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Summary

The aim of this work is to test and select appumdpritypes of tool steel
for the production of mould inserts for plastic fong. The contribution is
focused on the adhesive wear of mould inserts forefbrming PA6 plastics.
The wear of five types of tool steels were evalddig weight decrease before
and after the experiment, while change of theifictoefficient of rubbing airs
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and change of the roughness. The mating comporeiftssive wear of tool
steels was determined experimentally that has gitven wear figures for
injection moulds.

INTRODUCTION

Intensive development of new types of plastics,réped development of theirs
industrial production in recent years and espscifiir application in various
sectors of industrial activity have resulted inagidly increase in the demand
for tools to process them. Metal and plastic fogmimould tools are one of the
most demanding areas in engineerifig 1]. Injection moulds are often
complicated technical devices that must withstaigh tpressure. They are
designed to produce a mould corresponding to extaapes and sizes that are
easy to eject.

MATERIALS USED IN INJECTION MOULDS MANUFACTURI NG

Injection moulds consist of functional and auxiliaromponents that
are manufactured with high precision, which iseetiéd in their cost. Materials
for forms must fulfil the required operational cdtiwhs, temperature, pressure
and abrasion resistance. The temperature at tmmdp&stic injection varies
from 120 to 330°C depending on the type of mateBEahphasis on resistance
to abrasion is given to the material of functiopafts, especially in processing
plastics with abrasive fillers.

Obviously, it is impossible to achieve all the abonentioned features with
one material. Therefore, the most important prigerare selected in terms
of shape, size and the accuracy of mouldings andeims of the size
of the production batch. For moulds and relatedspdine most commonly used
tool steels are, structural carbon steels and edlsteel. Tool steels are mainly
used for the production of functional parts, sushttee core and cavity. Tool
steel can also be used for auxiliary parts, where mecessarjL. 2]. Greater
use of structural steel is often favoured due sdadtver price and, the wider,
availability and range of products. Required swefpmoperties of forms include
surface quality, corrosion resistance, fatiguestasce, wear resistance, the
ability to easily remove mouldings, and a reduaadiéncy to create sediments
in the form.

Surface wear of injection moulds

For wear resistance, the most suitable steel &bletic steel of grade Cr-V-W-Mo
and X210Cr12. They are followed by steel grade 100MV4, 80WCrV3 and
steel with good resistance in the following ord€ir-Mo-V, steels with

cemented surface and steel of grade 62SiMfICr4].



1-2013 TRIBOLOGIA 49

The conditions affecting wear are as follows:

» External conditions include the working environmetemperature,
pressure, chemical activity), the working mediuntowf rate, particle
content, hardness, shape and the numbers of partiehd the conditions
of impact on surface), and the dynamic loadinguotcfional surface.

» Internal conditions include the suitability of forim the estimated function,
the appropriateness of the material selection,sthibility of production
technologies, the occurrence of flaws that didfieet proper functioning of
components.

 Working conditions include a comparison of the reabnditions
of operation with prescribed conditions, the cambims or intermittent
overloading of working conditions, and possiblerapa's errorgL. 10, 11].

EXPERIMENTAL WORK

Samples were of materials selected for their, ptag® which suitable for
producing of injection mould inserts.

The specific test materials (flat tongues) wer&fies:

e Tool steel type 1.2842 - 90MnCrV8,

e Tool steel type 1.2714 - 56NiCrMoV7,

e Tool steel type 1.2842 - 90MnCrV8,

e Tool steel type 1.2080 - X210Crl12,

* Tool steel type 1.2343- X38CrMoV5-1.

The specific plastic test material (material ofttibn roundel) was PA6
Polyamide Ravamid B-NC (unfilled plastic).

The material properties of PA6 are as follows: itgns,14 g/cri, yield
strength 80 MPa, elongation > 50%, hardness = HBOIBI 53456, coefficient
of friction 0,35 and sliding wear = 0,28n/km, content of glass filler 30%.

The evaluation of the wear of the materials foedtjpn moulding was
performed using the following methods:

» Hardness test of materials according to EN ISO 6507

e The valuation of surface roughness according td&MN 4287,

» The evaluation of adhesive wear — coefficient aftisn and weight loss
was observed.

The hardness of material was determined by Rockhsitiness test and
according to standard STN EN ISO 6507-1 and wassured using hardness
tester HPO 250.

The surface roughness was determined using a typeh— profilometer
Surftest SJ-301, which works by scanning of théaserusing diamond tipped
probe with 5um diameter, placed on a suspension arm. Microgggme
of the surfaces of the friction pairs was evaludigdstandard STN EN ISO
4287. The method and direction of the roughnessurements of the samples
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from tool steel was chosen for the width labeled $&d with the length
labeled DO.

