
A Step-by-Step Analysis of Manual Polishing Sequences 
 

Sabina Rebeggiani, B.-G. Rosén 

Halmstad University, The Functional Surfaces Research Group, Halmstad, Sweden 

 

Abstract: 

Polishing of tool steels for e.g. injection moulding of plastic parts or direct polishing of 
products is perhaps the most important industrial finishing process today. Polishing is 
often made manually to ensure the highest quality and nanometre roughness. This 
study compare steel samples prepared in different companies to study how different 
polishing sequences affect final surface qualities, i.e. trying to find crucial factors 
controlling high gloss appearance and defect levels. The samples were prepared in a 
way that every step of the polishing process could be studied quantitatively at 
nanometre level using phase shifting- and coherence scanning interferometry. In 
addition, all samples were qualitatively documented and judged visually by the 
polishers themselves. It could be concluded that a ‘several-step’ strategy in 
combination with short polishing time was advantageous. Also, guidelines for tool and 
abrasive selection is presented suggesting cotton as carrier and diamonds of 1 µm 
size for more time efficient final polishing. 

 

1. Introduction 

Surface preparation of tools for injection moulding of plastic parts is most often 
performed manually by polishers, who carefully polish the inserts into mirror-like 
appearances – as demanded for high gloss applications. The process is 
cumbersome and time-consuming, and gives often rise to occupational injuries due to 
vibrating hand tools and monotonic work positions/operations. Therefore, the 
question if, or rather when, it is possible to replace manual polishing techniques with 
automated ones is of high importance. Different robot assisted polishing equipments, 
e.g. 1-6, are expected to improve the reproducibility of mould surface qualities 
(automated techniques are less dependent on individual operators/polishers), reduce 
production time and costs, and improve working environment for operators/polishers.  

This paper concludes a study (see also 7) where equivalent steel samples, prepared 
in different polishing shops, where investigated in order to better understand the 
polishing process. The samples were analysed step-by-step to study how the surface 
topography changed during the polishing process. Similar investigations of each step 
in finishing processes can be found in e.g. 8 and 9, the former based on 2D 
parameters, the latter on 2D continuous wavelet decomposition.  

2. Experimental  

Four different types of tool steels were included in the study, see Table1; three electro 
slag remelted materials (ESR), and one material produced via powder metallurgy 
(PM). All samples (size: 100x100x25 mm) were ground in two steps; a coarse one 
(using BN) and a fine one (using Al2O3, 60 Mesh); the latter is denoted as the ‘initial 
surface’ in the following text.  

 



Process 

route  
Steel grade  

Hardness  

[HRC]  

Typical analysis  

C  Si  Mn  Cr  Mo  Ni V  +N 

ESR  Unimax  56  0.5  0.2  0.5  5.0  2.3   0.5   

ESR  Stavax ESR  48  0.38  0.9  0.5  13.6    0.3   

ESR Mirrax ESR 48 0.25 0.35 0.55 13.3 0.35 1.35 0.35  

PM  Elmax  60  1.7  0.8  0.3  18.0  1.0   3.0   

Table 1: Hardness and chemical composition (wt%). 

The initial surfaces were polished with preparation techniques chosen by the polishers 
themselves; in common was only the specification - to achieve a surface quality (high 
glossy surface) corresponding to the ones for injection moulding of shiny plastic 
components using abrasive preparation techniques. To be able to study each step 
separately, the samples were divided into smaller areas, one for each preparation step 
(see Figure 1). Further, process parameters (e.g. time and tools used) for each step 
were documented by the polishers to, if possible, link surface topography to process 
parameters. A reduced version of the preparation sequences is presented in Table 2.  

 

Figure 1: An example of how the samples were divided; the number of steps, and so 
the distribution of the surface area differed between the polishers. The upper left area 
is the initial surface, no. 1 to 11 the different preparation steps. 

