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ABSTRACT 

The surface preparation of moulds for high gloss applications, e.g. tools for injection 
moulding of plastic parts, is still a relatively unknown area. Most knowledge is 
accumulated by individual polishers with long experience in the field. Literature covering 
the polishing process/mechanisms is rare and it becomes harder and harder to recruit new 
skilled polishers. Today it is also a matter of time, and cost; how long time is needed to 
prepare a new mould? How many steps are needed? Which tools? Is it possible to replace 
the manual polishers by robots?  

This article is part of a study where equivalent steel samples were prepared in different 
polishing shops to investigate the surface quality achieved in every step of the process. 
The polishers have documented their processes and comment on the final results. The 
main goal was to study how different proceedings affect the final surface quality; which are 
the crucial factors in order to achieve a high gloss polished surface with low defect levels?  

The sample analysis is based on visual estimations as well as interferometer 
measurements and belonging surface parameters; e.g. seems the number of preparation 
steps be crucial to the final surface quality.  
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1. INTRODUCTION 

Tool steels, in this case with focus on the surface 
finishing of dies for injection moulding, have high 
demands on the polishability - a measure of how good a 
metal is to polish, including both the final surface finish 
and the easiness to achieve the same [1]. The inserts 
are carefully polished (most often manually) into mirror 
like appearances, which is a cumbersome and time-
consuming process that is dependent on individual 
polishers. This means that the polishing process is 
more close to a craft than a reliable production process 
achieving consistent surface finishes from tool to tool. It 
is therefore of great interest within industry to start to 
use automated polishing techniques to overcome the 
mentioned drawbacks, and as a bonus, improve the 
working environment which today includes vibrating 
hand tools and monotonic work positions/operations. 

There are several robot assisted polishing equipments 
on the market, however many of them are still under 
development when coming to polish complex shapes 
(e.g. [2] and [3]). Crucial questions of issue, e.g. the 
selection of suitable tool paths, optimal contact 
pressures, and the choice of carrier/abrasives, are not 
answered yet. Another important question is the 
automation level – when is it adequate to use a robot?  

This study aims at increasing the knowledge of the 
polishing process outgoing form manual polishing. 
Surface analysis of tool steel samples manually 
polished by experienced polishers, and belonging 
documentations of the procedures make up the base of 
the study. As a comparison a robot polished sample is 

included. Final surface qualities as well as intermediate 
polishing step qualities are linked to process 
parameters to find crucial process parameters.  

2. MATERIALS AND METHODS 

2.1 Tool steel 

Three different tool steels were included in the study; 
two electro slag remelted materials (ESR), hardened 
and tempered to hardness’s of 48 and 56 HRC, 
respectively, and one material produced via powder 
metallurgy (PM), heat treated to a hardness of 59 HRC. 
All samples (size: 100x100x25 mm) were ground (Al2O3, 
60 Mesh); in the result identified as the initial surface.  

2.2 Experimental 

All polishers have used their own preparation 
techniques to produce high gloss tool steel surfaces; 
i.e. to achieve a surface quality corresponding to the 
ones on moulds for e.g. injection moulding of shiny 
plastic parts. The samples were divided into smaller 
areas, one for each preparation step, so that the 
proceedings of the process could be studied (see Fig. 
1). The polishers have also documented their process 
parameters for each step (i.e. time, tools used etc.). A 
cylindrical sample was also prepared by a robot 
assisted polishing technique (Strecon RAP-200

1
) as a 

first test to apply a ‘manual strategy’ on the robot. A 
reduced version of the proceedings for one of the steel 
grades is presented in table 1.  

 
 

1Strecon A/S, Denmark, www.strecon.com 110316 



 

Figure 1: A PM sample showing the initial surface 
(left upper corner) and the eleven polishing steps 

performed by polisher A. The number of steps, and 
so the distribution of the surface area differ 

between the polishers.  

