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In the production of plastics tools, due to the high mould price, high demands are placed on cost reduction or 
shortening mould production times. The price of the injection mould is reflected not only in the price of used 
injection material but also in the price of its own production. 
Mould form cavities were made with different materials and different machining technology (finishing methods). 
Various polymeric materials were injected into the cavities thus prepared, and the surface quality of the samples 
was evaluated and compared to the quality of the surface cavities, thereby verifying the copying of the surface of 
the mould cavity onto the surface of the polymer product. The aim of this article is to determine the impact of 
technological conditions on the quality of the plastic tool (injection mould) and the future polymer product. In this 
experiment, they were made by different technological conditions of the shape cavity and their influence on the 
resulting roughness parameters of tested samples was determined. 
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 Introduction 

In this study, polycarbonate (PC) is injection moulded 
into three various moulds produced from different tool 
materials. PC is a thermoplastic amorphous polymer 
owning good optical and mechanical properties such as 
strength, impact resistance and stiffnes. It is very often 
used in the automotive, aircraft windshield, architectural 
glasses, medical apparatus etc [1].  

Nowadays, one of the most common technologies of 
polymer processing is injection moulding. Xu, Lu, Gao 
and Zhang investigated numerical and experimental re-
sults of injected moulded PC. After numerical simulation 
and experimental test with different mould temperatures 
they created the methodology. The yield stress of PC 
increased with the increasing mould temperature. The 
fracture energy of PC increased also with increasing 
mould temperature [2].  

Griffiths, Dimov, Brousseau and Hoyle dealt with the 
interaction between the polymeric melt and the tool sur-
face. They used three polymeric materials, one of these 
materials was PC. They found no significant relationship 
between the occurrence of the slip stick effect and the tool 
surface. The flow length of PC was more susceptible to 
changes of the process parameters in comparison to poly-
propylene [3].  

The comparison of mould materials aluminium 2000 
and AIS 1020 creating a double cavity of the mould du-
ring injection moulding of acrylonitrile butadiene styrene 
Ozcelik, Ozbay and Demirbas studied. When melt tempe-
rature and cooling time were high, the values of elasticity 
modulus and tensile stress at yield were higher in case of 
aluminium mould in comparison to steel one [4].  

The surface segregation during injection moulding of 
PC and polymethyl methacrylate was studied by Sako, Ito 
and Yamaguchi. They prepared polymeric blend using 
twin-screw extruder and subsequently this blend injection 
moulded. The structure change could be caused by the 
high shear rate near the mould wall. Surface hardness was 

positively influenced by the surface localization of poly-
methyl methacrylate [5-7].  

In this study the influence of the surface quality of the 
cavity of mould on the surface quality of injetion moulded 
product produced from PC was investigated. Three vari-
ous material of mould were studied and subsequently 
compared which material is the best for production of the 
best surface quality of polycarbonate products [8-10]. 

 Experimental 

This study is concerned with the influence of the sur-
face quality of the mould cavity on the surface quality of 
the final product manufactured from a polycarbonate. 
Three materials (1.2343, 1.3505 and 2.0402) and machi-
ning methods (turning, grinding and polishing) were used 
to produce the cavities. Polishing of the cavities was done 
with three varying head speeds as this parameter affects 
the quality of the surface. The goal of this study is to con-
sider to what extent does the surface quality of the cavities 
constructed with varying process parameters, materials 
and machining methods influence the surface quality of 
the final product.  

• Shape insert of the mould: 
The shape insert of the injection mould has the exter-

nal dimension Ø 90 × 12mm. This insert is screwed on 
the left side of the injection mould using three screws. In 
the centre of the insert there is a hole for the flow retainer, 
which holds the injection moulded sample on the left side 
of the mould. The sample is ejected using the wiping 
plate. 

The shape insert is produced by turning, its shape is in 
touch with the polymeric melt, is either polished, turned 
or grinded under various conditions. Polishing of the in-
sert was done with three varying values of head speed, 
which influenced the insert’s surface quality, therefore 
the surface quality of the product. The goal of this re-
search is to evaluate the effect of individual machining 
methods on the surface quality of the finished product as 
well as the extent to which the surface of the cavity is co-
pied to the surface of the product. 
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The shape insert is produced from three various mate-
rials such as chrome construction steel 1.3505, chrom-
molybden tool steels 1.2343 (Table 1.) and 2.0402 (Table 
2.). The aim of this research paper is to assess the effect 

that the material and its heat conduction properties have 
on the surface quality of the product. Table 1 and 2 dis-
play a chemical composition of specified materials used 
for the construction of the injection mould cavity.