Surface evaluation 

To be able to measure and examine the surfaces in detail, a Phase Shift Technology 
MicroXam1 optical interferometer with a quoted vertical resolution up to 0.1 nm and a 
sampling of 1 µm was used. Surface analyses were made in MountainsMap Premium2; 
all analyses were based on measurements in the magnification of 100 (approx. 
measurement area: 800x600 µm). The 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. Only the Sq value (Root-mean-square deviation of 
the surface [nm]) is presented in this paper, even though other parameters were used 
in the analyses. Visual estimations of the samples were performed by the polishers to 
comment on surface qualities as well as their polishing procedures.  
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Polisher  Steel grade  Step Technique  Tool  Abrasives  Prep. time [min] 

A All 

1-3 Hand-polish  Stone 320-600   18 

4-6 Hand-polish  Paper 400-800   4 (Elmax 6) 

7-10 Hand-held unit  Brass/wood/hard felt  Diamond paste 9-3 um  9 (Elmax 7) 

11 Hand-polish Cotton Diamond paste 1 um  1 

B All 

1-3 Hand-held unit Paper P240-1200   
25 (Unimax 49; 

Elmax 37) 

4 Hand-held unit  Plastic film Diamond  6 um  5 

5-6 Hand-held unit Hard/soft fibre cloth Diamond paste 3-1 um  3 

C 

Unimax  

1 Ground     No info 

2-4 Hand-polish Paper 320-1500   

Hours  5-6 Hand-polish Acryl Diamond fluid 6-3 um 

7 Hand-polish  Cotton Diamond fluid 3 um  

Stavax ESR 

1 Ground     No info 

2-6 Hand-polish Paper 220-1000   

Hours  
7-10 Hand-polish Acryl  Diamond fluid 15-3 um  

11 Hand-polish Plastic Diamond fluid 3 um  

12 Hand-polish Acryl/cotton Diamond fluid 1 um  

Mirrax ESR 

1 Ground     No info 

2-6 Hand-polish Paper 320-1500   

Hours  7-9 Hand-polish Acryl Diamond fluid 9-3 um  

10 Hand-polish Cotton Diamond fluid 1 um  

Elmax  

1 Ground     No info 

2-4 Hand-held unit Stone 320-600   

Hours  

5 Hand-polish Paper 500   

6 Hand-polish Acryl Diamond fluid 15 um  

7-11 Hand-held unit Brass/acryl Diamond fluid 15-3 um  

12 Hand-polish  Cotton  Diamond fluid 1 um  

D 

Elmax,  

Unimax  

1 Ground     No info 

2-3 Hand-held unit  Stone 320-500   45 

4-5 Hand-held unit  Plastic Diamond fluid 9-6 um  30 

6 Hand-held unit Felt Diamond fluid 3 um  15 

Stavax ESR, 

Mirrax ESR 

1 Ground     No info 

2-3 Hand-held unit 
Stone 400-600 
(Mirrax 320-500) 

  45 

4-7 Hand-polish Paper 500-1500   60 

8-9 Hand-polish Plastic Diamond fluid 6-3 um  30 

10 Hand-held unit Felt  Diamond fluid 3 um  10 sek 

Table 2: Summary of the surface preparation procedures documented by the polishers.   

3. Results and discussion 

First of all it should be kept in mind that the specification regarding the final surface 
quality was interpreted differently by the polishers (discussed in 7), resulting in different 
final goals with their surface preparation. This shows, again (see also 10 and 11), that a 
common vocabulary and better descriptions of surface qualities are needed for high 
gloss applications in order to avoid misunderstandings.  