2.3 Surface evaluation 

A Phase Shift Technology MicroXam
2
 optical interfero-

meter with a quoted vertical resolution up to 0.1 nm and 
a sampling of 1 µm was used to measure and examine 
the surfaces at different magnifications. The surface 
analysis, made in MountainsMap Premium

3
, were 

based on measurements with the magnification of 100 
(approx. measurement area: 800x600 µm); all images 
were levelled with respect to the least square plane and 
a form removing step (polynomial fitting of order 2) was 
applied to get rid of any remaining curvatures. Surface 
parameters included in this paper are [4] [5]:  

Sq - Root-mean-square deviation of the surface [nm] 

Sa - Arithmetical mean height [nm]  

St - Total height of the surface (height between the 
highest peak and the deepest valley) [nm] 

Sk - Kernel roughness depth (roughness depth of the 
core) [nm] 

Skp - Reduced peak height (height of the peaks above 
the kernel) [nm] 

Svk - Reduced valley depth (depth of the valleys below 
the kernel) [nm] 

Also visual estimations of the samples were performed 
by the polishers to comment on final surface qualities 
as well as the intermediate ones (see table 1).  

3. RESULTS AND DISCUSSION 

Even though the polishers got the same specification, 
their notes show that they had slightly different goals 
regarding final surface quality; low residual stresses, 
good high gloss appearance, and ‘what a standard 
polishing  shop  achieves’. However,  these  differences  
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are their interpretations of what a high gloss tool steel 
surface is (their delivery standard) and are therefore 
treated as equal in the surface analysis, i.e. no account 
has been taken to these differences in this stage of 
surface analysis.  

3.1   Polishing sequences 

Generally, all samples were prepared in two steps; with 
stones or papers (phase I), and with diamond pastes 
(phase II), see table 1. The main differences between 
the polishers are their choice of grit size/Mesh of the 
stones/papers, the number of steps and, especially, the 
time spent in every step.  

Figure 2 shows how the surface structure, in terms of 
the Sq value (Root-mean-square deviation of the 
surface), change over time, i.e. after every step. Total 
preparation time will be discussed in later chapters, but 
it should be noticed that it takes more or less the same 
time (around 20 min) for polisher A and B to reach the 
same surface quality level, but six steps for A and one 
for B. However, polisher A reduces the roughness much 
quicker when changing from abrasive paper to diamond 
paste, while polisher B continues with abrasive papers. 
If the tool/abrasive is ‘translated’ into the size of the 
abrasives, polisher A shift from approx. 20 to 10 µm, 
while polisher B shift from 60 to 30 to 15 µm (and uses 
much longer polishing time) – the reason to why 
polisher  A  reach  a  better  surface  quality  than  B? In 

Table 1: A summary of the proceedings for all ESR 
1 samples; included are a general overview of the 

tool/abrasives used for phase I & II, a percentage of 
the time used for those phases, final surface quality, 
and comments regarding the polishing procedure. 

Polisher/ 
Steel grade 

Step  Preparation Comments 

A/ 
ESR 1  

Phase I  
Hand-polish 
6 steps – 70 % of total prep. time  
Stone (320-600) & paper (400-800) 

Easy to polish; final 
surface in good 
condition (i.e. no/few 
defects/defect 
structures).  Phase II  

Hand-held unit & hand-polish 
5 steps – 30 % of total prep. time 
DP 9 down to 1 µm 

B/ 
ESR 1  

Phase I  
Hand-held unit 
3 steps – 85 % of total prep. time  
Paper (240-1200) 

Standard procedure for 
polishing shops; final 
surface with clear 
scratches from the 
polishing process, few 
pitting.  Phase II  

Hand-held unit 
3 steps – 15 % of total prep. time 
DP 6 down to 1 µm  

C1/ 
ESR 1  

Phase I  
Hand-polish 
3 steps – several hours  
Paper  (320-1500) 

Polished to minimise 
residual stresses; final 
surface with minimal  
scratches  from the 
polishing process, 
no/few pitting.  Phase II  

Hand-polish 
3 steps – several hours  
DP 6 down to 3 µm 

C2/ 
ESR 1  

Phase I  
Hand-held unit 
2 steps –50 % of total prep. time 
Stone (320-500) Standard procedure for 

polishing shops; final 
surface with minimal 
structure, few pitting.  

