example be inigested if the same type
of oil is used.

NB:

With the four-ball tester only the chemical compiosi is effective, not
however its viscosity, since because of low slipey and the balls’
poor tangential cohesion no significant hydrodyitafiorces can
develop.

For many materials balls cannot be obtained.

In such cases pegs with spherical caps can be riede should then be
arranged on a circular plate in a manner imitatireggposition of the 3
clamped balls normally used.

The circular plate can be repeatedly re-used dreeags have been
tapped out.

The 4" ball located in the ball holder/spindle can alsaéplaced by a
peg with screwed-on cap and put in the spindleadbf the ball holder.
The peg must therefore be of tapered type in dadét in the spindle
aperture.

3.2. Events taking place during tests:

3.2.1. Conditions at low loads:

At low loads wear on the balls is exceptionally Iovhis is also evident if
the friction moment, i.e. friction coefficient, measured/recorded.

The friction coefficient will in this case remainet same and in general be
between 0.05 and 0.1. No friction peaks occur. @nlgtart-up is a brief
increase in friction observed (see Fig. 1).
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Fig. 1:

The abrasion indentation on the 3 clamped-in allswvithin a run-time
of 1 minute be the same as or marginally greater the indentation
diameter formed as a result of static deformatioteun the influence of
load.

This indentation diameter can be calculated usiegzt law.

3.2.2. Conditions at high loads:

At high loads considerable wear can occur, i.eattrasion diameter on
the 3 balls may be significantly greater than tigentation diameter due
to static deformation. The properties of the ludnicto be tested are
critical here, i.e. the behaviour of the oil inglhvad range constitutes a
primary criterion for the oil.

The specific load at the contact surfaces conglgtearresponds to the
values occurring for example on the teeth of hgdwekhded geared
mechanisms.

3.2.2.1. Abrasion diameter:

Fig. 2 shows the area abraded at low loads at wdnbhan indentation
diameter equivalent to static deformation arisés, Fshows the area
abraded at high loads.

This is characterised by comparatively marked sgoWear can also be
detected during the test by lowering of the balaaroe.
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Fig. 2 Fig.3

If an equilibrium is established during the test, no more wear is
occurring, the balance arm stops falling.

With a highly-geared SLAVE POINTER and a graduatezithe
approximate level and temporal course of abrasaonticerefore be
visualised even during the test.

During the 1-minute test several friction peaks tratefore several
abrasion periods may occur. In most cases, howewdtrther abrasion
occurs during the last 30 seconds, so that thesmlordiameter can be
taken as a MEASURE OF THE DEPTH OF ABRASION.

The quantity of steel abraded from the ball attbttom is approximately
the abrasion diameter to the power of four.

The abrasion diameter is measured with a Brinegjmifeer or measuring
microscope, the 3 balls being placed for the pwemrsa plate fitted with
location holes.

Appendix A-2 describes an add-on unit with meagunmcroscope which
Is available as an accessory.

The advantage of this accessory is that the baligemain clamped in
the ball cup and be measured there.

To enable abrasion to be recorded as accuratggsssble, the abrasion
diameter of all 3 balls is measured in the directbfriction (d1) and
perpendicular to the direction of friction (d2).

From diameters d1 and d2 the average diameteafir leall can be
calculated and from that the average for all 3sball

This average is termed AVERAGE ABRASION DIAMETERchN
have values from 0.2 to 5 mm.
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The average abrasion diameter is then plotted sigiaad in a rectangular
co-ordinate system.

When logarithmically evaluated, the abrasion cuaygsear as straight
lines.

The slope and directional changes of the abrasiomuore yield
information about the particular properties of the oil under
investigation. Only indentation diameters above static deformatnary
be used in assessing the abrasion curaese indentation diameters lie
on the Hertz line (see Fig. 4).

As an example the results of tests on 4 oils haeirtgely different
characteristics are plotted in this diagram.

Fig.4.

3.2.2.2. The 2.5-second abrasion-delay time:

In measuring the friction coefficient it is not ju start-up that a friction
peak occurs: during the 1-minute test more orleg® friction peaks
occur which can reach levels of 0.2 to 0.5.

