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DESCRIPTION Abramatic is a microprocessor-controlledautomatic
machinefor grinding and polishingof specimensclamped
in specimenholderdiscs.

Grinding and polishing takeplaceon a horizontally
rotating disc againstwhich the loadedspecimenholder is
pressedrotatingeccentricallyrelative to the main disc.
Pressure,disc speed,directionof rotation of specimen
holder,dispensingof cooling, lubricating,diamond
suspensionandtime arecontrolledby a microprocessor.
This microprocessorhassix standardprogramsand will
accommodateten additionalprograms(user’sprograms)
which theusercan modify accordingto his requirements.
Eachprogramcontainsall theprocessstepsneededfor
grinding and polishingof any particularmaterial.

The standardprogramsarebasedon the useof Struers

High Quality consumables.

Technical data

Electric supply Voltage/frequencyversion

Max Powersupply

3 x 220 V/50 or 60 Hz
6.8 A

3 x 380 V/50 Hz
4.OA

3 x 415 V/SO Hz
3.9A

3 x 440 V/6O Hz
4.0 A

3 x 480 V/60 Hz
4.OA

3 x 500 V/SO Hz
3.OA

Compressed-air Supply of compressedair: 6 bar (60 N/cm2)
supply Maximum consumptionof compressedair: approx. 20

1/mm
Adjustmentof pressurecontrolvalve for lubricant
bottles:2 bar (max.)
Compressedair filter for lubricantand suspension:

1/4 pm
Outputs Main motor effect: 550 W (0.75 HP) at 150 rpm (number

of revolutionsof the disc)and 1100 W (1.5 HP) at 300
rpm.

Gear motor effect: 150 W (0.2 HP)

Pressurecontrol motor effect: 9.5 - 60 W

Numberof revolutionsof specimenholder:
150 rpm (reversible)

Vertical work pressure:50 - 700 N

Pre-selectivepreparationtime: 5 s - 600 s in stepsof 5 s.
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Physicaldataof the
machine

Standard

Recirculating
cooling unit

Standard

Width: 580 mm. Max width md. operatingconsole:

800 mm

Depth: 850 mm

Height: 1420mm. Max. heightmci. operatingconsole:
1600 mm

Weight: 238 kg (grossweight: 278 kg)

Max. height of table to right-handside of machine:
0.83 m
Max. protrusionof specimensin specimenholderdiscs:
20 mm
IEC 204 (VDE 0113)

3 x 220 V/6O Hz
3 x 380 v/So Hz

Motor effect: 140 W
Pumpcapacity:57 1/mm

Dimensions:
Width: 400 mm
Depth:500 mm
Height: 410 mm

Weight: Approx. 7.2 kg

IP 44
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2. CONTENTS OF THE
PACKAGE

1 Abramatic operatingconsole
2 keysfor operatingconsole
I Abramaticbasicunit
1 top cover to be mountedafter removalof transport

fitting
1 fitting for console
1 column for console
1 drain tube 1 1/4” x 1.5 m
1 inlet tube 1/2” x 1.5 m
2 hoseclips, 17 mm
1 reinforcedsupply tubefor compressedair

1/4” x 3000 mm
2 hoseclips, 12 mm
1 bottle tray, locatedin bottle chamber
2 1-litre Pyrexbottles for lubricant (labelled)
1 extra bottle, not labelled
3 200 ml Pyrexbottles for suspension(labelled)
1 extrabottle, not labelled
1 DP-discof aluminium (DEDAL)
1 non-returnvalve for mounting on recirculatingpump
1 lid of ABS
1 instructionsfor use
3 summaryinstructionmanuals
2 setsof processcards(programs1-6)
10 processcards,blank
1 extralubricant jet
1 key for replacementof lubricant jet (1.5 mm)
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3. INSTALLATION

3.1 Placing

3.2 Connectionof
operating console

3.3 Power connection

3.4 Connectionof
recirculating
cooling unit

Abramatic canbe placeddirectly on a planeand level
floor and should be supportedin all four corners.Adjust
the left rearleg of the machineso that it standsfirmly.
Securingby bolts in the floor is not recommended,asthis
may causedamageto the machineshoe.The environment
should be ascleanaspossibleto avoid contaminationof
polishingcloths,etc. If possible,do not install Abramatic
in thesameroomascut-off andgrinding machines.

After removalof thetransportfitting securethe top
coverwith the screwsin the plasticbag attachedto one
of thecompressedair tubes.At thesametime, fit the
column of the operatingconsolein the front right-hand
corner.The up/downunit is during transportheld by a
woodenblock, remove throughtheopeningunderthe
Abramaticfront plate.

Mount the operatingconsoleon thecolumn of the top
cover, then leadthecable without sharpbendsto the
multiwire socketat the rearof thebasicunit and secure
theconnectionwith thetwo screws.Theoperating
consolemay alternativelybe installedon a tablebeside
themachine.If a table is placedup againstthe right-hand
side of the machine,its heightmustnot exceed83 cm in
orderto allow openingof thedoorof the bottle chamber.

Checkthe unit plateat the junctionbox at theside of the
machinefor thecorrectmain voltage.

Connectthe cablewhich leadsout from the junction box
to the mainsasfollows:

Yellow/greenleadto earth
Brown leadto phase
Black leadto phase
Black leadto phase
Blue leadto neutral (importantto connectif machineis
marked3N, e.g. 3N x 380 V/SO Hz).

Checkthat the turntablerotatescounter-clockwiseafter
connection.If this is not thecase,reversedirectionby
changingover two phaseleads.

Placerecirculatingcooling unit on thefloor at the most
convenientsideof the machine.Fit thedrain hoseto the
branchunderthedrain tray on theleft side of the ma-
chine.Adapt the length of thedrainhoseto providea
gradualslopeand pressit into the branchmountedon the
lid of therecirculatingcooling unit.

Fit the inlet hoseon to the pipe branch(fig. 6.1)on the
backof the machine,andconnectit to the recirculating
cooling unit by mountingit on the outlet branchof the
pumpor on thenon-returnvalve mountedin this position
accordingto drawing 260-M-655.Tighten with hose
clamp.
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Passthe cableof therecirculationunit throughthe free
cableinlet and connectit to the junction box asshownin
fig. 8. If the rotationaldirectionof the pumpis not
correct,changeover two leads.

Fill tank with water(approx. 30 ltr.) andadd “Additive for
Cooling Fluid” in theconcentrationstatedon thelabel.

3.5 Connectionof
compressedair supply

3.6 Installation of
lubricant and
suspensionbottles

Connectspecialhosefor the compressedair to the branch
at thebackof the machine(fig. 6.3). Usehoseclamps.
The compressedair supply may be in the form of a
stationarycompressedair unit, a small compressorwith
reservoir,or a compressedair bottle to be refilled at
intervals.The feedpressureshould beapprox. 6 bar
(approx.6 kp/cm).A capacityof approx.20 1/mm at
atmosphericpressureis sufficient.

Placethe5 bottles,numberedfrom 1-5, in the bottle
chamberin the correspondinglymarkedpositionswith
capsscreweddown. Checkthat thelubricantbottlesare
intact,asa positive pressureof 2 barwill be appliedto
them.

If thestandardprogrammes(1 - 6) are to be usedthe
bottlesmustbe filled asfollows:

Bottle 1: blue lubricant
Bottle 2: red lubricant
Bottle 3: 6 pm suspension
Bottle 4: 3 pm suspension
Bottle 5: 1 pm suspension
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4. CONTROLS

Main switch
(fig. 7.1)

Emergencystop

Startbuttons

Operatingconsole
(fig. 2)

“Stand-by/on”
(fig. 2.1)

“Lubricant”
(fig. 2.2)

“Abrasive” (fig. 2.3)

“Water” (fig. 2.4)

“Disc” (fig. 2.5)

“Program” (fig. 2.6)

Example1

Ten users’programs

Switcheson and off the power supply of the machine.The
switch is only usedat installation and repair.Always put
thekey operatedstand-by/onswitch (fig. 2.1) on stand-by
beforeturning on the main switch. The user’sprograms
will not be erasedwhenthe main switch is turnedoff.

Interruptsall functions.Specimenholderunit remainsin
lower positionuntil emergencybutton is releasedby
pulling. When emergencystop is activated,display in-
dicates“EmergencyStop”, and red light on thebasicunit
comeson (red light is alsoon in caseof overloadof any of
the threemotors).

To initiate a grinding or polishingstep,pressboth buttons
simultaneouslyuntil specimenholdermotor starts.When
display indicates“Clean samplesand changedisc” or “End
of Program”,presstwice to continueor repeatprogram.

All keyson the keyboardbeepwhenoperated.Illuminated
keysareself-lockingand will only disengagewhenpressed
a secondtime or by actuationof anotherselectorkey.

Key-operatedswitch for selectionof “stand-by”or “on”.
The on/off button for daily use.Set thebutton to On when
the machineis to be programmedor hasto work. The
other functionsof the operatingpanelcanonly be used
whenOn is pressed.When the machineis not to be used
for some time, setthe button to Stand-by.

Non-lockingkey. Dispensestype of lubricant indicatedon
displayaslong askey is depressed.Whenno typesof
lubricantareon display thenthe lubricant is auto-
matically takenfrom bottle No. 1.

Non-locking key. Dispensesdiamondsuspensionof type
indicatedon displayaslong askey is depressed.Key
blockedduring operationsnot requiringsuspension.

Self-locking key. Starts/stopscooling waterpump.
Functionblockedduring stepsrequiring lubricantor
diamond.Amount variablewith valve(fig. 1.4).

Self-lockingkey. Starts/stopsgrinding or polishingdiscat
150 rpm. The speedof the disccanbechangedto 300 rpm
by pressing“Disc R.P.M.” (fig. 2.9).

Programis selectedby pressingone of thebuttons1-10.
1-6 are fixed, ready-to-usestandardprogramswith
pre-determinedstepsandstepdata.7-10areuser’sown
adjustableprograms,madeby transferringa standard
program(1-6) to 7, 8, 9 or 10. Press“=“ -key for transfer.
Press“7”, “=“ and“1”. Now program“1” hasbeen
transferredto “7”, and desiredmodificationsmay be
introducedby meansof keyspos.8 and 9.

The numberof user’sprogramscanbe increasedfrom 4 to
10. The requirednumberof user’sprogramsis selectedin
“stand-by”by pressingoneof the buttons4-10.
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Example2

Example3

Step(fig. 2.7)

“Return” and
“Forward”

“Pre”, “Main”,
“Final” (fig. 2.8)

StepData(fig. 2.9)

“Time”

“Rotation”

“Disc R.P.M.”

“Force”

“AbrasiveDosing”

“Lubricant Dosing”

Press“8” by meansof which the display indicates“Fixed:
2 Open:8”. The four “new user’sprogramscorrespondto
programs3, 4, 5 and 6. The fixed programs3, 4, 5 and 6
will not bedeletedand canbe retrievedby selectingthe
numberof user’sprogramsto 4.

If you want to deletea user’sprogram,the hiddenbutton
between“10” and“=“ (“Delete program”)should beused.

In orderto deleteprogramno. 9 pressfirst “9”, then“=“

and at last pressthehiddenbuttonbetween“10” and “=“.

After this the display indicates“Program deletedselect
new”.

After selectionof program,operatormay usethesekeys
for inspectionof individual programsteps,e.g. to check
typesof polishingmedia, discs,etc.,usedin any
particularprogram.Betweenpolishingstepsusing
different grainsizesareintermediatestepsfor cleaning
of specimens.Display indication: “Clean samplesand
changedisc”. Thesetwo keyscanonly be operatedwhen
the machineis not working.

This key interruptsa stepin progress.The machinestops
and the displayshowstheremainingprocesstime. When
pressingthe startbuttonsthe machinecontinuesthe
processstepfrom the stageit had advancedto. By
pressing“Stop” or “Forward” you will changeto the next
stepin the program,by pressing“return” you will change
to thebeginningof the interruptedstep.

The individual stepshavethreephases:“Pre”, “Main” and
“Final”, following eachother in automaticsuccession.
With the pointerkeysparticulardataof a userprogram
canbe changed(seebelow).

Activation of “Time” will display timesof Pre, Main and
Final phasesof stepin progress.

Showswhetherthe stepis performedwith polishingdisc
and specimenholder rotating in identical or counter
directions.Only the rotationof thespecimenholdercan
be reversed.

For selectingspeedof rotation (150or 300)usedin Pre,
Main and Final phases.

For adjusting the force with which specimenis pressed
againstgrindingor polishingdisc (ION = 1 kg).

For selectingamountof suspensiondispensedduring indi-
vidual phases.Possibilities:0-10 (0 = off).
For adjusting amountof lubricantdispensedduring
individual phases.Possibilities:0-10 (0 = off).

“Stop”
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“Select \V/AB/LU”

“Text On/Off”

Display (fig. 2.10)

Lamps(fig. 2.11)

ProcessCard
(fig. 2.12)

For selecting of either cooling water,diamondsuspension
or lubricant and for the two latter the bottle number is
displayed,suspension:3, 4, 5; lubricant: 1, 2.

Removesdisplay text of aparticular step,except
indicationsof time. To beactuatedwhen special
consumablesare used(only active in user’sprograms).

With 32 characters.

8 lights indicating stepto be or being performed.

Exchangeableprogramsurveycard.All dataarestatedto
allow quick checking.It is recommendedto enterdataof
modified user’sprogramson blank cards.
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5. PROGRAMMING

5.1 Program choice Abramaticcontains6 standardprograms,coveringthe
preparationrequirementsof the majority of conventional
materials.The programsarenumberedfrom 1-6,
correspondingto thenumberingof thekeysshown in fig.
2.6. The first step of mostprogramsis planegrindingon
SiC grinding paper120 grit. This stepmaybeomitted
wherean Abraplanplanegrindingmachineis used.Check
the planenessafter thefirst stepand repeat,if necessary.
The table below lists the programsrecommendedfor a
variety of materials.

Material

Hardenedsteel
Castiron
C-steel
Low-alloyedsteel
Tool steel
Heat resistantsteel
Stainlesssteel
Superalloy

ProgramNo.

3
1*, 2
1*, 2, 3
1*, 2
(1*), 2, 3
1*, 3
2
1*, 2

1*: Program1 without processB

NB: For programmodification refer to section5.5

Non ferrousmetals
and plastics

Low-alloyed copper
Low-alloyed aluminium
Brass
Bronze
Al-Si castingalloy
Al-Mg-Cu-alloy
Al-Mg-Mn-alloy
Titanium
Superalloy
Plastic

4
4
(1*), 2, 4
(1*), 2, 4
(1*), 2, 4
4
4
2*
1*, 2
2, 4

1*: Program1 without processB

2*: Program2 without processesE, F, and G and instead
of OP-U useOP-S mixed: 96 ml OP-S, 2 ml H2O2, 2 ml
Ammonia

NB: For programmodification refer to section5.5.

Printedcircuit board
Soft electroniccomponent
Compositswith large
hardnessdifference
Plasticwith fibres

6
2, 6

1, 5
2

Ferrousmetals

Composits
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Material ProgramNo.

Coatings

Sinteredcarbides

Ceramics

Stepdesignations

Plasmaspraycoating 1*
Hardcoatingson sintered
carbidesor ceramics S
Metalcoatingson metal 1*, 2
1*: Program1 useprocessC insteadof A and B.

NB: For programmodification refer to section5. 5.

Sinteredcarbides 1*, 5

1*: Program 1 useprocessC insteadof A andB.

NB. For programmodification refer to section5. 5.

Ceramics 1*, 5

1*: Program1 useprocessC insteadof A and B

NB: For Programmodificationrefer to section5. 5.

