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POLISHING IN MOLD

MAKING

THE SURFACE AS A MIRROR OF TIME

But what do they look like, the modern, future-oriented surfaces?
desthatic, high-guality, robust, sasy-care, with top-finish? The
requiremants to the parfect outer skin are varied. Likewise tha
fields of application,

The palishing abilicy of steel far cerein spplication flelds is of high
importance. Espegially in the plastics processing [ndustry very high
eupectations are often placed on the surfaces of the tools,

The highest surface guality of the tools offers many advantages:
# Highest guality surfaces of plastic parts
# Good release properties (easy ejection | of plastic parts o
Impraved aptical properties (e g for glasses, lepoey, flar sereans,
hesdlights n the auiamative ndustry)

nghl'!- polished surfaces alyo offer 'I:l'l:|'|I!|l|:||'|:IE||:-| achvantapes:

o mproved corrosion resktance
Palished surfaces tend to have much smaller comosive attack
than grownd surfaces

o fmproved security against breaks or cracks

A palished suface has a higher endurance strength and has
leamer natch effecs than ground surfaces. This results in &m
inerensed taal lifs,
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B 1 3 2 ME R 2 W 1
REQUIREMENTS FOR STEELS REGARDING
GOOD POLISHABILITY

Important parameters for the polishability ot steel: are the level
af purity, the homogensity of the mictostructure and the size or
respectively the distribution of carbides and other hard
constituents in the stesl matrix. Especially inhomogeneities can
cause significant problemns in polshing.

The homogeneity and purity of steel is significanty influenced by
the manufacturing pracess, Primarlly the melting technology as
the first step of the praductien s erucial,

With open melting, oxide inclusions, with larger blocks, cannot be
cormpletely ruled aut But not anly the slee and quanstity of
inclusion are impartant for the polishing result, but above all the
mype af inclusion, which depends on the deoxidaton precess in
steslmaking. Disedvantageous sre larger, hard and brittle oaldes,
s they are palished out” during the polishing process and thus
pores can be lefi behind.
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A rapdern steelwarks technolagy with corresponding secondary
resllurgy redwces the oxygen comtent and thus the oxide
cantent inthe steel 5o far that oitical inclusion sizes an be
minirmized. Block formats adapted to the final dimensions and a
heat treatment appropriate 1o the materlal reduce segregat ons,
and therefore compensate the differences in hardpess, 3o that
hemageneity differences hardly influence the polishing result,

In primcple, the segragation state and thus the bomogenelty of
the steel can be improved by remelting processes swch as
wacuumn ar remelting [VAR] or electroslag remelting |[ESR
PESR). At the same tirme, non-roetalllc meluskans e minimiped
in these processes. The best level of purity is achieved by melting
in the vacuum induction furmace (VM| ar rermelting under
wacuum AR
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R ENXEZAE
INFLUENCING FACTORS
ON POLISHABILITY

A mE STEEL QUALITY

B ESEHT RS u The melting process is decisive for the purity of steel
w B4 D T E T R S W a0 = Inclusions in steel, meostly sulphidic, can be harder than the surrounding material and

thus lead te elitriation
Tfﬂg;&?g?ﬁf:ﬁﬁ  BEE w (ftoen, inelusions ane several micrans in size and have elangated shapes

£ pafaR
ALLOYING COMPONENTS

SE&HE/M
o Form hardmess differences in the wruciure
o FEHESD ErEIEE =R n Legd o elutnatan
w WEEHETISE o i eryetal farm lead te breakounz of the surface
» i EEREEHR

Surface comparison  FE ELCHE

How the elloying design influences the
polishebility shows the following
i e

I the case af creel 1.2316, the kard
carhide phases embeddod inthe soft

delta farrite 20ns gus 8 mars [roegular Efﬁlﬂiﬁ
polihing result. In return, BOHLER 2ne
W303 EXTRA offers a uniform palishing 1.2316 :;:w hard
patiern and thus a clear advantage
companad to tha standard, W
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MAMUFACTURING PROCESSES

Remealted st=els
e the falwing sduantages somparad to canvantionally
produced sasls;
w Unifarm primary strucure and estensive abserce from block
segregation and internal debects due to solidification
# Low crystal segregations and thus more uniform microscopic
microstruchure
# Heduced gquentity and sire as well as better distnbutien of
non-metallic inclusions (better level of purity)

Powrdsr metallurgically praduted steels

are mastly high-alley tosl steels and have satraple prapertied as well
au @ Fine structure. The earkides are hormageneausly distributed in the
slee of & few migrans in the matris, which has a positive effect on the
polishability
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Purity depending on the melting process HEEFT AN
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HEAT TREATMENT

For best polishing properties the heat treatment should be performad very
carefully and preferably In vacuurm ar protected gas furnaces. Due o
carburlzation or decarburization effects in course of the heat treatment
uneven hardness at the tool surfacs and so worse polishing bebavier can
arise. Either precipltations at the grain beundares or grain growth due to
unfavorable austenitizing temperatures, holding times &s well as slow coaling
rates can influence the polishability negatively.