Important for assessment of an oil is whether withie 1-minute test run
many such friction peaks occur and after what watiethey occur.

One factor in assessing the oil's protection agahsasion for a
particular application is the time which elapsesfithe beginning of
start-up to the appearance of the first frictioakp€el'his time is termed
the ABRASION-DELAY TIME.

High-pressure oils behave quite differently depegdin the additive for
producing high-pressure lubricity. Abrasion-delewe falls with
increasing load, and abrasion-delay curves caraloaellated from many
individual tests as a function of load.
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In both practice and theory it can be inferred thatabrasion-delay time
of a given oil at a given load is generally (asire#f from the abrasion-
delay curve) 2.5 seconds. This delay is termed-$2cond abrasion load"
and constitutes a reliable measure of the proteetyainst wear afforded
in practice by this particular lubricant.

From data obtained with HYPOID GEAR MECHANISMSstknown
that the only lubricants to function satisfactorityhypoid gear
mechanisms are those displaying in a four-baletes2.5-second
abrasion load of at least 140-150 kg.

NB:

Abrasion-delay time can be ascertained only wighdiu of a
supplementary recording device (multi-pen recordéou will find a
description of this accessory in Appendix A-3.

3.2.3. Conditions at very high loads:

At extremely high loads a state of equilibrium & reached when
abrasion occurs: instead, abrasion continues fextsnded period, the
frictional heat produced on the contact surfacaditey in conjunction
with the high specific pressure to the 4 balls lbeiog completely welded
together after varying lengths of time (see Fig. 5)

Fig.5:
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In by far the majority of cases this welding togethktarts at the beginning
of the 1-minute test. The next load down is thenggally designated the
oil's high-pressure lubricity. At this load the dilerefore just withstands
a run of 1 minute without the balls welding togethe

It denotes therefore a figure of 320/340 kg, thatdil concerned just
withstands the 1-minute run at a load of 320 kg &r®40 kg leads to
welding?

The FBT welding point is not for all oils a criten for an oil’s
serviceability specifically in heavily-loaded geaechanisms. If
necessary, the oil's abrasion characteristics agstbe investigated on
the FBT.

1 The meaning of this passage is obscure. With siigyt alteration of the German it could read "A
figure of 320/340 kg denotes therefore that theoiicerned...... " (Tr.).
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4. Servicing:

4.1. Spindle mounting:

Bearing clearance is zero and self-compensating.spindle mounting
has been greased with a EXTREME-PRESSURE GREASEsand
maintenance-free.

4.2. Ball holder (Item 3):

The integral ball holder, loaded with approx. 4@Q kust project not
more than 0.75 and not less than 0.5 mm. If thes&slare exceeded, a
new ball holder must be used.

Wear on the ball holder is apparent if the holder be inserted too far
into the spindle so that the holder rests at tise lod the spindle.

This causes the ball to be insufficiently gripped #o slide in the ball
holder proportionately.

This is visibly evident in tangential rubbing maiks the surface of the
ejected spindle ball.

As far as possible the spindle and ball in it mustimpact-free.
Damaged or fouled ball holders lead to the upprimaning out-of-true
and thus to inaccurate measurements.

From time to time, therefore, check that the sgnsllrunning
concentrically and without play. To do this usda dauge and check for
spherical shape (radial deviation on the ball notarthan 0.03 mm).

NB:

Before the balls are placed in the ball holder anthe loaded ball
holder placed in the spindle, all residues must beemoved from these
parts. In addition the spindle nose must also be eaned.
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4.3. Ball cup:

From time to time the pressure plate and locking-must be inspected
for development of indentation/scoring and repla€daese parts are
excessively affected. If the pressure plate isadefe it must be turned
over or replaced.

Before the ball cup is fitted all residues mustleaned from ball cup,
locking-ring, balls and lock-nut.

The pressure plate and locking-ring should be ictggkeregularly for
indentations/scoring and replaced if excessivdigcaéd.