All programsarebasedon averagespecimens30 mm dia.
prepared in a specimen holder disc, loaded with 6
specimens.Abramatic hasprovision for the reduction of
process times which may be required when grinding
smallerspecimens,refer to section5. 5.

A: Coarsegrinding/planegrindingon 120 grit. To be used
insteadof Abraplangrinding machine.

B: Fine grinding stepon SiC paper220-4000grit

C: Diamondgrinding discs,grit 120, 600

D: Grinding 6 pm on Petrodisc-M

E: Polishing6 pm on eitherDP-Plan,DP-Mat or DP-Dur

F: Polishing 3 pm on either Pan-W, DP-Plus, DP-Dur,
DP-Mol or DP-Nap.

G: Polishing 1 pm on eitherDP-Dur, DP-Mol or DP-Nap

H: Final polishingOP-Sor OP-Uon OP-Chem
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5.2 Display indications

SiC Paper120

SiC Paper320

SiC Paper500

SiC Paper1000

SiC Paper1200

SiC Paper4000

DIAMOND 120

DIAMOND 600

PETRODISC-M

PLAN

MAT

PAN-W

DUR

MOL

NAP

PLUS

CHEM

6 Micron or 6 Mic.

3 Micron

1 Micron

OP-S

OP-U

LUB: WATER

LUB: BLUE

LUB: RED

LUB: NONE

S

N

LUBRICANT DOSING

ABRASIVE DOSING

ROTATION>>

ROTATION><

PROCESSTIME

DISC RPM

PRESSURE

SiC grinding papergrit 120

SiC grinding papergrit 320

SiC grinding papergrit 500

SiC grinding papergrit 1000

SiC grinding papergrit 1200

SiC grinding papergrit 4000

Diamondgrinding discgrit 120

Diamondgrinding discgrit 600

Grinding discPetrodisc-M

DP-Planpolishingcloth

DP-Mat polishingcloth

Pellonpolishingcloth type Pan-W

DP-Dur polishingcloth

DP-Mol polishing cloth

DP-Nappolishingcloth

DP-Pluspolishingcloth

OP-Chempolishingcloth

6 pm diamondsuspension

3 pm diamond suspension

1 pm diamondsuspension

Fineoxide polishingmedia

Fineoxidepolishing media

“Water” cooling

“Blue Lubricant”

“Red Lubricant”

No Lubricant

Seconds

Newton

Amount of lubricantdosedfrom 0-10

Amount of suspensiondosedfrom 0-10

Specimenholderand disc rotate in the samedirection

Specimenholderand disc rotate in theoppositedirection

Grinding or polishing time from 5sto 3 x 600s

Rotationspeedof thedisc 150 RPM or 300 RPM

Pressureusedduringprocessfrom SON to 700N
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WATER: 0 or ON

ABR: 3, 4 or S

LUB: 1 or 2

DOOR OPEN

CLEAN SPECIMENS
AND CHANGE DISC

SELECT PROGRAM

SELECT BASE

PROGRAM

EMERGENCYSTOP

END OF PROGRAM

WAITING 1-5

BATTERY LOW

FIXED: OPEN: 4-10

ABRAMATIC
VERSION 2.3

PROGRAMERROR

MEMORY ERROR

“Water” off or on (Activation of ON blocks lubricant and

viceversa).

“Abrasive” suspensionfrom bottle 3, 4 or 5

“Lubricant” lubricant from bottle 1 or 2

Bottle chamberdooropen

Specimenholdershould becleanedbeforethe next step
anddisc should bechanged

Selectprogramnumber

Selectbaseprogram(Nos 1-6)

Emergencystop activeor motor overloaded

Preparationcompleted

Waiting for internal signal from various sensors(refer to

section7 (2))

Battery worn out, time to changebattery

Numberof fixed and openprogramsgoing to be used

If machineis turnedon with main switch, the following is
displayedfor 10 seconds:

No errorsin microprocessormemories

or

Error in PROM, call service

or

Error in RAM, call service

14



5.3 Program run/inspection

0

Key
xxxx

Example:

Function

Active key

Key

2—2 Two-handstart

Display

Presskey

LED for
process
card

[ STAND-BY

[SELECT PROGRAM

r ABBBEFGH j
I PAPER 12~1
~LUB:WATER 90s j 1 ~

Stepperformancestopswhencount-downhasreached0 s, or whenSTOPkey is actuated.Further,on
openingof bottle chamberandactuationof emergencystop.

**

~rdj ____

+ _________________
1~]
[~ward J

$

[~~ward

1-i-
[~rward

I,

Tune

1. Machineswitchedoff

2. Machineswitchedon

3. Programselection

4. Display first step

5. Startstep 1

StSnd~br

Forward

+ +
0—0
Start Start

SIC PAPER 120#
LUB: WATER 89s

*
Return

S~CPAPER 220# 1 I
-~-

kUB: WATER 60sJ 2

1
SIC PAPER 120# —EEl—
LUB: WATER 90s

1 1

6. Proceedto nextstepwhencount-down
hasreached0 S

7. Repeatstep 1

8. Displaystep3

9. Displaystep4

10. Displaynextstep

11. Displaydurationof
pre-,main and final phases

[SICPAPER 500#1
-~-

CLUB: WATER 6Osj ~ I

1~
APER 1000#1 ~ —EEl-[~B:WATER ~_J

F CLEAN SPECIMENS 1 4 —~j—[AND CHANGE DISCJ

DUR I
6 micron —

[LUB: BLUE i8Osj ~

PROCESS TIME ~ _~.

~ 115 _!~J ~
(Pre Main Final)
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12. Display directionof rotation Rotatton
[ROTATION_.+~_I~ii]5 tEl

4

I Disc
I NPM

[Force

I Abrastee
LOosing

-f~-~&1
Lubnicent I
Dosin

5
j

I Select
I_ *1451W

I Select

[~wardJ

—~ —~ Identical rotation
—~ ~— Counterrotation

5.4 Change to
new program

Changeof programis doneby pressingoneof the
programkeys.Programscannot be changedwhen a “Step
Data”key is activated.

DISC RPM ~ 5 —tEl—
[iso 150 1501

PRESSURE 1 ~
1150 250 2001

ABRASIVE DOSING

° 4

LUBRICANT DOSING
5 4j 5

WATER ABR. LUB.
OFF 3 1

I DUR 6mlcron]

LUB: BLUE 180s j

13. Display discspeedin
the threephases

14.

(two possibilities:150 and300)

Display force appliedbetween

15.

16.

17.

18.

specimenholderanddisc

Displaysuspensiondosing

Display lubricantdosing

Display bottlesdispensingliquid

Stepperformanceblocked
duringdisplayof stepdata.

19.

20.

21.

22.

23.

Out of stepdata

Displaynextstep

Displaynextstep

Displaynextstep

Displaynextstep

Display first stepagain

,i
I
[For~J~
I ~

[ForwardJ

4
F j-l
[FOrw~]

*

Li~1Forward
+

[For~d
1

~i

CLEAN SPECIME~’

[_AND CHANGE DISC_j
I6-fl-
~

NAP 1 mi~l

LUB: BLUE ~ j

I CLEAN SPECIME~l

AND CHANGE DISCJ
7

I
._~

~

8E~
1I

[END OF PROGRA~]

SIC PAPER 120#
[i~B: WATER I

CLEAN SPECIMENS
[~~DCHANGE DISC

I DUR 3micron 6 —~—

[LUB: BLUE

F CHEM
[LUB: NONE

OP-U 1
40sJ
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5.5 Program modification

Example Certaindata in step2 of thefixed program3 haveto be
alteredto suit a particularmaterial. Sincea fixed
program cannotbe modified, it must be copiedinto an
openprogram,for instanceprogram7.

Display

[SELECT BASE F~~]

ADFG J
ISiCPAPER 120#1
ILUB:WATER !2~i

I~~OOISC.M6 micri
FLUB: BLUE 300sJ

LED for
process
card

5. Alteration of pre-andmain phases—
incrementsof 5s.Hold up/downkeys
for quick shifts

mm. 0 s, max.600 s

6. Display applicationof wateror lubri-
cant(the two aremutuallyexclusive)

7. Changeof suspension,now tobe
takenfrom bottleNo.5,containing,
for instance,9 ~imsuspension

8. Backto displayof step2
Now 6 mic is no longer relevant,and
to avoidmisunderstandingthe entire
displaytext, excepttime indication,
maybecancelled.Instead,enteralter-
ation on processcard for program7

9. Cancellationof text (re-appearswhen
keyis presseda secondtime)

Fre Main Final

u~u

Pre Main Final

f~1

ci
Teat

PROCESS TIME 1
10 230 65sJ

IWATER ABR. LUB. 1
[o 3~J

[WATER ABR. LUB.1
[o 5~J

1~ROOISC-M6 micr
LUB: BLUE 305$

305s]

2-~-

2-t~-

2-~-

2-a-

2~

P.S.:Whenprogram7 hasbeenproducedit maybecopiedintotheotheropenprograms,if desired.

Modification of stepdatain relationto the original programis indicatedaddinga by dash
to the typeletterof theparticularprogramstep,e.g.

1~-] [ AIYFG

Function

1. Selectprogram7

2. Transferof program3 to 7

and

3. Go to step2

4. Displayphasetimes

Test

[IJ

I ForwardJ

Forward

r® ITtme

2-~-

2-~-r~OCESSTIME 1
[5 235 ~!~J
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5.6 Modification of
user’s programs
(seealso section6.2)

Time

Rotation

Speed(grinding)

Speed(polishing)

Force

Constantpressure

Large specimens

The programsallow alterationof 7 different data
(fig. 2.9) in the three phasesPre, Main andFinal (fig. 2.8)
Thereare thus many possibilitiesfor modification, but the
inexperiencedoperatorshouldnot beginto producenew
programsby changinga largenumberof data.

Generally, if a suitableprogramhasbeenfound for the
preparationof a particular material,only thedata in the
main phaseneedto bechanged,in most casesjust the
time. If theoriginal programdoesnot give satisfactory
results,longerprocesstimes in grinding andpolishing on
hard polishingmedia(Petrodisc-M,DP-Dur,DP-Mat)will
usually improveresults.With softer polishing clothsthe
polishing time should be kept to a minimum in order to
avoid relief androundingof edges.

In mostcases,the bestresultsareobtainedif specimen
holderand grinding/ polishingdisc rotate in the same
direction.In instanceswherea higherabrasionratefor
hardmaterialsis desirable,grinding with counterrotation
may be tried. Grinding of soft and brittle materialswith
counter-rotationis not recommendedbecauseit can
damagecoatingsandcausepulloutsof brittle phasesand
severedeformationin soft materials.

For grinding, thechoiceof disc speeddependson the
desiredrateof abrasion:the higher the rotationalspeed,
the higher the abrasion.However, certain materialsmay
be damagedat a speedof 300 rpm, especiallywhengrind-
ing with diamondasabrasive.In thesecases,grinding with
150 rpm is recommended(usealwaysISO rpm with
Petrodisc-M).

The polishing is alwaysdoneon 150 rpm. If, for any
reason,300 rpm is usedfor polishing, it is essentialto
apply enoughlubricant to the polishingcloth for cooling
purposes.

Normally, the forceis adjustedbetween150 and400 N for
grinding andbetween50 and 300 N for polishing.It is
essentialto keeptheforce at similar valuesfrom stepto
step, becauselargevariationswill makeit difficult to
grind andpolish theentire areaof thespecimens.
Programs1-6aredesignedfor six 30 mm dia. specimens.

To obtain the samepressureper unit of areawhen
preparingvariousquantitiesand sizesof specimenthe
force mustbe changed.With six 40 mm dia. specimensthe
force should theoretically be increasedby 75%. In actual
practicean increaseof 50% will be adequate.

Preparationof largespecimensrequiresother changes
besidesan increaseof the force: thegrinding paperneeds
more frequentreplacement,morepolishingsuspensionhas
to be applied, andprocesstimes haveto be increased.
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Varying the force

Diamondand

lubricant

Lubricant rate

Lubricating
Petrodjsc-M

5.7 Processcardsand
documentation

5.8 Reprogrammingof
standard programs
1-6

By changingthevaluesof the force in eachof thephases
independently,it is possibleto utilise both grinding paper
and polishingsuspensionbetter. In papergrinding, for
example,it is recommendedto selecta low value for the
“Pre” phasethen increaseit in the“Main” phase,and
increaseit againin the“Final” phase.In polishing the
“Pre”-phasehasthe functionof wetting thepolishing
cloth, andfor this operation(duration5-10 sec)a low
force is mostappropriate.You may thenusethe actual
processforce in the“Main” phase,reducingit againin the
“Final” phase,to avoiddeepscratches.

Diamondsuspensionshouldbe appliedat a rateadaptedto
the lubricantrate. If thediamond suspensionrateis
increased,the lubricantrate should be reduced.For
grinding on Petrodisc-Musea low abrasivedosing,and for
thehardpolishingclothsDP-Dur andPan-Wto usea
dosing equalto or higher than level 5.
The suspensionshouldbeagitateddaily.

Generally,the lubricant rateshouldbeadjustedto a
minimum, though it shouldalwaysbe sufficiently high to
preventthegrinding discor polishingdisc from running
dry. This is particularlyimportantwith Petrodisc-M.The
way diamondsuspensionand lubricantaredistributedon
thegrinding discand polishingcloth is alsoextremely
important to achieveoptimum results.For this reasonit
is possibleto adjustthe directionof the jet holder(fig.
13.3).The bestdistribution is obtainedwith a near-hori-
zontal spraydirection.

When usingPetrodisc-Mit is important to ensurethat the
suspensionis appliedcloseto thecentreof the disc and
thelubricantnearthedisc edge.In polishingboth
suspensionand lubricant shouldpreferablybeappliednear
thecentreareaof thecloths.

In order to assisttheoperatorin following the progressof
a program,eachprogramhasits own card(“Abramatic
ProcessCard”) statingall its stepsand stepdata.A holder
for this card is providedon the right side of thekeyboard
of theoperatingconsole.Light-emitting diodes(LEDs)
locatedon the keyboardnext to the card indicatethe step
being currently performed.

It is recommendedto entermodificationsof user’s
programsin relation to the baseprogramon a blank card.

Modification of the standardprograms1-6 requires
programmingof a new memoryblock (PROM) to replace
theoriginal PROM.At a reasonablecostStruerswill
programa new PROM basedon a user-designedprogram.
To do this the serialnumberof the operatingconsoleis
neededanda processcardcontaining all thestepdata
which are to be incorporatedin the 6 new programs.

Removalof theoriginal PROM, aswell asplugging-in of
thenewone requirespecialtools to avoid damageto the
PROM. If at somefuture time a duplicateshould be
needed,Struersis capableof supplying anew PROM when
informedof consolenumber,becauseall datawill be
storedon floppy discsfor 10 years.
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6. OPERATION

Abramatic will perform grinding on SiC paper,Petrodisc-
M, DP-NET cloth and diamondgrinding disc; andpolishing
on a variety of polishingclothsand final polishingwith
OP-SandOP-U.

For the preparationof largesamplesandfor high volume
output, it is recommendedto useanAbraplanfor plane
grinding, which is moreefficient and economical.

Abramaticwill work with both 160 and200 mm specimen
holder discs.For full utilisation of the consumablesthe
choiceof grinding andpolishing discs shouldbe
determinedby thediameterof the specimenholderdisc.