3.1 Surface preparation 

Even though polishing guidelines are 
Rezepte’12 (i.e. no recipes exist for high gloss polishing
propose 2-3 steps with stones and 3
ground surfaces, generally speaking
study (summarised in Table 2), 
the stone steps. Then, after 3
paste/fluid on some kind of carrier
any marks from previous 
themselves) before continuing with the next
the surface. Using stones and papers with gradually falling abrasive sizes
better final qualities than only 2
stone/paper, it seemed to be crucial to spend time on those first coarse steps
compared to the time spent on finer steps (long polishing time with soft carriers and 
fine abrasives often lead to the formati

It was also noticed that a ‘several
the final surface qualities are represented by the Sq value. The 
the maximum and minimum Sq value for respective sample, showing that the more 
steps used, the better the surface quality
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Figure 2: The Sq value vs. the number of steps showing the advantage of using a 
several-step strategy – the more steps used, the lower the Sq value. Also the 
between maximum and minimum value (represented by the bars) indicates a better 
surface quality; smaller gap often means less surface defects. 

Another question is if it is 
polishing sequence. Based on the results from this study, the answer is simply yes 

Even though polishing guidelines are rare – ‘Für die Hochglanzpolitur … gibt es keine 
recipes exist for high gloss polishing) – existing ones 

3 steps with stones and 3-4 steps with diamond paste on felt/cloth
, generally speaking. Comparing that strategy to the ones used in this 

in Table 2), most often sand paper steps were used instead or after 
the stone steps. Then, after 3-6 stone/paper steps, they started with diamond 

on some kind of carriers. One reason could be the importance to remove 
marks from previous preparation steps (also emphasised by the polishers 

before continuing with the next step without adding new deep marks 
the surface. Using stones and papers with gradually falling abrasive sizes

only 2-3 steps with stones. And, regardless
stone/paper, it seemed to be crucial to spend time on those first coarse steps
compared to the time spent on finer steps (long polishing time with soft carriers and 

the formation of surface defects, e.g. 13-15).
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polisher A who spent the least time on the samples; 32 minutes and 10 steps per 

The Sq value vs. the number of steps showing the advantage of using a 
the more steps used, the lower the Sq value. Also the 

between maximum and minimum value (represented by the bars) indicates a better 
gap often means less surface defects.  

Another question is if it is possible to reach good surface qualities
polishing sequence. Based on the results from this study, the answer is simply yes 

Für die Hochglanzpolitur … gibt es keine 
existing ones (e.g. 8,12-13) 

4 steps with diamond paste on felt/cloth for 
Comparing that strategy to the ones used in this 

most often sand paper steps were used instead or after 
they started with diamond 

One reason could be the importance to remove 
also emphasised by the polishers 

without adding new deep marks to 
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The Sq value vs. the number of steps showing the advantage of using a 
the more steps used, the lower the Sq value. Also the span 

between maximum and minimum value (represented by the bars) indicates a better 

surface qualities using the same 
polishing sequence. Based on the results from this study, the answer is simply yes - as 



long as ‘a proper’ sequence is chosen.
combination of a by the polisher well known sequence in combination with smaller 
changes in time and/or pressure, and polishing direction (not included in this study). 

3.2 Surface analysis – step-

Studies of how roughness parameter values (e.g. the Sq value) change between 
process steps give a general overview of the surface quality. Figure 3 shows an 
expected decrease in surface roughness, 
questioned – do they really
initial surface (0 on the x-axis)
ground in-house before starting with the polishing process
samples and so get ‘new’ initial surfaces (step 1 in this case
slightly rougher than the initial surface
step seems to increase surface roughness. 
to pitting in the surface, which was detected in the 3D images (see Figure 4). 

Figure 3: The Sq value vs. the number of steps (0 = the initial surface) for sample: 
Polisher C Mirrax ESR; the right graph is a ‘zoom in’
bars indicate the maximum and minimum value for respective step. 

The 3D images of the samples (
information about the surface topography, which also gave rise to new questions. 

- Step 2 significantly decrease
removed.  Step 3-5 further improve

- The roughness level on step 6 is within the border where the measurement technique 
used reaches its limitation in the white light mode
shift mode. However, the surface roughness seemed to be a littl
phase shift, so the measurement data might include false surface structures. This 
might also be part of the explanation to the rather large reduction in surface roughness 
from step 6 to 7... 