4.4. Centre and knife-edge bearings:
Each bearing should be regularly inspected.

Particularly when the machine is operated at higldl$ the knife-edge
bearing must be regularly greased and checkedrforskating.

5. Transport and setting-up:

5.1. Installation site:

The four-ball tester must be set up in a dust-free quiet (vibration-free)
place (testing laboratory). Furthermore, the araatrbe very well-lit so
that visual inspections can be accurately performed

5.2. Ground quality:

The four-ball tester does not need a special urderb

Do however observe the ground’s load-bearing cépatiin doubt you
should consult a statics expert.
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5.3. Floor-space required:

Four-ball testers supplied with a table need fEmace approx. 1200 x
700 mm. The floor space required is otherwise deest on the
undertable used.

For each four-ball tester there must be unobstduateess to the front
and sufficient space for loading the weight beam.

5.4. Mechanical installation:

NB:

Always comply with the relevant accident-preventiorregulations and
other generally recognised safety rules.

Wear protective clothing (helmet, gloves, safety lmis).

Do not lift four-ball tester higher than necessary.

Remaining under a lifted four-ball tester is prohihited.

Assembly work on the four-ball tester must be donwith the master
switch in the OFF "0" position.

5.4.1. Installing the housing (Item 1):

The housing of the four-ball tester must be sectoedfirm base (e.g.
concrete pedestal, base-frame) with four bolteéhousing’s four
through-holes.

To obtain sound test results and unimpeded moveaig¢he weight
beam the housing must be installed perpendicufadsification with a
spirit level is sufficient).

Four-ball testers complete with undertable:

Position the housing (Item 1) and pedestal on titeeiable. Position the
housing so that the release lever (Item 32) istétted on the left side of
the table. Then secure housing and pedestal tonthertable with four
bolts.

Caution: danger of crushing
Do not reach your hand under the housing or pedestaf the four-
ball tester during assembly.
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Then align the table surface horizontally (by atingsthe threaded feet),
in order to obtain sound test results and unimp@&de@dement of the
weight beam.

Caution: danger of crushing
Do not reach your hand under the table of the foukall tester.

5.4.2. Installing the support for recording devicegltem 19):

Secure the support for recording devices to theingultem 1) with two
M10 x 40 hexagon bolts (Item 87) and two washei3Itd 125, B10
(Item 73).

5.4.3. Weight beam (Item 24):

5.4.3.1. Installing the weight beam (Item 24):

Feed weight beam with fitted balancing weight (I1#48) through the
opening in the side of the housing, below theditielease lever (Item
32). The weight beam’s fitted balancing weight mhesbn the same side
as the release lever. Place the knife-edge pias)(&5) carefully in the
knife-edge bearings (Item 26, inside the housing).

Handle the knife edges of the weight beam very gdwnt

In particular avoid damaging the tips by jarringadiowing them to fall
into the knife-edge bearings, since otherwise thitekedge geometry will
be damaged. Sound test results cannot be obtaitiead wamaged knife-
edge bearing.

Caution: danger of cutting

Knife-edges on the weight beam are very sharp andno cause
cuts/incised wounds. Never therefore fit (transpoitthe weight beam
without protective gloves.
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5.4.3.2. Counterbalancing the weight beam:

You will always receive your four-ball tester withe weight beam
counterbalanced.

If however you want to re-counterbalance the welggam of your four-
ball tester (because different cups are to be usecherely check its
balancing, then please note:

The weight beam must be in equilibrium with pushnaan, turntable,
ball cup incl. balls and also the specified qugrdgitoil, but without the
sliding weight. Counterbalancing is effected by mgwhe balancing
weight.

Caution: risk of injury
Undo set screw (Item 79) only to move the balancingeight (Item 43)
on the weight beam (Item 24). Make sure that the bancing weight is
always securely fitted.

At loads from 300 kg upwards the weight beam mesnhblined upwards
at an angle of about 2-3° with the balls inserted.

To adjust this angle the pan should be removed thenmram using the
drift punch and suitable shim inserted betweengrahram.