Phase II  
Hand-held unit  
3 steps – 50 % of total prep. time 
DP 9 down to 3 µm 

RAP/ 
ESR 1  

Phase I  
Pulsating, flexible bar  
2 steps – 85 % of total prep. time  
Stone (600-1200) 

Test with the robot to 
simulate the same 
procedure as manual 
polishing; scratches 
from previous steps, 
no/few pitting.  Phase II  

Pulsating, flexible bar  
3 steps – 15 % of total prep. time  
DP 6 down to 1 µm 

DP = diamond paste  



figure 3 it is clearly shown that the more
better the surface quality seems to be
rewarded. Graphs with surface
corresponding to the valley depths and peak heights 
showed similar results.  

Figure 2: Upper; the Sq value (Root
deviation of the surface) vs. the accumulated time 
(in minutes) after each step. Lower
to the left, but with focus on the last steps, i.e. Sq 

values between 0 to 30 nm. 
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Figure 3: The number of steps during the polishing 
process seems to be crucial fo

qualities; here represented by the Sq value
mean-square deviation of the surface

C2-PM had severe pitting. 

Polisher C2 probably starts with small abrasives too 
early in his polishing sequence, and will therefore need 
more time to reach the same surface quality level as the 
two others. 

3.2 Polishing sequence vs. final surface quality

A visual estimation of the images clarify their different 
appearance; B has an orange peel structure, C1 and 
C2 some few scratches and defects, and A a more 
homogeneous surface with few/no defects 
It is known that too long polishing 
rougher surfaces than smoother ones
generation of pull-outs and/or other defect structures [1
[6] [7]. Further a certain combination of tool/abrasive 
reach a ‘steady state’ value 
means that a specific set-up 
qualities better than a certain level
might be the reason to why A has a lower roughness 
than the others (see Fig. 2 for a comparison of the time; 
C1 is not included since more exact values are missed, 
however a note was made telling that ‘several 
was used for the polishing process).

Another reason to the variety in surface structure is the 
polishing direction – rotational movements 
and C2) seems to be favourable for the last steps in 
case a homogeneous surface structure is 
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here represented by the Sq value (Root-
square deviation of the surface). Sample 

had severe pitting.  

Polisher C2 probably starts with small abrasives too 
early in his polishing sequence, and will therefore need 
more time to reach the same surface quality level as the 

ce vs. final surface quality 

A visual estimation of the images clarify their different 
appearance; B has an orange peel structure, C1 and 
C2 some few scratches and defects, and A a more 

with few/no defects (see Fig. 4). 
It is known that too long polishing times often generate 
rougher surfaces than smoother ones due to e.g. the 

and/or other defect structures [1] 
a certain combination of tool/abrasive 

’ value of the roughness which 
up cannot generate surface 

qualities better than a certain level (e.g. [8]), which 
might be the reason to why A has a lower roughness 
than the others (see Fig. 2 for a comparison of the time; 

included since more exact values are missed, 
a note was made telling that ‘several hours’ 

was used for the polishing process).  

Another reason to the variety in surface structure is the 
rotational movements (used by A 

seems to be favourable for the last steps in 
case a homogeneous surface structure is required.  
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Figure 4: Images of the final surfaces of material ESR 1; it can be seen that the A sample, judged to have the 
best surface quality, has a homogeneous surface structure with few visible scratches and defects. 

 Figure 5: Images of the filtered (Robust Gaussian, cut off 150 µm) surfaces of material ESR 1 (final surface); 
it can be seen that sample A, B, C1 and C2 all have a similar waviness structure, a structure that the 

 

of the final surfaces of material ESR 1; it can be seen that the A sample, judged to have the 
best surface quality, has a homogeneous surface structure with few visible scratches and defects. 