ERODE

Eroded surlaces should be gven spedal attention during polishing, The
er05ion process causes 3 structural change on the surface. It can lead to an
ancichrment of the stesl surface with carboan, which in turm leads o the
tormation of carbides, Furthermare, the rapid local solidification leads to a
wery brittle martensite. This so generated carbides increase the rlsk of
pinhaling, breakouts and orange pesl. For a good mirror finish polish, the
mraterial must be rermoved ta below the erading skin,
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3 QUALITY LEVELS
3 TECHNOLOGIES

BASIC BE:R

Conventlonal praduction

Praducts made using the eleciric arc procsss are designated

as carwentionally melted materials and are the “batic ma
terials” for ordinary loading. with the following primary
properties:

# Banded carbide distribution

i Sufficianl cleandiness
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PREMIUM {BE S

ESH / PESR or VAR Manufacture

Products with improved properties can e prodisced using

the ESR /Y PESE or VAR method. Using remelted materials

leads to longer tool life dues too

o High level of cleanliness

® Low segregation

o Lprger bar dimensions can be produced with the same
carbide distribution

a Liniform dimensional changes

i |miproved toughness
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SUPERIOR 3B

Powder metallurgical production

Materials produced using powder metallurgy are increasingly
being used to meet the most stringent reguirements with
various processing methods, These materizls offer properties

that meet demanding reguirements:

n Mo segregation

u Extremely fine carbice distribution

# Homopeneous propertbes

u High wear resistance o Very good dirmenskonal stabdlity
u High compressive strength o High toughness with high hardness
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POLISHING
TECHNOLOGY
IS DECISIVE

TYPES OF POLISHING 3 py R Ry
The mequirerments far the surfsce of a warkploce arhe fram the F BRI A Wi i T el Rt E A+
irgended applicaton areas, 1t is roughly divided inte £ gualities; E « REETLI AL 4 W54
Stroke polish TR
» Simple surfages - finishing mastly with abrasive claths, pelishing s MEXE- AT - xSl TETEE
bench stones or files o FEE WA R o AR A AR
# Used to facilitate demoulding of maolded or die cast parts FEARFOENES - AOSEHAE
u Applying with nan-vlaible surfaces, o g inside of & houting o (ERE{L RIE S A
w As @ preparation for nitrating and graining v R TRASRMET 320400 2=
# Tools used have a grain size between 320 - 400
TN
Gloss polish o BRI TIREDA T R
# Smaller processing marks are often still visible o FEAOMESLE
# Surfaces and recesses are sheny « BRTIRES BERRLESA - ANFER
o Especially for visible parts, which should be visually an -« SEEE
appealing (househald itens, transparent parts..} n¥rmaEmEE (RIS
n Clean shiny surface, contraltable with the eye o MR EHERAMEEETER 1 = Apm
i+ Final palish with felt and dismond pastos bebween
3 - 6 pm achisvable R
RSO RAGEESEE ( mREREERL)
Mirror finish W BRAEREED
# Mo visible seratehes or conds (ersek-fres mirear linsh)
i Especizlly used when products are chrome-plated ETRES WER L
o ¥ 3 0 B I ) R R R
Dimansionally sccurats and form-tros mirror finish BT EEGMELEES  REEHTREERRES
# Highest demands on the surface —H . AIMEER - SEmEEFEE

& I e gion to the crack-free high glews alus the
adhemenon with the magrestresiung s reguired, Lo,
flatmess; sharp edges and angulanty

POLISHINGINMOLDMAKING m‘" _ﬂ-’# .3 '-t i



mRTREMA TR RS

INFLUEMNCE OF CARRIER MATERIAL / POLISHING TOOL

The hardre of the earier material and the gize of the paliching grain
ean be decisive for the raughness depth of the surface to be processed
Thi greater the penetration depth into the polishing tool at same grain
size, the lower the penetration depth into the warkpiece surface or the
curtting performance of the polshing agent The adhesion af the grains
it the palish carrer 15 cruelal for the polishing result. IF the grans
adhere firmly to the palishing agent carder, the cutting process s
favored and roffing of the polishing agent on the workpieos surface is
avaldad. The stickiness of the grains can in turn be influenced by the
processing pressure or the fiquid used,

Tood steel

Incroasing cutting performance

TR R

Regubremearts for 4 sucosssful polishing s

» Proper rough grinding and finishing

» Solection of suitable polishing tools and polishing pastes
w# fspadance of averpaliching

w feedanee af high contast presiuras

w Caraful eare snd cleaning of the polishing toals

# Cloanliness (best eleanraam-like condiviens]
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POLISHING PROCEDURE

Due to the mutual influence of the many influencing factors, it is not
possible to draw up gereral guldalines for the creation of a palshed
surface. The selection of the individual wark steps and the respective
polishing agents and togls is primarily determined by experiments and
experences. The following polishing gulde represénts a common
segquence of pperatians from machining to pofishing,