5.4.4. Installing the pushrod (Item 22), ram (Iten0), bearing (Item
64) and turntable (Item 21):

When the weight beam has been installed, placpubklerod (Item 22) on
the weight beam through the hole in the base o$piredle’s working
area (NB: pushrod is self-centring).

Feed the ram (Item 20) into the hole over the mglso that the pushrod
presses centrally on the ram hole on the fitted(am 23).

Place ball thrust bearing (Item 64) on the fittathr

Bed turntable (Item 21) with pressed-in pan (Itelhbtatably on ball
thrust bearing.
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5.4.5. Installing the sliding weight (Item 30):

Slide the 10-kg sliding weight (Item 30) on to theight beam (Item 24)
so that the index crank (31) points away from thesing. Move the point
of the index crank (Item 46) to the desired posi{igee FBT Load Table).
By gently moving the sliding weight (Item 30) todafio on the weight
beam (Item 24) you centre the point of the indenkr(ltem 46), so
obtaining the exact weight position.

5.4.6. Fitting the extra weights (Items 36 & 37):

Additionally fitting the two extra weights suppli¢gdems 36 & 37)
enables the load range to be expanded.

Fit the extra weights (Items 36 & 37) by pushingrthon to the sliding
weight (Item 30) and then securing/positioning theith a fixing bolt
(Item 15).

5.4.7. Fitting the base for the control and monitang unit (Group 7):

Unless fitted already, secure the base (Groupriph#control and
monitoring unit (Group 8) to the undertable (Gr@&)with four bolts.

5.4.8. Fitting the control and monitoring unit (Group 7):
Secure the housing of the control and monitorinity (@roup 7) to the
base (Group 7) with four bolts.

5.5. Electrical installation:

Caution:
All connections must be made by a qualified electian.

For connected loads please refer to the circugrdia.
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A-1: Load sequence for 10, 20 / 50 kg:

1. 10-kg range = sliding weight
2. 20-kg range = sliding weight plus small extraghé
3. 50-kg range = sliding weight plus large extraghe

Using these 3 weight values gives rise to the ¥ahg load sequences
(ball load in kg):

Ratio: 1:8 1:9 1:10 1:11 1:12 1:13 1:14
10-kg 80 90 100 110 120 130 140
weight:

20-kg 160 180 200 220 240 260 280
weight:

50-kg 400 450 500 550 600 650 700
weight:

Ratio: 1:16 1:17 1:18 1:19 1:20 1:21 1:22
10-kg 160 170 180 190 200 210 220
weight:

20-kg 320 340 360 380 400 420 440
weight:

50-kg 800 850 900 950 1000 1050 1100
weight:

Note:

For checking purposes please note that the slid&ight incl. index
crank weighs exactly 10 kg, the small annular exteaht incl. bolt
likewise 10 kg and the large extra weight with k@it grips 40 kg.
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A-2: Measuring microscope

The measuring microscope is for measuring the itadiems without
removing the balls from the FBT’s ball cup.

For this purpose a special mount has been develmpetkans of which
the measuring microscope can be placed on both RRD and

TEMPERABLE ball cups.

It is only necessary to replace the lock-nut wité other lock-nut
supplied.

Operating instructions:

After the lock-nut has been replaced as necessara dest run
completed, the microscope mount is placed on ttliehoit and placed in
the foot together with the appropriate ball cup.

The upper ring is now rotated into a detent medmrand the lower ring
rotated until the first indentation appears innfieroscope.

Following the instructions for operating the miaope, the lens system
Is adjusted to give a sharp image.

This position is fixed by tightening the knurledese@ on the side by the
lower ring.

By turning the upper ring through 120° each timel itocks into place
all three indentations can be measured in sequence.

NB:
The indentations can only be measured with the ballclamped in,
since when the lock-nut is released the balls slgut of position.
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A-3: Description of the Tractiv force dynamometer

The tractiv force dynamometer enables the measureofi¢orques
during the abrasion test, as well as the measureiméime wear delay.

The technical data are to be inferred enclosedabipgrinstructions

Erstelldatum: 17.03.06
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