SpecimenHolderDisc/The following combinationsarerecommended(Struers
Preparation Disc codewordsin brackets):

160 mm specimen
holderdiscs

305 mm dia. grinding paper(ROTUS)on disc for non-
adhesivegrinding paper(ROTAL), accordingto the Knuth-.
Rotor principle

or

230 mm dia. grinding paper(ROTAR), with Spray

Adhesive(PAPLI) on 230mm dia. disc (DEDOT)
Grinding on 230 mm dia. (PETHA)
Petrodisc-M

Polishingon 250 mm dia. (DEDIF)
Aluminium-discs
200 mm specimen
holder discs

305 mm dia. grinding paper(ROTUS) on disc for non-
adhesivegrinding paper(ROTAL.), accordingto the Knuth-
Rotor principle

or

305 mm dia. grinding paper(ROTUS), with SprayAdhesive
(PAPLI) on 300 mm dia. disc (DEDAL)

Grinding on 290 mm dia. (PETIL)
Petrodisc-M
Polishingon 300 mm dia. (DEDAL)
Aluminium-disc

6.1 Accessories
and Consumables

Grinding with
grinding paper

Grinding with
grinding paper
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With levelling disc for either 160 mm (MAXNY) or 200
mm (MAXYR) specimenholder discs.This apparatus
ensuresthat thesurfacesof specimensclampedin a
specimenholderdiscareon thesamelevel, thus
minimising the time requiredfor planegrinding. The
levelling discensuresthat the specimensprotrude2,5 or 6
mm from the specimenholderdisc. In specialcasesthe
specimensmight protrudemax. 20 mm from the specimen
holderdisc (seesection10.5.3).

Metason 200 (METWO) Ultrasoniccleanerfor cleaningof specimenholderdisc
with specimens.

Drybox-2(DESIC) For drying of specimenholderdisc with specimens.

Diamond suspensions High Quality, 15, 9, 6, 3, 1 and 1/4 pm.

Oxide media

Lubricants

OP-S fine-polishingmedium(oxidepolishing medium,
mainly for non-ferrousmetals).
(1 litre: OPSOT,5 litres: OPSIF).

OP-U fine polishingmedium (oxide polishing medium,for
ferrousmetalsandmultiphasenon-ferrousmetals).
(1 litre: OPUNO, 5 litres: OPUFI).

Blue Lubricant (1 litre: DEPTI, 5 litres: DEPIF).

Red lubricant (I litre: DEPPO).

Diamond grinding discsBakelite bonded,230 mm dia.:

Grit 120 (120 pm) GRAVA
Grit 220 (65 pm) GRATO
Grit 600 (20 pm) GRASI

250 pm
125 pm
40 pm
20 pm

230 mm dia. PETHA
290 mm dia. PETIL

DP-Net for 45-6 pm

DP-Planfor 9-3 pm
DP-Mat for 15-6 pm

Pan-\V for 15-1 pm
DP-Dur for 6-1 pm
DP-Mol for 9-1 pm

DP-Plusfor 6-3pm

DP-Nap for 3 pm or smaller
OP-Chemfor OP-SandOP-U
OP-Napfor OP-SandOP-U

GRANT
GRARE
GRAFU
GRATY

GRAIB
GRAEL
GRANO
GRAKU

NETMI NETRE

DEPIM DEPAN
PAXTE
PANTE

DETRU DEMUK
DETMO DEMLO

DUPFI DUPET

Levelling apparatus
(MAX VA)

DiamondPads,self-adhesive

Petrodisc-M

250 mm 300 mm

Grinding disc for 15-6pm diamondsuspensions

Polishing cloths, self-adhesive Codeword

250 mm 300 mm

Prepolishing

Polishing

One-StepPolishing

Final Polishing DETAP
APMON
DETNA

DEMAN
APTIN
APCOL
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6.2 Program structure

6 additional
user’sprograms

Example

Standardprograms

Display

Processcard

ThreePhases
in eachstep

Pre-Phase

Main Phase

Final Phase

Abramatic hassix standardprograms,1-6, andallows
additional input of ten user’sprograms,7-10 which are
alwaysavailable,and 1-6 arehiddenbehindthe standard
programs.When you switch on Abramatic,thesix
standardprogramsand thefour openprograms1-10 will
automaticallybeavailable.If you want to useotherof the
openprograms,Abramaticis put in “Stand-by” andyou
pressone of thekeys, 5-10.

If eight openprogramsare required,press“8” andthen
the display will indicate “Fixed: 2 Open:8”. The four
“new” user’sprogramscorrespondto program3, 4, 5 and6
sothat 1-2 arestandardprogramsand3-10areopen
programs.
The standardprograms3-6 will not be deletedandcanbe
retrievedagainby selectingthe numberof openprograms
to four.

The user’sprograms1-6 arealsostored,i.e. therewill
alwaysbe tenavailableprogramsandsix hidden(see
“ProgramSurvey”).

With programs1-6 it is possibleto preparewith definite
resultsmostof thecommonlyoccurring specimens.User’s
programsareintendedfor preparationof materials
outsidethescopeof the standardprograms.

Eachprogramcontainsup to 8 steps,of which S may be
wet-grindingstepsand the remaining3 polishingsteps.
Thedisplayshowsthe relevantinformation,suchasgrit
of grinding paper,typeof polishingcloth and diamond
suspensionto be used,aswell asthe durationof individual
steps.The operatordoesnot haveto rememberthestep
data,asthedisplay will keephim informedof the type of
grindingpaper,grinding disc or cloth to be mountedon
the turntable.The display alsoindicateswhenit is time
for the specimensto be cleaned.

The operationconsolehasa holderfor a processcardon
which all thedataof anyparticularprogramarerecorded.
The processtime of eachstepis divided into threephases,
Pre, Main andFinal, eachsequencefollowing automati-
cally the next. However,the dataof eachof thephases
may differ considerablyin respectto dosingof lubricant
and suspension,force appliedor rotationalspeed.

The Pre-phaseis usedin the standardprogramseither for
startingoff preparationwith a low-forcegrinding or for
wetting thecloth with lubricant in thebeginning of a
polishingoperation.In thesecasesdispensingof polishing
medium will usuallybe suspendedin order to preventthe
diamondsbeing“flushed” away by the lubricant.

The Main phaseis theactualprocessingphase.

In the Final phaseit is possibleto reducethepolishing
forceor increasethe rateof lubricantsupply to achieve
the high quality known from manualpolishing.
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Disc Speed

Grinding

Polishing

IdenticalRotation

One-stepPolishing

Axial Displacement

Disc speedsareselectedin sucha way that anoptimal
quality is achievedat a minimum of time.

300 rpm areusedfor grinding to obtain a high rateof
abrasionand to ensureoptimaladhesionof the grinding
paperif grinding disc ROTAL is used.If 300 rpm is too
high for grinding of soft materials,use300 rpm in the
Pre-phaseto ensurepaperadhesion,andthencontinuethe
preparationat 150 rpm.

Generally,the appropriatespeedfor polishing is 150 rpm,
which is also the rateat which thespecimenholderdisc
rotates.

When polishing with identical rotation anda turntable
speedof 150 rpm thespecialcondition ariseswherethe
relativespeedbetweenspecimenand polishingbaseis
unchangingasto magnitude,andis constantlychanging
direction.This provides uniform polishingover theentire
specimensurfacewithout directionalpreferences,which
will preventsuchpolishingdefectsascomettails or
inclusionsto bepulled out.

Certainspecimens,suchasvery hardsteels,canbe
polishedin a one step-polishusing300 rpm.

Grinding and polishingspeedsfurtherdependon the
excentricity(non-alignment)betweentheaxesof
specimenholderand turntable.Largeaxial displacement
causeshigh relativespeedwith consequenthigh rateof
abrasion.Thus it appliesfor identicalrotation that
relative speedis directly proportionalto excentricity.
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Always keep main switchesturnedon, turn off only for
servicepurposes.Shift change-overkey from “Stand-by”
positionto “On”. Selectprogramand display thefirst
processstepby touching the two-handstartor one of the
buttons “Forward/Return”.

Placethe indicatedpolishingor grinding discon the
turntable,fitting the threepins of the disc into the
matchingholesof the turntable.Make surethat the
supportingsurfacesbetweenthe turntableand thedisc
areclean.

You may now mountthe specimenholderdisccontaining
thelevelled specimens(usea levelling apparatus,see
section6.1) in the quick-couplingon the specimenholder
motor. Insert the specimenholderstud in the quick-
coupling and,while pushingthe specimenholderupwards,
pressthe plasticflangeof thequick couplingdown with
your thumbs,thuspushingthe specimenholdera small
distancefurther into thecoupling. Continuepushingthe
specimenholderupwardsand let go of theplasticflange,
which returnsto its original position.The quick-coupling
hascaughthold of the specimenholderstud. By turning
thespecimenholderdisc, thedriving pins of the quick-
coupling will engagewith thespecimenholderdisc to
ensurethat they will rotatetogether.
To removethe specimenholder,depressthe plastic flange
of thequick-couplingwith your thumbs,holding theother
fingersunderthe specimenholderdisc to catch it whenit
is released.

Horizontal AdjustmentAdjust thespecimenholdermotor horizontally in relation
of SpecimenHolder to thedisc. For grinding purposesadjustit in sucha way
Motor that the largestpossibleareaof thegrinding paperis

utilised. With Petrodisc-Mthe specimensshould crossthe
centreaswell asthe edgeto preservedisc planeness.This
also applieswhen diamondgrinding discareused.When
polishing, usethe polishingcloth asextensivelyas
possible,but do not allow specimensto movebeyondthe
edge.By using matchingdiametersof the varioustypesof
discs (refer to section6.1) it is possibleto find a
permanentpositionfor the specimenholdermotor, which
avoidsadjustmentbetweensteps.

If non-adhesivepaperis used(Knuth-Rotorprinciple),
pour a small amountof cooling wateronto the discby
pressingkey “Water” (fig. 2.4).Thenplacepaperand
retainerring and startgrinding.In thecaseof largeand
soft specimens,which tendto tearthe paper,it is re-
commendedto startthe rotation of the turntableby
pressingthekey “Disc” beforeinitiating thestep.A fa-
vourableeffect on the final resultmay be obtainedby
“trimming” the grainsprojecting from the surfaceof the
grinding paperby passinga singlespecimenacrossthe
paperbeforestarting thestep. Alternatively,a disc of
grinding paper500 grit may be placed,grit facing down-
wards,undertheactualgrinding paper,to increasethe
friction betweenaluminium disc and grinding paper.

6.3 Performanceof
programs

PreparationDisc

Mounting of Specimen
Holder Disc

Removalof Specimen
Holder Disc

Non-adhesive
Grinding Paper
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Start

Stop

AdhesiveGrinding
Paper

6.’# Manual preparation

Theprocessstepis startedby simultaneouslyoperating
thetwo push-buttonsmarked“Start” (fig.l.3) on the front
panelof Abramaticuntil the specimenholder beginsto
turn.

In normalpreparationthestependswhenthe time shown
on the displayhascounteddown to 0 seconds,but it may
also be interruptedby pressing“Stop” or pushingthe
emergencystop. All normaloperations,exceptprogram
selection,canbe effectedby thetwo-handstartbuttons,
including acknowledgementof specimencleaningif
“Cleansamplesandchangedisc” is displayed.When the
displaytext says“End of Program”,repeatedactuationof
the two-handstartbuttonswill display the first stepof
the sameprogramagain,and it canberepeated.
By using the two-handstartbuttonsyou avoid leaving wet
anddirty fingermarkson the operatingconsole.
Paperadhesionwith sprayadhesiveis recommendedwhen
the preparationrequiresgrindingbeyondtheedgeof the
grinding paperto avoidrelief and rounding-off of the
outeredgeof thespecimens.However,this may cause
problemswith specimensmountedin soft resins,because
the resin causeslesswear of thegrinding paperthanthe
specimensdo. Also in suchcasesmay projectinggrains
advantageouslybe “trimmed” by passinga single specimen
acrossthe rotating grinding paper.Adhesivefixation of
the paperis further recommendedfor planegrinding,since
inadequatelylevelledspecimensare liable to tearpaper
fitted accordingto the Knuth-Rotorprinciple. “Spray
adhesive”canbe usedfor dixationof thegrinding paper
on a planealuminium disc.

Manualpreparationis possibleon a grinding and polishing
disc rotatingat 300 rpm after pressingthekey “Disc”.
Waterfor grinding is suppliedwhen pressingthekey
“Water”. When polishingmanually,press“Lubricant” or
“Abrasive” to obtain, respectively,lubricantand diamond
from Abramatic’sdispensingdevice.Selecttype by
entering into a programusingthe desiredcombination.
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6.5 Lubricant and
suspensionrefill

Air in thetubes

Warning!

Suspension

Cleaningof jets

Direction of
application

The specialfittings makeit easyto detachthescrewcaps
of thetwo 1-litre lubricantbottles from the tubes.Push
the red ring of the fitting down andpull out the tube.
Then removebottle with capand refill with lubricant.
Reinsertthebottle and connectthetwo tubesby pressing
the tuberight to the bottom of the fitting and pushingthe
red ring back up into place.This will lock the tubefirmly
into position(tubeshould be intact). Make surenot to
interchangethetubes.

After the refill operationair will be presentin the tubes.
This causesinaccuratedosing,and lubricantcontinuesto
flow from the jet for some time after the valve has
closed.To removetheair, flush the systemby operating
the“Manual Lubricant” button.

The pressurein the lubricantbottles is 2 bar. When the
doorof the bottle chamberis opened,the bottlesare
automaticallyde-pressurised,but with almostempty
bottles the pressureis not neutralisedimmediately.So
allow a little time beforeremovingtubesor screwcaps.
Make sure that thetwo lubricantbottlesareundamaged
whenrefilling.

Removethe250 ml OP-Sand OP-Ususpensionbottles
from thechamberandcleanthem beforerefilling in order
to avoid clogging of the systemdue to sedimentation.Do
not fill more than200 ml into thebottles,otherwisethe
suspensionwill spill over whentheautomaticstirring
effectedby blowing air throughthesuspensionis started.
Do not block thehole in thecap.

If thestandardprogrammes(1-6) are to be usedthe
bottlesmustbe filled asfollows:
Bottle 1: bluelubricant
Bottle 2: red lubricant
Bottle 3: 6 pm suspension
Bottle 4: 3 pm suspension
Bottle 5: 1 pm suspension

WheneverAbramaticis not operatedfor morethan4-6
hours,thejets should be cleanedof suspension.

Use thefollowing cleaningprocedure:
Selectprogram 1.
Find 1st polishingstep(6 pm) by repeatedactuationof
“Forward”.
Removeplastic suspensionsupply tubefrom jet on right.
Manually actuate“Abrasive” for 5 seconds.
Refit tube.

Thenproceedto nextpolishingstep3 pm pressing
“Forward” and repeatprocedurefor centrejet. Finally,
repeatprocedurefor left 1 pm jet. Also cleanif anyof
the 3 jets havesuppliedsuspension,but not will be
operatedfor thenext 4-6 hours.

The directionof the lubricantandsuspensionsprayscan
beadjustedby turning the jet holder.The lubricant jets
canalso be turnedin their holdersso asto changethe
distribution of thesuppliedlubricanton thecloths.The
bestpositioningwill vary accordingto thediametersof
the discsand specimenholderdiscsused.
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7. TROUBLE SHOOTING

Redlight on (Emergency
stop or overloaded)

No suspensioncomesout
of the suspensionnozzles

The suspensioncannot
reachthe nozzle during
dosage

Emergencystopdepressed.
ReleaseEmergencystop by pulling the button.

Oneof the motorsoverloaded.
Wait till red light turns off.
Reducegrinding or polishingpressure.If light turns on
soonafter, 1-2 seconds,one phaseis missingor a motor is
defective.