Tab. 1 Chemical composition (1.3505, 1.2343) in % wt. 

Material C Mn Si P max. S max. Cr Mo max. V 

1.3505 0.93 – 1.05 0.25 – 0.45 0.15 – 0.35 0.025 0.015 1.4 – 1.6 0.1  

1.2343 0.33 – 0.41 0.25 – 0.5 0.8 – 1.2 0.03 0.02 4.8 – 5.5 1.1 – 1.5 0.3 – 0.5 

Tab. 2 Chemical composition (2.0402) in % wt. 

Material Cu Zn Pb Al Fe Ni Sn 

2.0402 57 - 59   2.5 – 3.5 up to 0.05 up to 0.3 up to 0.3 up to 0.3 

 
• Injection moulding parameters: 

 

Fig. 1 Tested Sample – PC 
 
Tested Polycarbonate ALTECH PC-HT A 1000/500 

by company LBIS PLASTIC GmbH was used as a tested 
material. Before granulate could be injection moulded, it 

had to be treated in a Thermolift 100-2 dryer manufactu-
red by Arburg, this was done in compliance with the ma-
nufacturer recommendation. Temperature of this process 
was 120 °C and it lasted for 4 hours. Afterwards, the tre-
ated material was injected in the injection moulding ma-
chine ARBURG 470H Allrounder made by Arburg 
(shown in figure 2). Table 1 provides parameters of the 
injection moulding process, which were set according to 
the material sheet of the tested polycarbonate. The main 
dimension of the sample is Ø 62 mm x 3 mm (Figure 1).  

Tab. 1 Injection moulding parameters 
Material: Unit: PC- HT 
T1- nozzle °C 315 
T2 °C 320 
T3 °C 315 
T4 °C 310 
T5 °C 305 
T6 - hopper °C 70 
Dosing path mm 14 
Injection velocity mm/s 60 
Injection pressure MPa 60 
Holding pressure MPa 30 
Holding time s 10 
Cooling time  s 15 

 

Fig. 2 Injection machine – Arburg Allrounder 470 H 
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Surface quality: 
In this experiment, the surface quality from the point 

of surface roughness was measured using roughness pa-
rameters Ra and Rz (Figure 3).  

Ra is the arithmetic average of the absolute values of 
the roughness profile ordinates. The average roughness is 
the area between the roughness profile and its mean line, 
or the integral of the absolute value of the roughness pro-
file height over the evaluation length. 

Rz is the arithmetic mean value of the single rou-
ghness depths of consecutive sampling lengths. Z is the 
sum of the height of the highest peaks and the lowest 

valley depth within a sampling length.  
The largest part of measurement of the surface rou-

ghness of the shape cavities and polymeric products was 
measured using 2D contact profilometer Form Talysurf 
50.  

The one file measurement was always done at ten 
samples, where three measurements at each sample were 
done. The basic length of the roughness measurement was 
determined on 0.8 mm and in the whole evaluated length 
it was considered totally five times. The evaluated length 
was 4 mm. After cancelling of the shape and waviness, 
the Gauss´s filter was used. 

 
Fig. 3 Surface Quality – Ra, Rz

 Result and Discussion 

In this experiment, the surface quality of products ma-
nufactured with varying materials, machining methods 
and process parameters was measured and subsequently 
the results were compared with each other. 