Depending on the guality and processing ot the starting surface
(eraded, miled o grownd|, anabasive wheel with & grain sizs of 320,
200 @r @00 iz chosen to completely remove the traces of prefabrication,
An aptimized polshing result is schieved by sandbisting sfer the
finishing, wheraby the surface s compacted,

MERIEFRF:

HEUAEREEFFEENTIEY  BlfEZET —EHELX
BEFNaEED  F1FLEERMEARHN L ENTRAGE
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EETNER ( WEINT - E=ERE | PEERNT - S8
#idm 320 - 400 X 600 ZHRER S ERELTRE - Zad
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Fine grotnd S

The palishing process follows in several sreps. Startng with &
harder carrier such a5 hardweood, brass or plastic with 3 paste of
about 15 microns (mughly corresponds to an abmsive grain of
1000 = 12000 Al traces frem the previeus step should be
removed, Subseguently, the handness of the camier / tool &
raalntained but the grain of the paste is reduced e.g. 9 pm. After
this step, the carrier can be changed to a sofier medium such s
.g. falt or sofrwood, This schemeis repeated unfil finally the grain
size 1 = 3 microns with felt or a flocced cloth is used

WA RERA_ERE T MER - 5l SR e (R
EER T )M - REACAY 15 SRR R 1000-
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CLASSIFICATION

il ¢ EiR Ped 22

OF POLISH DEFECTS 9 %8

Thicontant ,Clasilication of polbhing delens™ Ras budn provitad by coutesy of T
Fraimdia | et S Prosaton Rohadogy 9T

Souron PROCESSSTRATEGIES FOA DEFECTFREE POLISHEDSTEEL SUSFACES, popet 9—15,
Fraunkoler |rabats for Profason Rcheology 97

AR OE T EF Fraishafer Irsthur e for Preschect o
Technakagy IPT HHEE

i % euDCESSSTRATEGIES FOR DEFECTERER POLISSED STEEL SLERACES,
paapas 8 — 15, Fra shelan intinam for Predudion Rahinolsgy PT

Orange Peal EE Pitting T5E8

LAMIMARY DEFECTS | At EREE

Scratches

Nor-directional lat recesses mostly caused by the cutting edpes
af the poliching particles ar Soreign particles |depth = roughmess
R).

Tijaa

# Depending on the reguireamaents of the surface fine scratches
AN paTsIst

# Pay attention to the cleanliness of the environment, that no
forelgn particles cause scratches

# Final paishing with small abrastve particles
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Orange peel
Firne valleys and hills give the appearance of an orange pesl

Exeessive pressure or oo long polishing time can cause such &
dafect,

Thps
s Wiark with low pressures
# Da not palsh oo long |+ overpalish «)
B
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Mist

Less shiny surfaces, Mist may result from deposits of the polish,
Tips

# Uag pH-meutral polishes that do not esuse b ehamieal
reaction

# Work with low pressures to prevent the polishing  grains
fram being pushed in

wE
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Pitting

Surface pltting means many omall hales that sre spresd ouwer the
antira surface

Tips

i Meap presgine oonstant
# Shart polishing seeps, cleaning in between and good dry 1o
avoid corngsion

2
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Reliaf

Differences in the removal of individual phases due to different
matarial phasas (hard [ soft).

Tips

n Babore polishing, make sure that the material structure is as
hamoganeous as passible in order to kesp the different material
phases low

» When polishing, choose a tool that is as hard a5 possible, so
that the material phases are removed  evenly despite different
hardnesses
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Edge radiusing

Undosired material removal on werkpless edges,

Tigs

# Uge sultable polishing teal: hard polihing cloth with
lonw Impact resillence

b Reduce pressere

B
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K
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Ripple

According to BIN EN 15008785, the ripple is & devistion of the
actual geemetry in the millimeter to cantimeter range, It malnky
eeeurs durlng rmanual pelishing,

Tig

# Homagen cous pressure distribution during the polishing
procass o achiova a uniferm removal
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CLASSIFICATION HYEtRPE 2
OF POLISH DEFECTS %A

LOCAL DEFECTS [SERIE §E

Cracks

ey deap scratches, sharp edges, mastly dse to Mgh material
ireEss

Tig

o fypdance during the polshing process is not possible, becauss
it Is more a matersal erron, For this reason, the  workplece showld
ba exarnined in advance for imdsible cracks / materlal defects,

BiE
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Holes / Breakouts

Uneyenly shaped holes. They are formed where non-metallic
inchasions and carbides are present in the microstructure,

Tips

» Work with low pressures 1o svaid tearing

# Use the most homogeneous steel structure as possible in
advance, [f the surface guality requirements are very high |purity
bead)

# Use a paples palishing cloth; as thes pramates tearing aut of
carbides and inclusiong

n Leng pressures slready during pre-grinding and fine grinding
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Scoring

Deep, directional tracks [depth == roughness Bt} They arkse
when the processing traces of the previcus step [usually the pre-
processing| were mot carmpletsly aliminated.