The nozzlesarechokedby thedried up suspension.
Dismountand cleanthenozzles(seesection10.5.8)
Thenozzlesarenot properlyadjusted.
Dismountand adjustthe nozzles(seesection10.5.8)
or

The suspensionsdo not havethe right viscositybecause

Centralareaof specimens
in specimenholdernot
polishedafter grindingon
Petrodisc-Mor diamond
grinding wheel

Polishingsuddenly
requiresvery long time

Deficient amountof
cooling water

a) theyarenot Struers’suspensions.
Changefor Struers’or adjustnozzles.

b) theyare too old.
Changesuspension.

c) they haveremainedtoo long since thelast
bubbling-through.
Set themachineon “stand-by”and thenon “on” to
start thebubbling-throughof the suspensions.

Specimenstravel too far beyondextremeedgeof grinding
disc.
Adjust positionof specimenholderdisc relative to
grinding disc (shift specimenholder motor).

or

Excessivegrindingforce usedin precedingstep
(Petrodisc-M,grinding paper,Abraplan).
Reducepressurein grinding process,maintainingalmost
thesamein eachstep.

or

Unevendistributionof diamondson Petrodisc-M.

Adjust suspensionjet, aiming it in morecentraldirection.

Suspensiondeteriorated,causingdiamondsto sink to the
bottom.
Agitate bottle frequentlyor changesuspension.
Coolingpump rotatesin wrong direction.
Changeover two phasessupplyingthepump.

or

Lack of water in container.
Add waterandadditive.(Seesection3.4).

28



Grinding papertorn on
contactwith specimen

Grinding papertorn on
contactwith specimen
(especiallywhenspecimens
areprotrudingmore
than 6 mm)

Difficulties in removing
specimenholderdisc from
quick-coupling

Polishingdisc continues
rotation after completion
of step

Display showing
“Waiting 1—5”

Excessivegrinding pressure
or
Specimensinadequatelylevelled.
or
Soft andductile specimens.
Fix paperby adhesionor pressagainstgrinding wheelwith
dummyspecimen(Seesection6.3).

Excessivedown-speed.
Adjust speedwith throttlevalve on backof machine(turn
right to reducedown-speed)Fig. 6.4 (Seesection10.5.3).
Incorrectadjustmentof shockdampeningin compressed
air cylinder.
Removebottle tray andadjustthe screwof thecylinder.
Seesection10.5.4.Normal adjustment1/8 turn from
homeposition.
Burrson specimenholderstud producedby displacement
of quick-couplingon shaft.
Removeburrsand adjustpositionof quick coupling on
shaftwith a distanceof 27-28mm to the shaft end.

Contactordamagedby overheatingandfails to switch off
motor.
Repairor replacecontactor.

or

Fuse(F 4) on controlcurrenttransformer(T 2, 24 V) is
defectiveand should be replaced.
Waiting 1 indicatesthat the safetyswitch S6hasturned
off the motor of the pressurecontrolunit in order to
protectit asthecomputerhaslost control.
This happenswhenthe machineis exposedto short
disturbancesin the operatingvoltageduring process.
1. The machinemustbe seton Poweron=

readyto start.

2. Checkthepressureon the manometerof thepressure
controlunit.

3. If the pressureon the manometerof the pressurecon-
trol unit showsa figure higher than5.3 bar, the two
conductingwiresof the microswitchS6 shallhaveto
be short circuitedon terminal x 1008 andx 1010. The
machinewill thenresetautomaticallyand againbe
readyfor use.
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4. If on the manometerof the pressurecontrol unit the
pressureis down to 1,4 bar the machinemust be
turnedoff. The two screwson the motor box shallbe
loosenedand the reducingvalveis turnedround
manually(with a 2mm Allen key in the hole of the
reducingvalve) and clockwiseuntil the manometer
indicatesabout2-4 bar. The two screwson the motor
box are fastened,and the machinecanbestarted
again.

Waiting 2-S may indicatedefect in slottedoptical
switches(B1-B6), defectiveinterfacecircuit boardor
loosewires.
Call serviceengineer.

Display defective Defect in displaycircuit board.
Replace.

Defect in CPU circuit board.
Replace.
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8. CLEANING Abramaticand the recirculatingcooling unit shouldbe
cleanedregularly to avoid poor preparationresultsdue to
contaminationby abrasivegrainsand metalparticles.

Usewaterand ordinarydetergentfor cleaningthe drain
tray and the cover.Paintedsurfacesshould be cleaned
with a dampcloth, and the sameappliesto thekeyboard
(do not cleanwith alcohol). Cleanthecooling tank and
makesurethat all abrasivesludge is removedbeforefresh
water is filled into the tank (approx.30 1) andadd
“Additive for Cooling Fluid” in the concentrationstated
on the label. This ensuresbettercooling andprevents
corrosionof machineand specimen.

For cleaningof suspensionjets, refer to section10.5.8. If
thejet is blockedby dried suspension,dismountit and
placeit in very hot water,alternativelyin an ultrasonic
cleaner,for approx. 10 mm.

Make surethat thejets arecorrectlyadjustedwhen
remounted;refer to section10.5.8.
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9. MAINTENANCE

9.1 Belt tension

9.2 Air filters and
water separator

9.3 Lubrication chart

Once a year checkthetensionof theV-belts running
betweenthe principal motor and the turntableto
ascertainadequatetension.Accessto V-belts and tension
adjusteris gainedby removingthelower backplate.With
correctbelt tensiona force of l5N appliedhalf-way
betweenthe V-belt pulleyswill depressthe belt approx.8
mm.To tighten thebelts, adjustthe nutson thespindle
(fig. 6.5). Securebothnuts afteradjustment.

Thecompressedair filter (fig. 4.4) shouldbecleanedonce
everyyear,dependingon thequality of thecompressed
air. The waterseparatorcontainingthe filter should be
drainedwhenevernecessaryto preventthewater level
from reachingthefilter. Drain by shifting the plastic tube
in the bottomof the tank.
The microfilter (fig. 5.1)cleaningthecompressedair for
thelubricantand suspensionsystemshould be replaced
everysecondyear.

LubricationPoint Lubricant Interval

Quick-coupling

Columnsurfaces

Spindleof pressure
controlvalve(fig. 4.3)

Axial bearing(fig. 9.2)

Gearmotor gear

Oil

Oil

Grease 1)

Grease 1)

Grease 1)

200 hours

200 hours

500 hours

1000 hours

2000 hoursor
2 years

1) BP: EnergreaseHT-O
Esso:Fibrax 370
Mobil: Mobil grease480
Shell: Simniagrease0

9.4 Testof safetyvalve The safetyvalve mustbe testedat leasttwice a year.
This is doneby pulling thefinger screwa little out - air
must getout if thevalve is in order.
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10. SERVICE AND REPAIR
(for serviceengineers)

10.1 Mechanical design
(fig. 11)
Frame

Moving Parts

Up/downUnit

BearingBlock

Quick-Coupling

The machinerestson a stationarybaseframebuilt of
steelsectionsand steelplate. On this frameguards,drain
tray etc.aremounted.Theframeis surmountedby a unit
comprisingthe moving partsand the pneumaticand
electric systems,all of which suspendedin a vibration-
dampenedrubberenginemounting.

The moving partsreston a sturdy horizontalbeam,on its
front end the bearingstructurefor the grindingwheel is
mountedand its otherend supportsthe principal motor
(fig. 11.22)mountedin a slidablecarriageunderthe beam.
On top of the beamtwo hardenedprecision-ground
columnsaremountedon which the up/downunit travels.

The up/downunit consistsof a sturdy horizontaltraverse
to which two cylindrical guidesarewelded,providedwith
smooth-runningball bushes.The front end of thetraverse
accommodatesthegearmotor (fig. 11.1)driving the
specimenholder.Pointingvertically downwards,the shaft
of thespecimenholder motor is fitted with thequick-
coupling for thespecimenholderdisc.

The bearingblock (fig. 9) consistsof a heavy-dutyaxial
bearingand two ball bearings.The lower part is mounted
with a V-belt pulley, andthe upperpart with a turntable
on which thegrinding or polishingdisc is placed.The
plastic drain tray extendsinto thehousingof the bearing
block, which preventswaterfrom spilling over by a high
edge.

The principal motor is a 1/1.5 HP, three-phase
asynchronousmotor with two speeds.The power is trans-
mitted to theturntablevia two V-belts.
Thequick-coupling(seefig. 10) consistsof a stationary
part, mountedon the shaftof the specimenholdermotor,
and a vertically movablepart. When the movablepart
travels down,two steelballsrecedeto allow insertionand
removalof the specimenholderstud. Whentheoperator
releasesthemovablepart, theaction of a spring causesit
to moveupwards,and at thesametime the two balls
engagewith a slot in thespecimenholderstud, locking it
into position.Rotationis transferredto the specimen
holderby threespring-loadeddriving pins causedto
engagewith the stud of the specimenholderdisc by
turning the latter.
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10.2 Pneumaticsystem Refer to diagramat the endof manual.

Theup-and-downmovementof the specimenholderdisc
motor with specimenholderdisc is effectedby meansof a
compressedair cylinder. The cylinder hasan adjustable
shock-dampeningin bothendsto softentheimpactof the
piston.

Compressedair is admittedto theprimary side of the
cylinder througha reductionvalve (fig. 4.1) adjustedto
3.0 bar to counterbalancethe own-weightof the up/down
unit and return it to its initial positionafter the process.
The downwardmovementis causedby removalof the
counterpressurefrom the primary sideby deaeration
througha throttle valve.In this way the down-speedcan
be controlledwith thethrottle valve (fig. 6.4), which is
adjustablein specialcases(seesection10.5.3),and to
which easyaccessis provided at thebackof the machine.
3ust beforecontactbetweenspecimenholderand grinding
or polishingdisc the magnetvalves(fig. 4.2) for
counterpressureand processpressure,respectively,are
opened.This operationis controlledby two slottedoptical
switchesmountedat the up/downunit. The process
pressureis adjustedwith a motor-operatedpressurecon-
trol valve (fig. 4.3)controlledby the microprocessorvia
the interfacecircuit board. When the main switch is
turnedon, thepressurereferenceof the microprocessoris
resetin relation to the motor adjustment.The compressed
air is cleanedby passingthrougha manuallyoperated
waterseparator(fig. 4.4) containinga filter.

10.3 Spray system The dispensing of lubricant and diamond/suspensionis
donewith compressedair. Beforecontactwith the liquids
the pre-cleanedcompressedair is passedthrougha
microfilter (1/4 pm) (fig. 5.1) and its pressurereducedto
approx.2 bar with a pressurecontrolvalve (fig. 5.2).

Dosing of the diamondsuspensionis effectedby the
mixing jets (fig. 13.1)drawing theliquids from the bottles
with compressedair. Thecompressedair admittedto the
individual mixing jets is controlledby magneticvalves
(fig. 5.3) which are in turn controlledby themicropro-
cessor.Manualoperationof theair valvesis possibleby
pressinga button mountedon the valves.

The compressedair for thelubricant is passedthrougha
closingand bleedervalveto the two 1-litre bottles,which
areput underpressure.Wheneverthe doorof the
compartmentis opened,the bottle is depressurisedby the
bleedervalve.The lubricant is passedthroughtubesfrom
thebottles throughmagnetvalves(fig. 5.5) to the jets
(fig. 13.2).
A sealedsafetyvalveadjustedat 2,5 bar ensuresthat the
bottlesarenot exposedto too high a pressure.Seesection
6.5.
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10.4 Electric system

10.5 Adjustments and
and testing

10.5.1 Adjustment of
counterpressure

10.5.2 Adjustment of process
pressure

10.5.3Adjustment of
down-speed

Theelectric systemcomprisesthreeparts: 1.
Microprocessor(CPU), S V. 2. Interfacecircuit board, 24
V, for actuationof control motor, valve,contactorsand
relayson signal from the microprocessor.3. High-voltage
unit, 115-500V, for startingand stoppingprincipal motor,
specimenholdermotor andpump with contactorsprovided
with thermalcut-outswitchesto preventmotor damage
from overload.

The microprocessoris locatedin anoperatingconsole
with membranekeys, 32-characterdisplaywith control
circuit, anda 5 V powersupply. The operatingconsoleis
connectedto the machinewith multiwire socketin the
backof themachine.

Adjustmentslisted below areonly requiredafter repairs.

Thecounterpressure,i.e. the pressureon the primaryside
of thecompressedair cylinder, which counterbalancesthe
own-weightof the up/downunit and returnsthe unit to its
initial top position,is adjustedby the reductionvalve
(fig. 4.1). Thecorrectpressureis 3 bar (whenusing air to
eliminatehysteresis).Measurewith a precision
manometer.

Turn off Abramaticwith stand-bykey and allow approx.
15 sec.beforeturning it on again.This will causethe
control motor (fig. 4.5) to adjustto a pressureof 200N,
which should correspondto 2.3 baron the reductionvalve
(fig. 4.3). If the manometerreadingis not 2.3 bar (when
using air to eliminatehysteresis),adjustthevalvespindle
in relation to themotor shaft extension.This is doneby
slackeningtwo pointedscrewswith a 2 mm Allen key and
then turning the spindleuntil correctpressureis obtained.
Securethe two pointedscrewsafter adjustment.

SO N correspondsto 1.4 bar
700 N correspondsto 5.4 bar.
(VersionVI: 1.7 bar,
Version V2: 2.3 bar)

Thedown-speedis regulatedby anadjustablethrottle
valve (fig. 6.4), normalpositionof the valvebeingapprox.
1 3/4 turns from the homeposition.To obtain faster
travel give valve anotherapprox. 1/4 turn. Screwingthe
valve beyondthat position maycauseproblemsin the
form of excessiveinitial grinding pressure(for approx. 1/4
- 1 sec),involving a risk of thespecimentearingthe
grinding paperor polishingcloth. At specimensprotruding
more than6 mm from the sampleholderdisc, the brake
(seebelow)doesnot work, and in this casethe throttle
valve(fig. 6.4) is closed1/2 to 1 turn to reducethedown-
speed.
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10.5.4 Adjustment of brake
action in bottom
position of vertical
movement

10.5.5Adjustment of
quick-coupling

The brakeincorporatedin the compressedair cylinder
comesinto operation5-10 mm abovethe polishingdisc,
dependingon how far specimensprotrudefrom the speci-
menholder.Accessto theadjustingscrewis gained
throughthe bottle chamberafter removalof the bottle
tray. Two adjustingscrews(fig. 10) are locatedhere.The
upperscrewadjuststhebrakingaction of theup/down
unit whenit returnsto its initial top position.Normal
adjustmentof the down-speedbrakeaction is approx. 1/8
turn from the homeposition.Adjustmentis very delicate,
becausethe brakingaction should not preventthe speci-
menholder from contactwith the grinding wheel when
working at a low processpressure(50 N). This maycause
pro-blems,particularly with thin specimens,therefore
specimensshould alwaysprotrudeapprox.2.5 mm from
specimenholderdisc.

After slackeningof the two screws(fig. 10.5) the position
of thequick-couplingon theshaft canbe vertically
adjusted.Mounting thequick-couplingtoo closeto the
shaft endmay transmit thegrinding pressureto the
specimenholder throughthe two lock-balls. This would
damagethespecimenholderstud and makeremovalof
the specimenholderdifficult. Incorrectmountingcanbe
noticedeitherby measuring(seesection7) or by the fact
that thelock slotsof the specimenholderstudshave
becomesmoothfrom wear.
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10.5.6 Cleaningof
pneumatic system In spiteof the filter with water separatorbuilt into the
(diagram 376-M-100) apparatus, compressedair with a high contentof water,

oil and/ordirt, may bedetrimentalto theoperationof the
apparatus.This becausedirt andoil settleon the
membranesof thevalve, thushamperingtheir function.