 
Fig. 4 Surface Quality Ra vs. Material of Cavity 

 
Fig. 5 Surface Quality Rz vs. Material of Cavity 

 
Figure 4 and Figure 5 shows how deeply the surface 

quality (Ra and Rz) of the mould is copied on the surface 
quality of the product using three various mould cavities. 
The mould cavity was produced by grinding under prede-
termined conditions (velocity 7 m/min, depth of cut 0.005 
mm). At the shape insert produced from material 1.2343 
the surface quality Ra was 0.28 μm (Rz was 3.24 μm). At 
the polymeric product, which was injected into this insert 

the surface quality Ra was 0.17 μm (Rz was 1.14 μm). 
The difference between the insert and the product is 65 % 
Ra (184 % Rz). At the insert 1.3505 the similar tendencies 
were found out. The surface quality of the product was 52 
% Ra (181 % Rz) lower than the surface of the shape in-
sert. At the insert created from 2.0402 material the surface 
quality Ray was 0.41 μm (Rz was 2.86 μm). While com-
paring the qualities of surface of the insert and the surface 
quality Ra of the product the difference of 86 % (Rz was 
122 %) was found. From these results, it is evident that 
the copying of the roughness of the surface is dependent 
on the insert material and its thermal conductivity.   

 
Fig. 6 Surface Quality Ra vs. Finishing Operations 

 
Fig. 7 Surface Quality Rz vs. Finishing Operations 



June 2019, Vol. 19, No. 3 MANUFACTURING TECHNOLOGY ISSN 1213–2489 

 

480  indexed on: http://www.scopus.com  

Figure 6 and Figure 7 shows the influence of the fi-
nishing operations (turning, grinding and polishing) on 
the surface quality. From Figure it is evident that the 
highest value of the surface quality Ra and Rz is at the 
shape insert, which is turned. The value of the surface qu-
ality Ra of the sample is 90 % lower than the value of the 
surface quality of the insert (Rz was 101 %). At grinded 
insert, the value is lower and the surface quality copies 
with the lower difference (Ra was 65 % and Rz was 151 
%). At polished shape insert the value of the surface qua-
lity Ra 0.03 μm (Rz 0.4 μm) and copies to polymeric 
samples almost identical. The Ra value of the sample is 
0.02 μm abd Rz value of the sample was 0.18 μm. 

 

Fig. 8 Surface Quality Ra vs. Feed Rate 

 

Fig. 9 Surface Quality Rz vs. Feed Rate 
 
It is possible to find out at the results of the grinded 

surface at the feed rate (7 m/min, 14 m/min and 23 m/min) 
that from Figure 8 and Figure 9 is evident that with incre-
asing feed rate the value of surface quality Ra and Rz 
increases. The highest value of the quality Ra is at the 
highest feed rate 23 m/min. After comparison of the sur-
face quality of the insert and the injection moulded 
sample it is evident that the surface quality of the sample 
has lower value of Ra than the shape insert. The lowest 
difference between Ra of the insert and Ra of the sample 
is during grinding of the insert at feed rate 7 m/min where 
the sample has 65 % lower value of Ra than the insert 
with the highest difference between the insert and the 
sample at the feed rate 23 m/min, where the sample has 
74 % lower Ra. 

 Conclusions 

The aim of this study was to investigate the influence 
of the quality of the injection moulded mould on the sur-
face quality of the polymeric product. Used materials of 
the injection mould were 1.2343, 1.3505 and 2.0402 and 

as a polymeric material, PC was used. From the results it 
is evident that used material of the injection mould has a 
significant influence on the surface quality of the final po-
lymeric product. The surface of the mould copied with the 
smallest difference the surface of the product at material 
1.3505 where the difference was 52 %, while the worst 
copyable is the surface of material 2.0402, the difference 
is 86 %.  

During using of various finishing operations (turning, 
grinding and polishing) it is clear that polishing copies the 
surface almost identical, while at grinding and turning 
higher differences were observed at the surface quality of 
the mould and the product. This difference is approxima-
tely 65 % at grinding and 90 % at turning.  

During using of various velocities of grinding it is evi-
dent that the most suitable velocity is 14 m/min when the 
surface quality of the mould was 0.29 μm and this surface 
was copied on the surface of the plastic product with the 
value of 0.2 μm. The difference in the surface quality of 
the mould at the product was 45 %. 
The results clearly indicate that the surface quality of the 
mould cavity positively influences the surface quality of 
the final product, i.e., higher surface quality of the mould 
cavity resulted in higher surface quality of the final pro-
duct. 
This research would be appropriate to extend about more 
polymeric materials or tool materials and to focus on the 
rheological properties of the polymeric material or the 
melt flow index. 
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