 

 

of the filtered (Robust Gaussian, cut off 150 µm) surfaces of material ESR 1 (final surface); 
it can be seen that sample A, B, C1 and C2 all have a similar waviness structure, a structure that the 

reference sample does not have.  
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3.3 Residual waviness structure 

Analysing the images filtered by a Robust Gaussian 
filter (cut off 150 µm), it seems like the waviness 
structure seen in the upper left image (A 
surface) is remained in the final surfaces. The 
wavelength is around 200 µm, but the amplitudes differ. 
As can be seen in figure 5 all included samples 
have this waviness, which means that the waviness 
structure probably came up during the grinding process. 
The last image in figure 5 is based on a reference 
sample not ground and prepared in the same way 
the samples included in this study, where
to a similar waviness structure cannot be detected
Further, this waviness structure is 
intermediate steps. A hypothesis is that part of the 
surface   and  underlying   material  hardens 

 

Figure 6: A schematic picture of a cross section of 
a surface; the material above the final surface line 

is expected to be removed during the polishing 
process. Grey areas should symbolise hardened 

areas, striped areas the bulk material. 

grinding process, and will, during the polishing steps, be 
decreased (see Fig. 6). Since the polishers use hard 
tools in the beginning of their processes (during the first 
steps) the surface will be more evenly worn, while the 
hardened parts of the surface (if they are still present in 
the surface) will be visible when softer carriers are use
due to a more uneven material removal.

3.4 Man vs. robot 

The final surface of the RAP-ESR 1 is characterised by 
deep  scratches  from  previous  preparation 

Figure 7: Image of the final surfaces of sample RAP 
- ESR 1; its deeper grooves from previous steps 

and linear scratches from the polishing process 
clearly seen (image size: 600x800 µm).

Analysing the images filtered by a Robust Gaussian 
it seems like the waviness 

structure seen in the upper left image (A – ESR 1: initial 
surface) is remained in the final surfaces. The 

m, but the amplitudes differ. 
all included samples prove to 

this waviness, which means that the waviness 
during the grinding process. 

based on a reference 
in the same way as 
where any tendency 

cannot be detected. 
 not found in the 

intermediate steps. A hypothesis is that part of the 
hardens  during  the  

 

A schematic picture of a cross section of 
a surface; the material above the final surface line 

is expected to be removed during the polishing 
process. Grey areas should symbolise hardened 

areas, striped areas the bulk material.  

during the polishing steps, be 
the polishers use hard 

tools in the beginning of their processes (during the first 
steps) the surface will be more evenly worn, while the 
hardened parts of the surface (if they are still present in 
the surface) will be visible when softer carriers are used 
due to a more uneven material removal. 

is characterised by 
preparation  steps. The 

 

of the final surfaces of sample RAP 
from previous steps 

and linear scratches from the polishing process are 
clearly seen (image size: 600x800 µm). 

scratches   caused  by   the   polishing 
visible in the measurements, see Fig
other hand, hard to see with the naked eye which 
means that the visual appearance of the sample is as 
good as for the better manually polished samples; i.e. a 
nearly defect free surface. The relatively rough profile 
might be a measurement error since 
measured with white light (due to its shape
with phase shift, which can generate 
roughness.     

4. CONCLUSIONS 

Except that a more thorough investigation is needed to 
evaluate the results in detail, it can be concluded that: 

• The number of polishing steps seems to be crucial 
to the final surface quality, i.e. 

• A residual waviness structure 
final surfaces; the amplitude differs, but no polishers 
managed to completely remove the structure.

• Total time and polishing equipment used are 
individual, however similar results can be achieved 
even though shorter total times and ‘several
strategies seems to be favourable
gloss steel surfaces with low defect levels. 

• The robot polished sample had a good visual 
appearance, but grooves from previous steps need 
to be removed.  

5. FUTURE WORK 

As mentioned before, deeper studies of all samples 
(some samples which should have been included in this 
study are still missing) need to be performed, as well as 
complementary studies, e.g. regarding micro
in the surfaces. Also different robot polished samples 
will be included; polished and documented in the same 
way as the manually polished ones. One advantage 
with robot assisted polishing compared to manual 
polishing is that process parameters as pressure, time 
etc. are more easily measured and documented. It is 
also possible to reproduce tests, which is more or less 
impossible when coming to manual polishing

The final goal is to better understand the polishing 
mechanisms controlling the polishability of tool steels
order to establish a first draft of polishing guidelines
high gloss polishing of tool steels.
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