If a servicecheckrevealsoil andwater in thewater
separator(V7) and liquid in thecompressedair tubes,
valvesand tubingsmust becleaned.A completecleaning
requiresseparationvalvesand tubings,however, in most
casesit is sufficient to rinse tubesand valveswhich are
particularly exposed,in alcohol,especiallythereduction
valves(V3) and (V4) aswell asthe throttlevalve(V6). NB:
the compressedair cylinder must not be exposedto alco-
hol, becausethegreaserequiredin the cylinder would
therebybewashedout too.

1. Cleaningof thecompressedair side:
a) vent theapparatus

b) dismountthetubefor thetop of thecompressedair
cylinder

c) dismountthetubefor theinlet side of the reduction
valve(V3) and fill it up with alcoholand mount it
again

d) put thereductionvalveon maximum

e) the magneticvalve (V9) is openedby meansof a
manualbutton

f) thecompressedair is connectedagainwherebythe
valvesarerinsed - repeatthewhole processus2-3
times

g) mountthe tubefor thecompressedair cylinderagain

2. Cleaningof the counter-pressureside

a) vent the apparatus

b) dismountthe tubefor the bottom of thecompressed
air cylinder

c) dismountthe tubefor the outlet side of the reduction
valve (V4) and fill it with alcoholand mountit again

d) NB: do not increase/decreasethefunction of this
reductionvalve,asit is adjustedpreciselyfor 3.0 bar

e) connectthe compressedair againwherebythe valveis
rinsed - repeattheentireprocessus2-3 times

NB: If thereis alcohol in the tubefor the manometre,
dismountthetubenearthe manometerandblow it clean.

37



10.5.7Disassemblyof Accessfor exchangeof drain tray (fig. 11.7) and to axial
main bearing bearing(fig. 9.2) is gainedin the following way:

Removethe turntable(fig. 9.1) by taking out thethree
screws.Then takeout the two screwsin the bearingcover
(fig. 9.3) and removecover.
Disassemblyand dismountingof thebearingblock canbe
performedafter removalof the V-belt pulley at the lower
end of theshaft. To removeV-belt pulley at the lower end
of shaft, takeout the 2 screwsin the bush.Takeoneof
the screwsand put it in thethird unusedhole. Now
removethe pulley. When refitting thepulley, insert the
screwsin their original holes,andafter re-mountingthe
pulley in its position 2 mm from theend of the shaft,
tighten thescrewsagain.

10.5.8Cleaningand If the lubricantand suspensionbottleswith tubesarekept
adjustmentof jets free from dirt, removalandcleaningof the jets will not

be necessary.

The designof thesuspensionjets causesthesuspensionto
return to the bottle wheneverthe jet is inactivefor any
considerabletime. This generallypreventsblocking of the
jets with dried-upsuspension.If, however,a jet has
becomeblocked,the driedsuspensioncanbe removed
either by blowing throughthejet or by cleaningit with a
needle,(do not usea needlefor thelubricant jets).

The suspensionrateof the suspensionjet can bevariedby
adjustingthedistancebetweentheinner and outer parts
of thejet. The jetsare factory-adjustedto approx. 1 turn
from home.
Adjusting by useof Struerssuspensions

A. Dismountthe tubesand pressthe jet out from the jet
holder.

B. Screwpart 1 andpart2 from eachotherandclean
them, if necessary.

C. Loosenpart 4 and screwboth part3 andpart 4
backwardstowardsthe connectingbranchfor
compressedair.

D. Screwpart 1 and part 2 (smearedwith vacuumgrease)
right together.

E. Screwpart 1 3/4-1 turn forwardagain.
F. Turn part3 until it lies trueagainstpart 1.
G. Turn part4 until it lockspart 3.
H. Pressthe jet backin thejet holderand connectthe

tubes.

Dependingon the viscosityof the suspensionsyou cantry
with a largeror smallerdistancebetweenpart 1 andpart
2 (seepoint E.).

Impurities in the lubricantmay block thelubricant jets.
Removethejet and try to blow theimpuritiesout with
compressedair (blowing it in from the outsideof thejet).
If this doesnot help, thejet may becleanedwith a very
fine needleundera microscope.Beforeremountingthe
tubeon the jet, flush thesystemby actuatingthe“Manual
lubricant” key.

NB:
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10.5.9 Testing operating
console,buttons
and sensors

The operatingconsolehasa built-in auto-testand testof
buttonsand sensors.Actuationof the main switch always
startstesting of the two memoriesPROM and RAM, and
in thecaseof errors,displayshowsfor 10 seconds,either
“PROGRAM ERROR” if thereis anerror in the PROM, or
“MEMORY ERROR” if the RAM is defective.An autotest
procedurestartsif theoperatordepressesoneof the two-
handstartbuttonsandat the sametime actuatesthe
main switch. The displaynow shows“DIAGNOSTIC” and
after that display indicatesfor 10 secondsPROM = OK,
RAM = OK, if the two memoriesare in working order, and
PROM = XX, RAM = XXXX, if both PROM andRAM are
defective.After this memorytestall keyboardlamps
(LEDs) areautomaticallytestedby lighting up success-
ively at one secondintervals,the display indicating“LED-
TEST”. Finally, the displayshowsT = XX-XX I = XX, XX,
“X” changingwith actuationof different keys,buttonsor
sensors.T standsfor testcodeand I for input codefor
pushbuttonsandsensors(slottedoptical switches).

T=XX-XX I=XX,XX

1 2 3

1 Testcodefor key board,(also for extrakeys),hold
keysfor a coupleof seconds.Seetableat thebackof
instructionmanual(376-M-22OR).

2 Testcodefor sensors(slottedoptical switches)in
connectionwith pressureadjustmentand positionof
up/downunit.

Slottedoptical switch no. 1 on
pressurecontrol unit
Slottedoptical switch no. 2 on
pressurecontrolunit
Stopfor bottom referencepressure
on pressurecontrolunit
Signal for up/downunit (top)
Signalfor up/downunit (bottom)

In thecaseof simultaneous
actuationof severalsignalsthe
displayshowstheaddedresult.

Signalfor up/downunit (top)
Signal for up/downunit (bottom)
Slottedoptical switch 2

In this casethe displaywill not
show 32 but 2 G, since G = 16.
Otheralphabeticcodesinclude
A = 10, B = 11, C = 12, D = 13,
E=14,F=lS,G= l6,etc.

Example1:

01

02

08
10
20

10
20
02

32
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Example2: Stop for bottom referencepressure
on pressurecontrol unit 08
Slotted optical switch 1 01

09

Display indication: 09

3 Testcodefor pushbuttonsand
door sensor

Signal for “Stand-by” switch “On” 01

Example:
Signal for emergencystop 02
Signal for door open 03
Two-handstartbutton (right)40
Two-handstartbutton(left) 80
Emergencystop+ “On” 03
Door sensorsignal + “On” 05
Door sensorsignal + Emergencystop 07
Both two-handstartbuttons+ “On” CI

In addition, the displaywill show whetherAbramaticis
waiting for signals.Normally,suchindicationsareonly
displayedfor a few seconds,but if they do not disappear
thecausemay bea defectin thesystem(call service
engineer).

Abramatichasthefollowing waiting signals:

WAITING: 1 Waiting for pressurecontrolunit to reset
after actuationof main switch.
WAITING: 2 Waiting for signal for up/downunit (bottom)
to disappear.

WAITING: 3 Waiting for signal for up/downunit to
disappearor for completionof pressureadjustmentafter
step.
WAITING: 4 Waiting for signal for up/downunit (top) to
disappearafter completionof step.

WAITING: 5 Waiting for completionof pressure
adjustmentafter step.
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Survey of program data
(standard programs 1-6)

Fixed Programs
Prog.
No. Materials

1
Basic program
for modification

2
Low and high
alloy steels

3
Routine method
for steels

4
Non ferrous metals
Plastics

5
Ceramics
Sintered carbides

6
PCB
Soft electronic components

Open Programs
Prog.
No.

Base
Prog.

.

Materials

1

2

3

4

5

6

7

8

9

10



Materials: Basic program for modification :

— General steels, plasma spray coatings: without process B.
— Ceramics, sintered csrbides: use process C*instead of A and B.

Program
No: 1

Process Disc/Cloth. SiC—paper Total Time: 90 s Pre Main Final
Type:

A

Step:
1

Grain Size: 120 No: Time 5 ~ 65s 20 r
Lubricant: Water No: Force lOON 250 N 300N
Rotalign: ~X’ / ~ ~ Lubr. Dosing_
Comments: Until plane ~bras. Dosing_ —

Disc R.P.M. 300 300 300
Process
Type:

B

Step:
2

Disc /C.1.sth. SiCpaper Total Time: 60 S Pre Main Final
Grain Size: 320 No: Time 5 s 35 s 20 s
Lubricant: Water No: Force 15ON 250 N 200N
Rotation: ~ 1 ~ ~‘ Lubr. Dosing_ — —

Comments: Abras. Dosing_ — —

Disc R.P.M. 300 300 300
Process Disc/~: SIC—paper Total Time: 60 s Pre Main Final
Type:

B

Step:
3

Grain Size: 1000 No: Time 5 s 35 s 20 ~
Lubricant: Water No: Force 150N 250 N 200N
Rotation: *~ ~‘ ~ ‘ Lubr. Dosing_ — —

Comments: Abras. Dosing_
Disc R.P.M. 300 300 300

Process
Type:

D

Step:
4

Disc /Cl-oth. Petrodisc—M Total Time: 300 S Pre Main Final
Grain Size: 6 j.im No: 3 Time 5 s 235 s 60 ~
L’.thricant: Blue No: 1 Force 1SON 250 N 200N
Rotation: -E~J-~~ ~ Lubr. Dosing_ 7 2 2
Comments: Abras. Dosing_ 0 4 4

Disc R.P.M. 150 150 150
Procesf
Type:

E

Step:
5

~/Cloth: DP—Mat Total Time: 300 s Pre Main Final
Grain Size: 6 pm No: 3 Time 5 s 235 $ 60 s
Lubricant: Blue No: 1 Force 150 N 250 N 200N
Rotation: ~tX~“‘ ‘ Lubr. Dosing_ 10 3 2
Comments: Abras, Dosing_ 0 4 4

Disc R.P.M. 150 150 150

Process /Cloth: Pan—W Total Time: 300 S Pre Main Final
Type:

~
~

Step:
6

Grain Size: 3 ~m No: 4 Time 5 s 235 s 60
I~ç~n~: Blue No: 1 Force 150 N 250 N 200N
Rotation: ~ Dosing_ 10 3 3
Comments: Abras. Dosing_ 0 4 4

Disc R.P.M. 150 150 150
Process
Type:

G

Step:
7

/Cloth: DPNap Total Time: 90 s Pre Main Final
Grain Size: 1 pm No: 5 Time 5 s 55 s 30 s
Lubricant: Blue No: 1 Force 150N 200 N lOON
Rotation: ~ Lubr. Dosing_ 10 7 7
Comments: Abras. Dosing_ 0 4 3

Disc R.P.M. 150 150 150
Proces~ e/Cloth: OPChem Total Time: 60 s Pre Main Final
Type:

H

Step:
8

Grain Size: OP—U No: Time 5 s 35 s 20 s
Lubricant: No: Force lOON 150 N lOON
Rotation: ‘ ~- /1C~ Lubr. Dosing_ — — —

Comments: Optional. Add OP—U
manually sod water only to final.

Abras. Dosing_
Disc R.P.M. 150 150 150

4; Struers Abramatic Process Card



Program Materials:
No: 2 Low and high alloy steels

Process
Type:

A

Step:
1

Disc/O$~tr. SiC paper Total Time: 90~ Pre Main Final
Grain Size: 120 No: Time 5 s 65 s 20 r
Lubricant: No: Force 100 N 250 N 300 N
Rotation: 4x~-/~ ~ Lubr. Dosing~..~~~— — —

Comments: Until plane Abras. Dosing.~~~
Disc R.P.M. 300 300 300

ProcesrS Disc /O1-~th: SiC paper Total Time: 9Os Pre Main Final
Type:

B

Step:
2

Grain Size: 220 No: Time 5 s 65 s 20 s
Lubricant: No: Force 150 N 250 N 200 N

Rotation: ~ ,‘ ~ Lubr. Dosing_
Comments: Abras. Dosing_ — —

Disc R.P.M. 300 300 300
Process Disc/O~. SiC paper Total Time: 60 s Pre Main Final
Type:

B

Step:
3

Grain Size: 500 No: Time 5 s 35 s 20 s

Lubricant: No: Force 150 N 250 N 200 N
Rotation: ~ / ~ ‘ Lubr. Dosing_ — — —

Comments: Abras. Dosing_
Disc R.P.M. 300 300 300

Process Disc/~ff. SiC — paper Total Time: 6Os Pre Main Final
Type:

B

Step:
4

Grain Size: 1000 No: Time 5 s 35 s 20 s

Lubricant: No: Force 150 N 250N 200 N
Rotation: ~ / ~ ‘ Lubr. Dosing.~~~.. — — —

Comments: Abras. Dosing — — —

Disc R.P.M. 300 300 300
Process
Type:

E

Step:
5

~/Cloth: DPDur Total Time: 180s Pre Main Final
Grain Size: 6 ~m No:3 Time 5 s 115 s 60 s
Lubricant: blue No: 1 Force 150 N 25ON 200 N
Rotation: ~X* / ~ ~ Lubr. Dosing.~~~ 10 5 4
Comments: ~bras. Dosing_ 0 4 4

Disc R.P.M. 150 150 150
Process ~/Ctoth: DP—Dur Total Time: 180 s Pre Main Final
Type:

F

Step:
6

Grain Size: 3 pm No:4 Time 5 s 115 s 60 r
Lubricant: blue Nod Force 150 N 25ON 200 N
Rotation: ~~/“‘ Lubr. Dosing.... 10 5 4
Comments: Abras. Dosing.,... 0 4 4

Disc R.P.M. 150 150 150
Process
Type:

G

Step:
7

~4~e/Cloth: DP—Nap Total Time: 90 S Pre Main Final
Grain Size: 1 pm No: 5 Time 5 s 55 s 30 s

Lubricant: blue No: 1 Force 150 N 200N 100 N
Rotation: X~X*~ / ~+ ~ I.ubr. Dosing...... 10 7 7
Comments: Abras. Dosing_ 0 4 3

Disc R.P.M. 150 150 150
Procesr ~/Cloth: OPChem Total Time: 40 s Pre Main Final

Type:

H

Step:
8

Grain Size: OPU No: Time 5 S 25 $ 10 s
Lubricant: — No: Force 100 N 150 N 100 N
Rotation: ~ / ~ Lubr. Dosing.~.~~~
Comments: Optional. Add OP—U

manually and water only to final.