Tia
w Ahways remoye pre-processng marks thoroughly

&
FEBLERREIR(FE - HEE RY) - L {E%ET
TifEEREE B 2R s

L
» HEERENMTIEE

Feak

Unaven elevations, These are either workpiece materal that has
baen unevenly remowed durirg the polishing process, or peldishing
particles that have pressed into the surface during the polishing
proGesE

Tips

# Homogenaaus pressure dsiributlon

= Ulse high wiscosty palish

e
%Egﬂﬁzm - BORERIN T AT - R AT
F

Wi
w T iEsk i —3
» B SRR M

Comet tails

Inclusions that hawe a “tal™ and therefore the appearance of a
comel.
Tips

# In the metallographic sample preparstion, it should not be
possible to palish in synchionam when camets appear

# When polishing manually, & higher spead can prevent cormet
ferrmation

HER
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Impurities

A hele filled with foreign macerial (dit particles o material
removal products),

Tips

# Working clean

H {thik it
FURTHER DEFECTS

Corrosion

Reaction of machined workpieces with substances from the
emvironment. Corrosion often results from poor drying after
daaning.

5
o Claan and dry samples immediately after processing
v Store samples dry

i %
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Burm mark

Fire pattern on the workpieos surface. Caused by too mach heat
during the polishing process and often causes damage to the
surface structure {microcracks),

Tip
o Lise sufficiant coslont f lubricant during the prociss

R |
I#EEFRSER - EilEEraRERMGIE - S
MEEES® B )

i
» FEEEP WA E s 8 e

Discoloration

Ares that sppears differently (in most cases dull) ve the aetial
surface. Topegraphically, there is uswally fo difference.

Tips

o Lse peutral paliskes o aveid damage 1o the surface

» For soft materal, work with low pressures to prevent

palishing grains from settling in the surfoce

2
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w Use low pressures to prevent the particles from getting into the hole
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For post-processing of BOHLER
tool steels joke recommends:

ENESKAmicre from joke - the new generation of grinding, polishing, milling and deburring.

On-off-switch directly
at the motor

tool holder & motor highest
produceroverall clamping
compatible !un:e_
worldwide
refined 30 % more
tool holder powaer
highest
concentricity
20 % higher
i endrotary
speed

in accordance
to IP 54

extremly
silent

100 %
Made in GERMANY

L]

Interest? We advise you gladly:

joke Technology GmbH
Asselborner Wen 14-16 » D-51429 Bergisch Gladbach
Tel. +49{0) 2204/ 839-0+ Fax +49(0)2204/8 33-60

Mail info@joke.de » Web www joke-1echnology.de
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ASSESSMENT OF

POLISHABILITY

The surface quality of farming parts of compression o injection malds 15 aften defined
by indications such as polished” ar ;mirror polished”, without these terms baing defined
in stamdards by reasurable variables. Although a good repraducibility can be achieved
by specifiing the processing steps réguired for & cerain surface quality, however, no
guarantes of the predefined polishing quality can be given by the before mentioned
influsness,

The visual mprassion of a smaath, shiry surface & compaosed of 5 vanety of optical and
physiological effects. s & resulr the correlation of the visual impression with
quantitatively measurable varables |5 difficult, Therefore, the subjective assessmant of
the surface firish by experts is widespread.
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=245k FE 2 3l S tE
POLISHING OF
BOHLER GRADES

The fellowing assessment of polishability was conducted with experienced polish specalists at joke-
Technologies. The assessment is based on the basic switabdity of the material for mirrar polishing and
the time required for pofishing

The assesarrant rafers to small reund dimensions (50-80 mm | and pelishing transverse ta tha grain
direction and roprosents a principal comparison of the polishability of the grades. In actual work-picces,
deviatians fram the palishability due 1o the dimenzian, the remeval position and the structural
eaharancy bapween the fiber direction and surface of the warkplece ba be paliched may aceur, In
additian, tha polishability depends on the type of polishing process and the saquence of polishing steps
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Wear-resitant, non- Hot work tool stesls Hardenabls, corrasion
cofrosion resistant ateels resistont steels
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Thiz cemparative assessmant of polishability takes place within material groups.,
A comparisan of the evaluation of grades of different groups does not make sense.
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=30 %
The lollwng comparison illustrates exemplarily the time effort L LESS TIME
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