For evaluation of adhesive wear, an AMSLER test hime with surface
contact was used. The samples had the form otdlegues with proportions
20x15x9 mm and standard roundels with diameter 86amd thickness 10 mm.
Examined mates were made from tool steel, andahedel was manufactured
from PA6. Support of roundel and mating was regaldb the desired pressure
in the contact area by pressing a spring with fafc80 kN. The steel roundels
were rotated at a speed 200.thand the rubbing time was set to 30 minutes.

Experimental result and discussion

Directions of roughness measurements on metal sampkre chosen as
follows: Width was marked S90 (angle®@nd length was marked DO%(0
Directional hardness values (converted to HRC) h&f tested materials are
shown inFig. 1 During the adhesive wear test, the coefficientfraftion,
weight loss and the roughness change of rubbing paire observed. The scale
reading interval of the friction coefficient wast$e 5 minutes. The average
results of measurements of friction coefficientatedl to time for 5 samples of
each material are presentediiamble 1and graphically irFig. 2

The lowest friction coefficient of 0.74 at the baging of the test was
recorded for steel X38CrMoV5-1.And after 30 minutésadhesive wear, the
lowest coefficient of friction was recorded for et&X38CrMoV5-1 the increase
of friction coefficients for all steels had appnmétely a linear characteristic
with a value of reliability 0.8 by linear regressioThe values of friction
coefficients showed that hardness is not always dégrmining factor in
choosing a suitable type of material for injectinaulds.

70

60

50
40
30
20
10
o] T T T T

90MNCrv8 56NiCrMoV7  S0MNCrvs X210Cr12 X38CrMoV5-1

HRC

Fig. 1. Directional hardness values of tested matits
Rys. 1. Kierunkowe twardoi badanych materiatow
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Table 1. Average friction coefficient values inelation to time
Tabela 1.Srednie wartéci wspoitczynnika tarcia w zataosci od czasu

Friction coefficientuin time periods

el T ug | e | wn | en | e | e | o
Omin 5min 10min | 15min | 20min | 25min | 30min
90MNnCrv8 | 0.084 | 0.115| 0122 0152 0148 0152  0.152
56NiCrMoV7 | 0085 | 0.115| 0.126| 0141 0152 0152  0.163
90MNnCrv8 | 0.082 | 0.126 | 0133 0145 0167  0.167  0.163
X210Cr12 | 0075 | 0104 | 0115 0126 0130 0141  0.148
X38CrMoV5-1 | 0.074 | 0.096 | 0.107| 0107 0115 0119  0.122
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Fig. 2. Dependence of average valuesoin relation to time
Rys. 2. Zawisté¢ srednich wartéci p w zaleznosci od czasu

Microscopic analysis before and after the wearanfl tsteel samples is
shown inTable 2 and were performed using an OLYMPUS U CTR30-2light
microscope. A magnification of 100x was used fofae observation.

Material X210Cr12 achieved the highest values afdhess (HRC 61)
given by the amount of alloying elements and it vitherefore possible
to assume the highest wear resistance of the mktBit during the wear, there
was detachment of chromium precipitates from tldeberitic matrix in the
form of pitting, which crucially affected the raté material wear. The best wear
resistance to exhibited specimens is shown mad€8&CrMoV5-1.
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Table 2. HDG sheet surface views
Tabela 2. Wartéci mikrogeometrii arkusza powierzchni HDG

90MnCrv8

X210Cr12
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The results of the measurements of the surfacehrmss of materials are
listed inTable 3and showed ifrigures 3and4.

Table 3. Measured values Ra, Rz of tested materials
Tabela 3. Zmierzone wadti Ra, Rz badanych materiatow
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Another important factor influencing the rate ofethmaterial wear
is the relief of macro and micro roughness of tbatact surface. Frictional
contact of materials leads to elastic and plastiorination of jog peaks of the
functional surfaces. During the plastic deformatilb@ surface layers in contact
may break. Subsequently, the formation of microtiand the accompanying
surface firming of surface layers is observed. Ae tsame time, there
is atransfer of material particulate to the contasurface, depending
on the material characteristics of the rubbing gaifhe amount and size
of the grooves was proportional to the hardnesshef evaluated materials.
Knurling intensity also depends on the phase s#paratendency
in the interphase of the interface in the polymextarial and on the adhesion
size of the contact phases.
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Fig. 3. Average Ra in direction DO of tested mateais
Rys. 3. Srednia Ra w kierunku DO badanych materiatow
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Fig. 4. Average Rz in direction DO of tested mateais
Rys. 4. Srednia Rz w kierunku DO badanych materiatow
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The greatest change of material roughness Ra arid Re direction DO
was showed for 90MnCrV8ste@tig. 5) and the smallest change was measured
for X38CrMoV5-1 steel. In direction S90, the chasige roughness values
showed a smaller displacement, which are showkign 6. The smallest
deviations were measured for 90MnCrV8 steel.
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Fig. 5. Roughness of 90MnCrV8-steel surface
Rys. 5. Chropowat@ materiatu 90MnCrV8