A,bras. Dosing~..
Disc R.P.M. 150 150 150

4; Struers Abramatic Process Card



Materials:

Process
Type:

A

Step:

Disc /013k-h. SiC Total Time: 90s Pre Main Final

Grain Size: 120 No: Time 5 s 55 s 30 s
Lubricant: No: Force 100 N 250N 300 N
Rotation: ~+X* / ~ ~‘ Lubr. Dosing_ — — —

Comments~ Until plane Abras. ~

Disc R.P.M. 300 300 300
Procesr Disc/O4eTh~ Petrodisc—M Total Time: 300s Pre Main Final
Type:

D

Step:
2

Grain Size: 6 pm No:3 Time 5 $ 235 s 60 s
Lubricant: blue No:1 Force 150 N 2SON 200 N
Rotation: ~ / ~ ‘ Lubr. ~ 7 2 2
Comments: Abras. Dosing.. 0 4 4

Disc R.P.M. 150 150 150

Process ~i~/Cloth: DP—Plus Total Time: 24Os Pre Main Final
Type:

F

Step:
3

Grain Size: 3 pm No: 4 Time 5 s 175 s 60 s
Lubricant: blue No: 1 Force 150 N 250N 200 N
Rotation: ~ / ~ ‘ Lubr. Dosing.....~ 10 7 7
Comments: Abras. Dpsing..... 0 4 4

Disc R.P.M. 150 150 150
Process ~/Cloth: DP—Nap Total Time: 9Os Pre Main Final
Type:

G

Step:
4

Grain Size: 1 pm No: 5 Time 5 s 55 s 30 s
Lubricant: blue No: 1 Force 150 N 200w 100 N
Rotation: ‘xt / ‘ ‘ Lubr. Dosing.......... 10 7 7
Comments: Optional. Abras. Dpsing_ 0 4 3

Disc R.P.M. 150 150 150
Process
Type:

Step:
5

Disc/Cloth: Total Time: $ Pre Main Final
Grain Size: No: Time 5 s
Lubricant: No: Force N N N
Rotation: ~ ~ / ~ ~ Lubr. Dosing.
Comments: Abras. Dosing_

Disc R.P.M.
Process
Type:

Step:
6

Disc/Cloth: Total Time: s Pre Main Final
Grain Size: No: Time :

Lubricant: No: Force N N N
Rotation: ~ / ~ ~ Lubr. Oosing_
Comments: Abras. Dosing~.~~~

Disc R.P.M.
Process
Type:

Step:

7

Disc/Cloth: Total Time: s Pre Main Final
Grain Size: No: Time
Lubricant: No: Force N N N
Rotation: ~ 1 ‘ ‘ Lubr. Dosing_
Comments: Abras. Dosing_

Disc R.P.M.

Process
Type:

Step:
8

Disc/Cloth: Total Time: s Pre Main Final
Grain Size: No: Time 5 5

Lubricant: No: Force N N N
Rotation: ~ / ~ ~ Lubr. ~

Comments: Abras. Dosing_
Disc R.P.M.

///Struers Abramatic Process Card

Program
No: 3 Routine method for Steels



Program Materials:
No: 4 Non—ferrous metals and alloys — Plastics

Process

Type:

B

Step:
1

Disc/.~~ SiC—paper Total Time: 60s Pre Main Final
Grain Size: 320 No: Time 10 s 30s 20 s
Lubricant: Water No: Force 50 N l5ON 150 N
Rotation: ~ / ~ ‘ Lubr. Dosing_
Comments: until plane ~.fl~jr~g_ — — —

DiSC R.P.M. 300 300 300

Process
Type:

B

Step:

Disc/~~~:SiC—paper Total Time: 3Os Pre Main Final
Grain Size: 500 No: Time 10 s 10 s lOs
Lubricant: Water No: Force -- 50 N 150N 100 N
Rotation: ~ / ~ Luhr. Dosing..
Comments: Abras. Dosir,g_ — —

Disc R.P.M. 300 300 300
Procesr Disc /OLth. SiC—paper Total Time: 30 s Pre Main Final
Type:

B

Step:

Grain Size: 1000 No: Time 10 s 10 s 10 ~
Lubricant: Water No: Force 50 N 150 N 100 N
Rotation: ~X± / ~ ~ Lubr. Dosing............
Comments: Abras, Dosing.........

Disc R.P.M. 300 300 300
Process Disc /Ol-,~t1~:SiC—paper Total Time: 60 s Pre Main Final
Type:

B

Step:
.4

Grain Size: 4000 No: Time 10 s 30 s 20 s
Lubricant: Water No: Force 50 N - 1 50N 100 N
Rotation: ~ / ~ ~ Lubr. Dosing........
Comments: Abras. Dosing..........

Disc R.P.M. 300 300 300
Procesr /Cloth: DPMo1 Total Time: 24O~ Pre Main Final
Type:

F

Step:
5

Grain Size: 3 pm No:4 Time 5 s 175 s 60 ~
Lubricant: Blue No: 1 Force 50 N 200w 150 N
Rotation: ~ Lubr. Dosing_ 10 6 6
Comments: Abras. Dosing........... 0 4 4 -

Disc R.P.M. 150 150 150

Process
Type:

G

Step:
6

~i~/Cloth: DP—Mol Total Time: 180 s Pre Main Final
Grain Size: 1 pm No: 5 Time 5 s 115 s 60
Lubricant: Red No: 2 Force 50 N l5O~ 100 N

Rotation: /~‘~ Lubr. Dosing_ 10 6 6

Comments: Abras. Dosing_ 0 4 4

Disc R.P.M. 150 150 150
Process
Type:

H

Step:
7

Q+~/CIoth: OP—Chem Total Time: 60 s Pre Main Final
Grain Size: OP—S No: Time 5 s 35 s 20 ~
Lubricant: — No: Force 50 N 150~~5O w
R~tation: ‘ ~ Lubr. Dosing...............
Comments: Abras. Dosing_

Disc R.P.M. 150 150 150

Process Disc/Cloth: Total Time: s Pre Main Final
Type:

Step:
8

Grain Size: No: Time s
!~ubrjcant: No: Force N N N
Rotation: ~‘ / ~ ~ Lubr. Dosing_
Comments: Abras. Dosing_

Disc R.P.M.

//,Struers Abramatic Process Card



Program Materials:
No: Ceramics, sintered carbides

Hard coatings on hard materials

Process

Type:

C

Step:
1

Disc/Of~ft Diamond Total Time: 60 s Pre Main FinaL
Grain Size: 120 No: Time 5 s 35 s 20 s

Lubricant: Water No: Force 200w 300 N 200N
Rotation: ~tx~ / ~ ~ Lubr. Doslng_ — — —

Comments: Until plane Abras. Dosing_
Disc RPM. 300 300 300

Process
Type:

C

Step:
2

Disc/~~~:Diamond Total Time: 120 s Pre Main Final
Grain Size: 600 No: Time 5 s 85 s 30 s
Lubricant: Water No: Force 200N 300 N 200N
Rotation: ~ / ‘ ~ Lubr. Dosing........ — — —

Comments: Abras. Dosing_
Disc R.P.M. 300 300 300

Process
Type:

U

Step:

3

Disc/~*: Petrodisc—M Total Time: 300 s Pre Main Final
Grain Size: 6 pm No: 3 Time 5 ~ 235 s 60 ~
Lubricant: Blue No: 1 Force 200N 250 N 200N
Rotation: ~ / ~ ~ Lubr. Dosing_ 7 2 2
Comments: Abras. Dosing_ 0 4 4

Disc R.P.M. 150 150 150
Process /Cloth: DP—Plan Total Time: 300 s Pre Main ...fin~L
Type:

E

Step:
4

Grain Size: 6 pm No: 3 Time 5 s 235 s
Lubricant: Blue No: 1 Force 200 w 250 w N
Rotation: ~tX~ / “ ~ Luhr. Dosing_ 7 3 3
Comments: Abras. Dosing_ 0 4 4

Disc R.P.M. 150 150 150
Procesr /Cloth: Pan—W
Type: Grain Size: 3 Pm No: 4

Lubricant: Blue No: 1
F Rotation: ~X~5 ~

Step: Comments:
- 5

Total Time: 300s Pre Main Final
Time 5 s 235 s 60 s
Force 200 N 250 N 150 r~.i
Lubr. Dosing_ 10 3 3
Abras. Dosing_ 0 4 4
Disc R.P.M. 150 150 150

Process
Type:

~
Step:
6

~/Cloth: DP—Dur Total Time: 120s Pre Main Final
Grain Size: 1 1Am No: 5 Time 5 s 55 s 60
Lubricant: Blue No: 1 Force 150 N 200 N 100 w
Rotation: ~ “~~ Lubr. Dosing_ 10 5 4

Comments: Abras. Dosing_ 0 4 3

Disc R.P.M. 150 150 150
Process ~~~/Cloth: OP—Chem Total Time: 60s Pre Main Final
Type:

.,h

Step:
7

Grain Size: OP—U No: Time 5 s 35 s 20 s

Lubricant: No: Force 100 N 150 N 100 N
Rotation: ~ 1 ~X’ Lubr. Dosing.............. .

Comments: Optional. Add OP—U
manually and water only to final.

Abras. Dosing_
Disc R.P.M. 150 150 150

Process
Type:

Step:
8

Disc/Cloth: Total Time: s Pre Main Final
Grain Size: No: Time s
Lubricant: No: Force N N N
Rotation: ~ ~ Lubr. Dosing_
Comments: Abras. Dosing_

Disc R.P.M.

4; Struers Abramatic Process Card



Printed circuit boards
soft electronic components

Program Materials:
No: 6

Process
Type:

A

Step:
1

Disc I~~T?P SIC—paper Total Time: 120 s Pre Main Final
Grain Size: 120 No: Time 5s 95 s 20
Lubricant: Water No: Fprce lOON 200 N 150 N
Rotation: ~~X*-/ ~ ~ Lubr. Dosing_
Comments: Until plane Abras. Dosing_

Disc R.P.M. 300 300 300
Process Disc/~~~: SIC—paper Total Time: 60s Pre ~Maln Final
Type:

B

Step:
2

Grain Size: 1200 No: Time 5s 35 s 20 s
Lubricant: Water No: Force lOON 200 N 100 N
Rotation: ~x*~ / ~ ~ Lubr. Dosing_ — — —

Comments: Abras. Dosing_ — — —

Disc R.P.M. 300 300 300
Process Disc/Cloth: DPMat Total Time: 120 s Pre Main Final
Type:

E

Step:
3

Grain Size: 6 pm No: 3 Time 5 s 75 s 40 s
Lubricant: Blue No: 1 Force 150N 200 N 150 N
Rotation: t~’ / ~ ‘ Lubr. Dosing_ 7 3 2
Comments: Abras. Dosing_ 0 4 4

DjscRP.M. 150 150 150
Process Disc/Cloth: DP—Mol Total Time: 120 $ Pre Main Final
Type:

F

Step:

...4

Grain Size: 3 pm No: 4 Time 5 s - 75 s 40 ~
Lubricant: Red No: 2 Force l5O~ 200 N 100 N
Rotation: ~ / ~ ~ Lubr. Dosing_ 10 6 6
Comments: Abras. Dosing_ 0 4 4

Disc R.P.M. 150 150
Process Disc /Cloth: DP—Nap Total Time: 60 s Pre Main Final
Type:

C

Step:
~5

Grain Size: 1 ~m No: 5 Time 5s 35 s 20 s
Lubricant: Red No: 2 Force lOON 150 N 100 N
Rotation: ~ “~~ Lubr. Dosing_ 10 7 7
Comments: Abras. Dosing_ 0 4 3

DiscJR~P,M. 150 150 150
Process
Type:

H

Step:
..~6

Disc/Cloth: OPChem Total Time: 60 s Pre ~Main Final
Grain Size: OPU No: Time 5 s 35 s 20 s
Lubricant: No: Force 50 N 150 N 50 N
Rotation: ~ ~- / ~~X* Lubr. Dosing_ —

Comments: Optional. Add OP-U
manually and water only to final.

Abras. Dosing_
oisc R.P.M. 150 150 150

Process
Type:

Step:
7

Disc/Cloth: Total Time: s Pre ~Main - Final
Grain Size: No: Time
Lubricant: No: Force N N N
Rotation: ‘~‘ ~ Lubr. Dosing_ •

Comments: Abras. Dosir~g_
DiscJR.P.M.

-

Process
Type:

Step:
8

Disc/Cloth: Total Time: s Pre Main Final
Grain Size: No: Time
Lubricant: No: Force N N N
Rotation: 4’~ ‘~ ~ Lubr. Dosing_
Comments: Abras. Dosing_

Disc R.P.M.

4; Struers Abramatic Process Card



Program Materials:
No:

Process

Type:

Step:
1

Disc/Cloth: Total Time: s Pre Main Final
Grain Size: No: Time s
Lubricant: No: Force N N N
Rotation: ‘4’ 4” / ~4’ ‘4’ Lubr. Dosing_
Comments: Abras. Dosing_

Disc R.P.M.
Process Disc /Cloth: Total Time: s Pre Main Final
Type:

Step:
2

Grain Size: No: Time S

Lubricant: No: Force N N N
Rotation: ‘4’ ~ / ‘~‘ ‘4’ Lubr. Dosing_
Comments: Abras. Dosing_

Disc R.P.M.
Process Disc/Cloth: Total Time: s Pre Main Final
Type:

Step:
3

Grain Size: No: Time 5 5

Lubricant: No: Force N N N
Rotation: 4’ / ~4’~4’ Lubr. Dosing_
Comments: Abras. Dosing_

Disc R.P.M.
Process

Type:

Step:

4

Disc/Cloth: Total Time: s Pre Main Final
Grain Size: No: Time s
Lubricant: No: Force N N N
Rotation: 4”’ / ‘~4’‘4’ Lubr. Dosing_
Comments: Abras. Dosing_

Disc R.P.M.
Process Disc/Cloth: Total Time: s Pre Main Final

Type:

Step:

5

Grain Size: No: Time s s
Lubricant: No: Force N N N
Rotation: ‘4’ 4” / ~4’ ‘4’ Lubr. Dosing_

Comments: Abras. Dosing_

Disc R.P.M.
Process
Type:

Step:
6

Disc/Cloth: Total Time: s Pre Main Final
Grain Size: No: Time S

Lubricant: No: Force N N N
Rotation: 4’ / ‘4’ ‘4’ Lubr. Dosing_
Comments: Abras. Dosing

Disc R.P.M.
Process Disc /010th: Total Time: $ Pre Main Final
Type:

Step:
7

Grain Size: No: Time S
Lubricant: No: Force N N N
Rotation: ~4’ 4’ / “S’ ‘4’ Lubr. Dosing_
Comments: Abras. DoSing_

Disc R.P.M.
Procesr Disc/Cloth: Total Time: s Pre Main Final
Type:

Step:
8

Grain Size: No: Time S

Lubricant: No: Force N N N
Rotation: -~ 4’ / ‘4’ 4’ Lubr. ~

Comments: Abras. Dosing_
Disc R.P.M.

4; Struers Abramatic Process Card



Abramatic
Instruction Manual

Spare Parts/Ersatzteile/Pieces de Rechange

Some of the drawings may contain position numbers not used in
connection with this manual.

Figure/pos. Description Spare Part No.

Electric parts
11.22 Main motor (state voltage and frequency) 376MP001
11.1 Specimen holder motor (state voltage and frequency) 376MP002

Reconditioned specimen holder motor
(state voltage and frequency) 376MP160

4.5 Force regulating motor
Thermo relay, F 1 (state voltage) ..

Thermo relay, F 2 (state voltage) ..

Thermo relay, F 3 (state voltage) ..

Contactor K1, K2, K3, K4, K5
Auxiliary switch block for K5
Fuse, F 4, 0,2 A
Fuse, F 5 (state voltage)
Fuse, F 6, 1,25 A
Transformer, T 1
Transformer, T 2

376MP003
376MP164
376MP165
376MP1 66
376MP110
376MP163
376MP009
376MP01 0
376MP01 1
376MP01 2
376MP013

4.6 Interface circuit board, complete ...

Lamp, white
Lamp, red
Lamp, yellow

376MP01 4
376MP015
376MP01 6
376MP017

7.1 Main switch 376MP018
11.6 Push button, start 376MP019
11.5 Cap for push button, start 376MP020
11.8 Emergency stop push button 381 MP439
11.8 Switch element for emergency stop. 381 MP440
5.8, 6.8 Slotted optical switch (B1-6) 376MP023
4.12 Microswitch (force regulator (S6)) ..

Noise filter
376MP024
376MP109

Excess voltage protection print .... 375MP267

I#Sth’ers 1



(Spare parts)

Abramatic
Instruction Manual

Figure/pos. Description Spare Part No.

11.24
11.25
11.26

11.27

Operating console
Operating console, complete
Membrane (switch board) for
new operating console
Display circuit board, complete
Back up battery
CPUcircuit board, without prom
Connection cable for operating
console/interface board
Abramatic Master
Prom 0-1 V2.11 (2 pcs.)
Key for operating console
Column for operating console
Mounting angle for operating console
Clamp between column and mounting
angle
Grip for clamp (376MP034)

376MP180

R4480050
376MP181
376MP190
376MP182

376MP183

376MP034
376MP035

5.1
5.2
5.1

5.3, 5.6, 5.7
5.5
5.9

4.4

4.1
4.8
4.3

4.13
6.4
4.2
4.2

Pneumatics for dosing
Filter unit (V 1)
Reduction valve (V 1)
Filter insert 1/4 p.m (V 1)
Reduction valve, V 2 (= V 4)
Solenoid valve, V 1-5
Solenoid valve, V 6-7
Quick-release hose fitting
Hose nipple

381 MP189
381 MP435
368MP330
376MP049
376MP050

376MP060
376MP061
376MP062

376MP064
376MP065
376MP112
376MP067
376MP068
376MP1 13
376MP114

14330010
376MP031
376MP032
376MP033

376MP039
376MP040
376MP041
368MP330
376MP043
376MP044
376MP045
376MP046

Pneumatics for up/down movement
Filter unit - SMC, V7
Filter glass for 381MP189
Reduction valve, V 4 (= V 2)
Cap and stem (376MP103) for V 3
Reduction valve, V 3, motor-driven
Double-acting compressed air
cylinder
Ball joint for air cylinder
One way restrictor valve (V 5)
Throttle/one way restrictor valve
Solenoid valveY8
Solenoid valveY9
Quick release valve
Air hose, 0 8 mm, 2 m
Airhose,OSmm,1 m
Safety valve, V9
Fittings for safety valve

2



(Spare parts)

Abramatic
Instruction Manual

Figure/pos. Description Spare Part No.

4.9

4.7

4.10

Force regulating unit
Force regulating unit complete
Coupling for reduction valve
Stem for reduction valve
Gear wheel axle
Coupling for motor
Index disc

Nozzles
Nozzle holder
Suspension nozzle, complete
0-ring
Inner nozzle screw (section 10.5.8 p05.
Outer nozzle (section 10.5.8 pos. 1)
Nozzle body (section 10.5.8 pos. 3)
Hose nipple
Lubricant nozzle
Lubricant nozzle fastener
Lubricant hose nipple
Suspension hose (1 m)
Lubricant hose (1 m)
Thumb-screw

3.1
3.2
3.3
3.4
3.5

12.1
12.2

13.6
13.7
13.5
11.23

Lubricant & suspension bottles
Bottle tray
11 Lubricant bottle with hole cap
Suspension bottle, 300 ml
Cap plate with fittings for 11 bottle
Cap plate with fittings for
250/300 ml bottles
Gasket for 11 bottles
Nylon T-fitting
Nylon angle-fitting
Throttle bushing for suspension
bottle air tube, 4 pcs

Body sheets
Bottle room door
Top sheet
Rear lower sheet
Rear upper sheet
Drip rail, left
Drip rail, right
Nozzle cover plate
Support of black plastic

376MP083
376MP084
375MP027
376MP088

376MP090
376MP091
376MP161
376MP162

394MP060

R3769034
R3769039
R3769054
R3769038

376MP098
376MP099
376MP100
376MP101

13.3
13.1

13.2

13.4

2)

376MP1 08
376MP102
376MP103
376MP104
376MP105
376MP107

376MP048
376MP072
376MP073
376MP074
376MP075
376MP076
376MP077
376MP078
376MP111
376MP079
376MP080
376MP081
376MP082

/#Stniers 3



(Spare parts)

Abramatic
Instruction Manual

Figure/pos. Description Spare Part No.

6.1
11.14

11.16
11.17
11.7
11.29
11.28
11.4

9

9.2
9.3
9.4
9.6
9.8
9.9
9.5

9.7
9.1
9.10
9.11
9.12

260MP116
R4220034
RNF40044
260MP075
260MP1 17
260MP185
260MP168
260MP155
260MP077

PLAID

260MP065
260MP017
260MP197
260MP01 8
260MP066
260MP019
260MP067

260MP068
260MP069
R4590223

260MP183
260MP184
260MP190

Miscellaneous
V-belt pulley for main motor
Bush for V-belt pulley
Driving belt, 2 pcs. SPZ/3V,
1320 mmat 50 Hz
Driving belt, 2 pcs. SPZ/3V,
1500 mmat 60 Hz
Lock-bracket 260MP020
Ball bush, KH 4060
Sealing ring, G 40 x 52 x 5
Seeger ring for stay for piston rod
U 12 x 1.0
Non-return valve with fittings for
Recirculation Cooling Unit
(drawing No. 260-M-655)

Water supply
Tube
Sprinkler pipe
Union nut
Cock
Connection piece
Drain tray
Branch for drain tray, complete
Locking handle
Splash guard
Lid

Bearing Unit
Bearing unit complete, but without
turntable and V-belt pulley
Axial bearing, 511 20/P6
Bearing flange
Roller bearing, upper, 6007
Roller bearing, lower, 6007RS
Seegerring I 62 x 2
Seegerring U 35 x 1.5
V-belt pulley (please state
frequency)
Bush for V-belt pulley
Turntable
Bearing protection ring
V-ring VA 130
Thrust collar, set of 4

11.20
11.21
11.9, 11.10

11.9, 11.10

11.19, 11.11
11.13
11.12
11.15

260MP071

260MP072

260MP073

260MP083

260MP022
260MP024

260MP025

260MP082

4



(Spare parts)

Abramatic
Instruction Manual

Figure/pos. Description Spare PartNo.

10.
10.4
10.7
10.3
10.1
11.2
11.3

Quick-release coupling
Quick-release coupling, complete
Driving pin with spring
Bush with balls
Seeger ring U 48 x 1.75
Seeger ring U 25 x 1.20
Damper coupling, complete
Damper coupling with lower flange

260MP027
260MP028
260MP145
260MP032
260MP033
260MP080
260MP081

Lower flange for Damper coupling R4229024

/#Sbiers 5



Fig. 1

Fig. 2
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Fig. 6

Fig. 7

Fig. 8
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Fig. 13

StruersAbramatic 09.89



(D
~

< co



+8
V

Up
fa

st

U
p

st
ow

D
ow

n
st

ow

.-
+

-
~

(D
c

-1
e

~
i-
h

f~
)
D

ow
n

fa
st

c
ç
~

r-
f

~
A

)
‘.4 C.

’
Q I- 0

0
N

)
> cD C



—
C

,,

(D
~ ‘~

1

~
(-

)

~
‘J

J

Q

F1
-9

6
M

2
4

V
’~

~
7]

Ki
-

K
5

X
61

0 p
M

2
L

V
~ Y

5

X
31

1

X
13

32
X

73
2

R
33

2-
1

~
1~

&
I

A
2

V
3

2
~

’
V3

11

—
)-

—
~

--
c
—

1
6

~
1

G
~

7
F

~

12
U

12
1

R
3

3
2

-2
~

~
3

2
4

I
—

.1

115
I10

0v
I

V
e

e
~

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

—
12

V
X1

31
0

X
70

2
G

30
4

X
40

9

X
13

--
X

7-
’-

G
A

T
E

R
-1

,
-2

G
A

T
E

R
V

--
T

R
IA

X
\

X
3-

-T
O

X
4-

-T
O

K Y

X
13

13
X

71
5

R
33

1-
7/

8
C

3
2

3
R

V
31

O
V

3
2

0
X

3
1

2
‘(2

-
-

31
-

73
1

-
-

5/
6

-3
22

-
30

9
-3

1
9

-
LO

1
-

3
-

-
12

-
71

4
—

—
3/

4
-

32
1

-
30

8
-

31
8

—
40

2
-

4
~

--
1

4
-

71
6

—
33

2-
3!

!.
-3

2
5

-
31

2
—

3
2

2
-3

1
0

-6

-
—

33
-

73
3

-
-

5/
5

-3
2

6
-

31
3

-3
2

3
-

30
9

-
7

--
1

6
-7

2
8

-3
3

0
3

I1
~

-3
1

6
-

30
3

-3
1

3
-4

0
7

-9
-

-
31

.
-

71
1

-
32

9
7/

8
-

31
5

-
30

2
-

31
2

-
LO

B
Y

8
--

1
5

-
71

7
-3

3
2

7
1

8
-3

2
7

-
31

4
-3

2
4

-3
0

8
K

i
-

-
29

-
72

9
—

33
0

5/
6

-
31

8
-

30
5

-
31

5
-

40
5

-
2

-
-

35
-

71
2

-
-

3/
4

-
31

7
-

30
4

-
31

4
-

40
6

-
3

-
-1

1
-

71
3

-
-

7/
8

-
31

9
-

30
6

31
6

-
LU

!.
-

5
X

13
30

X
73

0
R

3
3

1
1/

2
C

32
0

R
V

3
0

7
V

31
7

X
40

3
K

4
-

R
32

9
~

4

~
13

_
_

_
_

~
~

3
C

31
1

R
32

9
3

U3

~
i~

_
_

_
_

_
_

4

O
jJ

33
I6

3~
~.

J
~

3
4

1
X

30
1

C
35

~f
1

~
b

O
O

jiF
/~

O
V

(~
i2

I.
V

~

V
30

8
X

30
3



10
0.

00
10

0.
00

A 20
-2

0

y 20
-1

0

20
-08

1
RO

T.

20
—

04

AB
R.

~
O

—
O

2

rO
li

L
U

~
i1

0
2

-2
0

J

1 06
-2

0

7 08
-2

0
80

-2
0

A 1~
O

-2
O

AB
R.

02
-1

0

2 04
-1

0

8 08
-1

0

RE
T.

B
O

-~
j

“ 40
-1

0

[O
2

_
O

8
~

10
4-

08
1

~
O

8-
O

B
j

~
8O

-O
j

L
0

- 0
J

W
AT

ER

02
-0

4

4 06
—

04

[~
o

[0
8—

06

FR
W

80
—

04

TI
M

E

40
-0

4

0
2

-0
2

5 04
-0

2
0

8
-0

2
80

-0
2

FO
RC

E

40
—

02

DI
SC

.

02
—

01

6 06
—

01
08

—
01

ST
O

P

80
—

01

BO
TT

LE
I

40
—

01

A 10
-2

0

V 10
-

10

~
~

10—
08

R.
P.

M
.

10
-0

4

LU
B.

10
—

02

TE
XT

10
—

01



x
~

.
~

F
’J

N
~

U
)

C
fl

~
C

l
o

~
-‘

~
O

~
P.)

<
C

Q
(1

2 A
~

Jt
(I

)
~

-I

—
—

~
-F

~

N
~

—
.

C-
’

çu
~

~

cD

C
on

tr
ol

V
ol

ta
ge

S
te

u
e

r-
sp

an
nu

ng

C
on

tr
ol

Vo
ta

ge

S
te

u
e

r~
sp

un
nu

ng

bk
b

lo
c
k

~h
w

or
z

bn
br

ow
n

br
au

n
ye

/g
n

ye
U

o
w

/g
re

e
r~

g
e

(b
/g

r~
n

C
on

ne
ct

io
ns

fo
r

S
tr

ue
rs

R
ec

irc
.

P
um

p
3

U
/O

25
kW

A
ns

ch
!u

ss
fü

r
S

tr
ue

rs
Re

z
ir

ku
lo

t
on

sp
ur

n
pe

P
o!

is
hi

n.
g

di
sc

M
ot

or

P
ro

be
nh

al
te

r
M

ot
or

P
ot

ie
rs

ch
ei

be
M

ot
or

F
l

-
F

5
~

S
e

eF
us

e
se

tti
ng

Ta
bl

e
S

eh
e

S
ic

he
ru

ng
st

ab
el

!e



I
I

0

2

~
®

O
O

~
9I

D
is

c
M

ot
or

3O
OR

PM
~

~
D

®
®

0

~

®
®

®
®

®
®

®
O

~
I

__
__

~
T

fl~
T

1I
TT

1~
fl2

fL
uT

fl

~
W

3
W

I.
4

x
1

~

N
oi

se
Fl

U
or

.
C

on
ne

ct
s

fo
~

~
ru

e
~R
::
.

P
um

p.

IL
_

_
_

_
__

__
6

4
ca

)
®

6
4

2
F

l
F2

—
-®

0
0

0
0

®
®

@
O

~
~

d1
~

f!!
~

~
~

‘b
k2

4

b
k
l

M
~

in
~

vo
ttQ

ge

bk
lO

6
4

2
F

3

K
3

S
a

m
p

le
M

ov
er

®
®

O
O

K
1.

O
~s

cM
ot

or
15

0R
PM

Ve
d

22
0V

.
s
a

n
~

te
~So

rt
I

&
10

m
ed

E
~

p
n

O
~

5
6

3

C
on

tro
’

V
ol

ta
ge

T
ro

fo
St

e
ue

rs
pa

nn
un

gs
tr

af
o

__
__

__
__

__
__

__
rd

2
2

,_
t5

O
O

~’
ov

~—
>

~
~

4e
0v

5A

44
0V

12
V

30
0V

-~
22

0V
ov

rd
2

11
S

V
S

A

—
..
i~

:
ov

12
V

)_
rd

2
3

ye
/q

n

K
i

Re
c.

P
um

p,

1<
2

-
~

-
~

S
am

pl
e

M
ov

er
.

—
®

LJ
_

_
_

_
5

AT
F

~
b

rd
73

5
AT

~
22

rd
1

__
__

__
__

__
__

__
__

bk
lO

~
O

.2
A

T
F

~
b

k
~

1

W
5

bk
b’

oc
k

~
oh

w
or

z
re

d
=

ro
t

ye
/g

n
ye

llo
w

/g
~

e
n

g
e

~
b

Ig
~

’G
n

~
.

~
~

/~
g

.
±

A
br

am
at

ic
°
~

°
~

S
TR

U
E

R
S

A
/s

/
./

1Y
~

8
o

~
37

60
29

1
~



o
~

1

~
1 9
~

c
i~

~
•0

~
“1 cL

C-
)

~
Q

.

~
:i

‘-
•J

J
C N

i

N
J

O
V

T
2

20
V

X
21

6
X

60
8

rd
l6

W
5r

d1
6

ov
X

21
5

X
60

9
Dk

2
rd

l5
W

~
rd

1
5

O
V

W
5r

d1
I~

60
7

12
V

X2
:1

3
X

60
6

~
2l

~
rd

2
l

W
Sr

d
rd

20
W

6r
d5

9
5

~
F

5
/

W
6r

d4
rd

4
~

rd
lg

rd
4

jIII~
s!~

\_
1

,/
”/

rd
l8

~
}~

d4
~

/
rd

l7

rd
4

~
F

2/

98

X
30

2
rd

~
U

1<
30

1

XI
.1

2
—

‘5 ~
d3

rd
3O

N
6r

d6
X

41
0

~
-~

—
1M

24
V

—
X

2:
3

A
br

as
,

1
A

br
as

,2
A

br
ci

s.
3

B
ub

b’
es

P
re

ss
.

Lu
b.

2
Lu

b.
1

B
ot

tL
e

3
B

ot
tle

4
B

ot
tle

5
B

ot
t.