Surface profile before adhesive wear, direction S90
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Fig. 6. Roughness of X38CrMoV5-1-steel surface
Rys. 6. Chropowatg materiatu X38CrMoV5-1
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The experiment also evaluated the weight loss efete tool steels
materials. The results are shownTible 4.

Table 4. Measured weights of samples before and aftadhesive wear
Tabela 4. Zmierzone masy prébek przed i poyeiw adhezyjnym

Material Weight before test | Weight after test Mass loss [g]
a] a]
90MnCrVv8 23.4651 23.4351 0.0300
56NiCrMoV7 23.6400 23.5941 0.0459
90MnCrVv8 23.4843 23.4733 0.0110
X210Cr12 23.2788 23.2635 0.0153
X38CrMoV5-1 23.3606 23.3600 0.0006

CONCLUSIONS

Based on the results of experiments on five tyde®al steels with polymer

counterparts of PA6, we can conclude the following:

+ After the evaluation of hardness tests, we canlodecthat all of selected
tested tool steels are suitable for use in the fagtwring of injection
moulds, next evaluation of adhesive wear evaluategl mechanical
ruggedness of selected steels in contact with PAG.

» The surface of the tested tool steels were machibgd rubbing
corresponding to content of glass filler. After bidy were visible defects
on surfaces of the tested steels, as seen on tlrestdpic documentation
(Table 2). Traces of plastic deposited by frictiand colour changes
of the contact area can be seen on the worn seréddested tool steels.

e The largest mass removal of material was for 56Mi®@Y7 steel.
The lowest mass removal of the material was forG{B8oV5-1 steel.

» The highest coefficient of friction was recorded &NiCrMoV7 and the
lowest coefficient of friction was recorded for X38loV5-1.

* The largest change in surface roughening at evaduparameters Ra, Rz
was found in tool steels 90MnCrV8, 56NiCrMoV7 bycfion to disc from
PA6 plastic. Smaller changes at measured param&ers Rz were
evaluated in the direction of S90 as in the diecDO.

Based on the measured values, we can concludeh wdnt steel is more
suitable for the production of shaped inserts imismation with tested PA6
plastic. The most suitable was X38CrMoV5-1 tookkte



1-2013 TRIBOLOGIA 57

SUMMARY

During the design of the shape inserts of injectiooulds from tool steels,
the selection of suitable materials is importartie Shape insert must verify
technical, functional and economic requirementse fiunctional aspects of the
shape inserts include strength, toughness, dimeasi@ccuracy, wear
resistance, chemical resistance and the othersteEhaological aspects require
simplicity and the ease of manufacturing. The eaun@spects include the cost
production methods and the selection of more aviailmaterials.

This paper presents the results of the tribologjmalperties of selected
types of tool steels. The materials were chosen hardness, chemical
composition and structural bases. Experiments weakzed by the simulation
of adhesive wear using laboratory equipment (Amstehnich allows the testing
of dry rubbing pairs. Rated rubbing pairs consistédool steel and a PA 6
roundel. At tool steel samples were monitored fassnloss after 10 minutes
of contact with the plastic roundel. The size ofawwas also evaluated by the
change of friction coefficient and changes in therphology of the contact
surfaces.

From obtained results it can be stated that thésigecfactor is the type,
distribution and mutual bond of the structural ¢iment of materials and then
the hardness of materials. The size of wear alafiested by the microroughness
of contact surfaces and material combinations labing pairs.
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Streszczenie

Celem pracy byto przetestowanie i wybor wigciwej stali narzedziowej do

wytwarzania form wtryskowych do elementéw z tworzywsztucznych. Pu-
blikacja jest zogniskowana na zayciu adhezyjnym form stosowanych do
formowania tworzywa PAG6. Zuzycie pieciu rodzajéw stali narzedziowej

zostato okr&lone przez wyznaczenie spadku masy przed i po przepwa-

dzeniu testu, przy czym okrélono tez wspotczynnik tarcia chropowatgci.

Zuzycie adhezyjne stali naredziowych zostato okrélone eksperymentalnie,
co dato wartasci zuzycia dla form wtryskowych.