1,
2

B
ol

l.
2

B
ot

t.
1

F
8

L
II

22
0V

b
kl

l

X
1L

1
~

_,
__

bk
l

M
o

~
n

~-
V

ol
to

ge

bk
lO

X
1L

2
)—

~
-

El
13

S
4 1.4

X
2

~
4

/.1
5V

38
0V

____
____

_2
20

V

11
SV

D
v

Y
4 I rd
34

I
Y

l J rd
3l X
31

1

V
32

1

rd
~

rd
23

~
M

1
2

V
~

rd
22 I~

-L
~

i

Y
5 Il rd
3S

C

Y2

L
I rd

32 X
31

2

V
32

0

‘(6 rd
3

~

X
50

4

y3 J d3
3

x4
01

V
31

9

X
40

2
X

40
9

X
31

0

V
31

8
V3

11
V

32
2

rd
37 X
30

9

V
32

3

T
i

X
50

1

rd
22 H
i w

hi
te

rd
l

rd
~

7

rd
1

md
4

rd
4

~
X

50
6

H
3 re

d
C

rd
30

A2
K

i
A2

K
2

A2
K

3
A2

K
4

A?
K

5
‘(
9

Y
B

E
~

J
U

[‘1
[1

[l
~

[I
J

E
J

1
A

l
A

t
A

l
A

l

W
S

W
5

W
5

W
5

w
5

rd
6

rd
7

rd
ø

rd
9

rd
~

O
rd

29
rd

2
~

X
26

X2
7

X
28

X
29

X2
-1

O
X

40
7

XL
.0

8

X
30

8
X

40
5

~
X

4O
6

XL
O

3
X

L.
O

j~

V3
24

V3
15

I~
31

4
V3

17
V3

16
,j.

~v
3i

3
V3

12

X
2

1

[P
ow

er
I

E
m

er
ge

nc
y

S
to

p 1
Ird1

rd
l

Q

x~
oi

R
e

ci
rc

,
-.

-.
-+

.-
15

0
r.p

m
.

30
0

r.p
.m

.
S

a
m

p
le

P
um

p
M

o
to

r
S

am
pL

e
M

ov
er

M
o

to
r

P
o

lis
h

in
g

D
is

c.
M

o
to

r
M

ov
er

A
ll

w
lr
~

n
g

s1
0



/

!; ~

~4’~t ~
0

E! -~
C

LI 2+
QOJVW 0 ~

C~)‘4 ~ 0 W
In E E ~ ~ ~>- ~

~ ~ 2 ~
> ‘~O i~?? ?? ?

E >
~

~‘ 0, •~~‘—c~ ~‘~1)~ ~
—- ~ ~ Er 000 ~Q~0

> > > 0 ~ .~ ~ .~ ~ o c 0 m c’, ~n (N
~ ~J.~J<< <cX2Q LI) cfl~~ ~

01 X ~

_~O(DOOOO000 000000000000

—.——.——.-j

•‘~0
oE~ ~

o~o C —
Www a~’~

-J—~—~~, ‘~‘-~! ~

w w~,
~

m~~
w 2?? ~‘

~ ~ ~

Q-Q~u~

StruersAbramatic 3760293 09.89
Wiring diagram

‘ ~ x u6 ‘\
0~

(J)c~

U,-

C>

w

=

0
0~

~

c..J

u~X

V
1

V

)

F

0
U,
>~U

Eo —
~-~-
~ Dz Z~D~
00 0(~~OOOcD~

9M

—. —

~

~

~fl44W~
~iJ~ ~J?

_______________________________________

flTI~r”r~ ~ ~‘•~ ~ RD r’- ~) N C’I (‘~—.~U) 1(0 IN ~ IO~0— kN I
I~,I I I I I I ~ I I I 1 1r~]~J~i~it~I___I.1 I I I I
[xl I I I I I I !XJLXJ i_I j.J,~jIx! _____________________________________ _________ ________ I III~Ii,I>~I

0 d
1~

I



B
1

~
l

\~
—

~
=

~

TU
R

SC
HA

LT
ER

C
80

1
O

~i
1

DR
UC

1<
LO

F
T

FU
R

FL
AS

C
H

EN
30

Y
5

[7
]

D
li

8
C

H
B

LA
S

E
N

30

Y
4

EZ
J

PO
LI

ER
M

IT
TE

L
FL

AS
C

H
E

5
AB

R
A

3
30

Y
3

~
7,

1
P

O
LI

E
R

M
IT

T
E

L
F

LA
S

C
H

E
1.

AB
RA

.
2

30
Y

2
~

32

PO
LI

ER
M

IT
TE

L
F

AS
CH

E
3

AB
RA

.
1

30
~

i
~

31

S
C

H
M

iE
R

M
~T

TE
L1

FL
AS

C
H

E
1

30
~

7
czJ

30
Y

6
EZ

J
36

SC
H

M
!E

R
M

IT
TE

L
2

FL
A

S
C

H
E

2
30

Io
,~

1
Q

O I
O

I~
1

S
T

E
LL

U
N

G
O

B
E

N
S

T
E

LL
U

N
G

U
N

T
E

N

EI
N

O
24

V
-~

T
i

EI
N

M
24

V
’

T
i

EI
N

M
1

2
V

~
T

i
AU

S
1

2
V

~
l•

16
V

E
~

ER
DE

AU
S

M
OT

OR
M

I.
DR

UC
KR

EG
LE

R
AU

S
-‘

AU
S

U
M

LA
U

F
KU

H
LP

U
M

PE
AN

A)
JS

SC
H

M
IE

R
M

IT
TE

L
FL

AS
C

H
E

I
AU

S
-

-
-

-
2

AU
S

PO
U

ER
M

IT
TE

L
1

FL
AS

C
H

E
3

AU
S

-
-

2
-
-
-

4

AU
S

-“
-

3
-

5
AU

S
D

U
R

C
H

BL
AS

EN
AU

S
PO

LI
ER

SC
H

EI
BE

M
O

TO
R

15
0

o
.p

.m
.

AU
S

-
•.

-
-

“
-

30
0

-

AU
S

PR
O

BE
HA

LT
ER

M
OT

OR
-+

—
*

AU
S

AU
S

--
--

I
AU

S
-

--
-

--

AU
S

FL
AS

CH
E

D
R

U
C

KL
U

FT
AN

AU
S

<‘
30

1
2

4
V

’~
ZU

Y
i-
Y

7

AU
S

K
~O

1
2

4
V

~Z
U

Y
8-

Y
9

AU
S

K
3

0
1

2
4

V
~

ZU
.E

M
ER

I3
EN

CY
ST

OP

AU
S

K
30

V
24

V
’~

ZU
H

i
M

AI
NS

O
N’

AU
S

K3
01

2
4

V
~

’E
,~

.
M

2b
V

-~
AU

S
K

~
l

2
4

V
~E

~
.

EI
N

NO
T

ST
OP

E!
N

TI
JR

SC
HA

LT
ER

AU
S

ST
RO

M
ZU

LE
D

TU
R

SC
HA

LT
ER

AU
S

ST
RO

M
Zt

J
LE

D.
PR

O
BE

HA
LT

ER
P0

5.

AU
S

ST
RO

M
ZU

LE
O

.
O

RU
C~

cR
EG

LE
R

EI
N

DR
UC

KR
EG

LE
R

SI
GN

.
1

EI
N

-
..

-
-‘
-

2
EI

N
-

--
R

E
F

.
S

T
E

L
L

L
JN

G

EI
N

PR
O

BE
NH

AL
TE

R
ST

EL
LU

NG
OS

EN
E

~N
-

-
-

-
..

—
UN

TE
N

ER
D

E

LC
D

12
V

-~
-~

LC
D

12
V

’
-1

2

CP
U

20
V—

CP
U

20
V

’-

ER
DE

EI
N

ZW
EI

HA
ND

ST
AR

T
I

E!
N

-.
--

--
—

.-
2

LP
ow

er
I

E
rm

er
ge

oc
y

S
to

p
or

O
ve

rt
oa

d

,1
~

W
E

IS
S

~
R

O
T

W
6

./
~

/g
n

SC
HU

TZ
BO

X

__
__

__
_

~
B

4
DR

UC
KR

EG
LE

R
~

N
2~

J]
J

,u
O

_
_

_
_

_
_

_
_

:x~
o1

obk bk
—

bn

3
C1

00
2

C
lO

o
l

~.
41

~
1.2

___
___

___
__

~
_

_
_

_

:O
~k

_
_

_

-~
-

‘p I- r p r

IRE
F

n
I

ye
lg

n
B

6
gn

~
“N

bk
or

_
7

’~
”~

I
~

~

gn
b

)o
1

O
O

9
j~

iO
~

J\
N

~
j

O
~

e
I

S
6

_
_

-

x3
0

~W
53

—

~W
52

—

E
~

T
~

.3
2 ~ 34

—

w
sg

—
-

-
W

5
1

0

~W
57

—

,.
W

5
8 2
g

.
_

.;

-
28

—

35
—

~
o

g
o

.,
_

1
,

~W
6

6
x
l

22
x
~

0

41
—

52 51
—

.5
3

—

65

~-
45

~ 42
x
O

44
—

62
—

61
—

63
—

W
5

1
3

W
5

1
4

—

~
,_

W
5

16
—

~

W
5

15
—

~

W
6

1

W
6

2

‘~
W

6
3

x6
12

~
.

~
:t

Q
~

p
)

~1 -
~

.-
+

-*
)-

_
•

0 0
0

ER
D

E

(

ER
DE

cz
~

Y
8

29
Y

9
GE

GE
ND

RU
CK

3
°L

2
1 y
e

/9
~

ch
os

s,
s

W
6

~2
2O

O
2~

S
T

A
R

T
1

S
T

A
R

T
2

ZW
EI

HA
ND

ST
AR

T
N

O
T

ST
OP

‘-
‘,

S
’.
~

.S
’~

’
S

N
’

\.
X

[~
~~~

J~
I~16I~

8
~

Iio
I

I13
I14

I15
~16

I~ji
X2

SC
HU

T
ZB

O
X



F6
x2

:3
x3

02

L3
01

C
3

4
0

= 10
00

pF
I4

O
V

+
35

V

~
33

O ov

—
—

5A
T

M
2

4
V

~

x3
04

1x
2:

2
x3

03
-i
s
.

M
12

V
~

F
7

x2
:1

~3
O

1

K3
01 +

16
V

-
~

- L3
02

C3
29

22
00

pF
I2

5V

+5
v

~
5V

j~ 33
8

22
00

pF
/

25
V

V3
09

1N
40

07

G
30

2

I
~

8V
h—

i

R
34

7
18

0R

C
3

4
2

O
p3

31
I

3
3

~
F

I
63

V
2

0
0

8
2

f0

63
03

78
05

2

~
~

35
1

op
1,

10
0v

~~
35

3

p331

53
V

T
i

x7
01

C
3

2
B

22
O

~i
FI1

6V

C
3

3
3

1O
O

~i
FI

16
V

02
4V

— M
12

V
’

SA
T

ye
,~

n

X
60

6

~ 1C
33

1

~
34

5
U

pl
/6

3V

Q
r*

(D
(D

~1
-‘

~
0cr

~1

I

LI
I

47
O

~i
Fl

25
V

C
-

V3
10

iN
40

07

C
3

3
9

67
O

~j
Fl

25
V

X
6

0
7

O
24

V
~

—
C

73
4

•~
_

~
0

—
C

73
7

i~
R

T
3

O
1

L
1

1
3

5
0

0
R

33
pF

i
b

y
C3

43
34

6
—

2
~

:I
2

sv
2

75
0R

-8
V

63
01

X
60

8

~
34

8
Tp

FI
3S

V

J
~

~
~

x~
18

C
33

1,

lO
O

uF
/1

6V

C
x7

50

-
8V

X6
09



R
30

2
•S

V
R

30
4

~
R

3
1

5
R

30
5

rd
4

2

fl
c
v
~

R
31

/.
~

X
7

0
3

or
rd

44
~

L
~

D
30

2
_

_
_

_
_

_
_

_
5

—
X

10
02

X6
01

R
30

1
1

~
~

12
P

re
ss

Re
g

S
ig

n
1

—
X1

00
3

X5
12

X
1O

O
~

X6
02

R
30

3
R

30
5

xo

M
2

4
V

’~
___

___
___

__
X

50
3

x
~

iO

x
~

11

~
rd

22
5O

~
X

1.1
2

I
H

i

•
~

02
4V

X
7

0
4

X
1

3
0

7 P
re

ss
.

Re
g

S
ig

n
2

•
16

V R
31

6

xs
11

X1
00

5

rd
—

c1
oo

~
C

10
02

C
10

03

o
~

1
-~

C
3

0
3

C
30

’.
C

30
5

tO
nF

/~
O

V
X1

00
6

h
n

rd
45 bk

B
4

R
eg

S
~

Q
r~

1

85
bk

R
eg

Si
gn

2

B
6

bk
R

ef
f.

P
as

s.

B
2

H
ig

h
Pa

ss
.

B
3

Lo
w

Po
ss

.

x1
00

1
50

5

1.
09

3
71

.0
6

C
31

0
~

,2
nF

X
70

5
X

13
08

_
)_

~
_

./
\,
_

_
(

P
re

ss
.

R
eg

,
R

ef
f

P
os

s.

M
ov

er
H

ig
h

81

X7
07

X
i3

03
S

a
m

p
’e

M
ov

er
Lo

w

V
30

6
iN

40
07

S
ta

nd
-by

Ke
y

X
7

~
L

X
7/

.5

C
31

3
lO

O
p

/1
6V

Tw
o

H
an

d
S

ta
rt

5v

L 307
.j
~

.3
O

8
jj
3

3
2

[O
P

1
1_o

I~1
~

G
nd

I

S
tr

u
e

rs
A

b
ra

m
a

ti
c

37
60

29
4A

O
~.

9O
In

te
rf

a
c
e

in
p

u
t



P
R

IN
T

-T
E

G
N

JS
T

R
U

O
2

8
3

i0
0

5

N

S
IL

K
S

C
R

E
E

t’4



Co,,i en~.t. - 12V
(Or irtac output

Sign p~n~p~n

Sign. tub. on

S.gn lob 2 on

Sign. obros. I On

Sign. obras. 2 on

Sign. ab~o~.3 00

Sign. b~bbt,s on

.S~gn.~SO HP.M.
disc, on
Sign. 300 RPM.
disc, On
Sign, motor *.. on

Sign, motor * * on

Sign working pre~.

Sign, back press.

Corn. colt. •SV
for npi~t

Ov

Press. reg stgn. I

r~tt. 90$.

In press reg. sIgn. 1

2

~ po~.
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0
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I-’-. U
r~’\ ‘~
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~

V’icU

Sign. sample mover
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kCy
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0734
—
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X735
—
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—

. X~O8

X737 X609

In 12V-~ 12

OV” 12

2OV-~12

- OV~ T2
X610

X611__________________~\ tS\ IWO hand ~tort
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Press leg. Stow down
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for press, rag.
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in M2LV~ Ti
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Out motor P4~
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out motor P4~
press. reg
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obros “ 3
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Out pOl~sh disc, motor
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yg Out working press.

YB Out bock press.
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Mounting of non-returnvalve
Recirculatingof cooling unit
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Abramatic
Instruction Manual

Pictograms!
Piktogramme/
Pictog rammes

:: Lubricant’

Lubrikant!
Lubrifiant

Abrasive!
Suspension!
Suspension

Water!
Wasser!
Eau

1) Disc 150 rpm!
Scheibe 150 U!m/
Disque 150 t’m

•1 to •10 Program!
Programm!
Programme

= Transfer of program!
Programm kopieren!
Transfer de programme

Delete program!
Programm lOschen!
Effacement de programme

© Stop!
Stopp!
Arrèt

7 Step bacl~’
Stufe wiederholen!
Repetition d’étape

~ Step forward!
Stufe auslassen!
Omission d’étape

Time!
Zeit/
Temps

(F) Force!
Kraft!
Pression

•Select water!
Wasser wahlen!
Selection d’eau

°~3Counter rotation!
Entgegensetzte Richtung!
Contre-rotation

• Text!
Text!
Texte

I#Stn’ers
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