- ...which also could be due to the chang
7). Further, Polisher C is the only one in this study that used several steps of dry 
preparation (step 2-6), a fact that is not thoroughly investigated in this study. 

- step 8 and 9 are similar; both show a 
images) and smaller defects can be found 
clearly seen in the last step. 

long as ‘a proper’ sequence is chosen. But, what is ‘a proper’ sequence?
combination of a by the polisher well known sequence in combination with smaller 
changes in time and/or pressure, and polishing direction (not included in this study). 

-by-step 

Studies of how roughness parameter values (e.g. the Sq value) change between 
process steps give a general overview of the surface quality. Figure 3 shows an 

surface roughness, even though some steps could be 
do they really improve the surface quality? The difference between the 

axis) and step 1 for polisher C is due to that all samples 
before starting with the polishing process; i.e. they re

initial surfaces (step 1 in this case, which is measured to be 
the initial surface) to secure the initial surface quality. And, the last 

step seems to increase surface roughness. In fact the increase of the Sq value is due 
in the surface, which was detected in the 3D images (see Figure 4). 

Figure 3: The Sq value vs. the number of steps (0 = the initial surface) for sample: 
Polisher C Mirrax ESR; the right graph is a ‘zoom in’ showing the last steps. The error 
bars indicate the maximum and minimum value for respective step.  

The 3D images of the samples (the analysis is based on Figure 4) gave more detailed 
information about the surface topography, which also gave rise to new questions. 

tep 2 significantly decreased the surface roughness and deeper
5 further improved the surface, mainly due to less deeper grooves. 

he roughness level on step 6 is within the border where the measurement technique 
in the white light mode, and should be shifted to its phase 

shift mode. However, the surface roughness seemed to be a little bit too rough for the 
phase shift, so the measurement data might include false surface structures. This 
might also be part of the explanation to the rather large reduction in surface roughness 

...which also could be due to the change from papers to acryl/diamond fluid
7). Further, Polisher C is the only one in this study that used several steps of dry 

6), a fact that is not thoroughly investigated in this study. 

step 8 and 9 are similar; both show a waviness structure (removed by filters in the 
images) and smaller defects can be found – probably the start of pitting, which is 
clearly seen in the last step.  

what is ‘a proper’ sequence? Probably a 
combination of a by the polisher well known sequence in combination with smaller 
changes in time and/or pressure, and polishing direction (not included in this study).  

Studies of how roughness parameter values (e.g. the Sq value) change between 
process steps give a general overview of the surface quality. Figure 3 shows an 

even though some steps could be 
improve the surface quality? The difference between the 

and step 1 for polisher C is due to that all samples were 
; i.e. they reground all 

, which is measured to be 
secure the initial surface quality. And, the last 

In fact the increase of the Sq value is due 
in the surface, which was detected in the 3D images (see Figure 4).  

 

Figure 3: The Sq value vs. the number of steps (0 = the initial surface) for sample: 
showing the last steps. The error 

Figure 4) gave more detailed 
information about the surface topography, which also gave rise to new questions.   

deeper grooves were 
ss deeper grooves.  
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e bit too rough for the 
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might also be part of the explanation to the rather large reduction in surface roughness 

from papers to acryl/diamond fluid (step 6 to 
7). Further, Polisher C is the only one in this study that used several steps of dry 

6), a fact that is not thoroughly investigated in this study.  

waviness structure (removed by filters in the 
probably the start of pitting, which is 



Figure 4: Images and profiles (perpendicular to the grooves) for each step of the Mirrax
ESR sample polished by Polisher C. 

Images and profiles (perpendicular to the grooves) for each step of the Mirrax
ESR sample polished by Polisher C. Step 1-6: white light; Step 7-10: phase shift.

 

Images and profiles (perpendicular to the grooves) for each step of the Mirrax 
10: phase shift. 



The sample discussed above was not the only one that had a tendency to pitting in the 
last steps; some samples prepared by Polisher A and D shown the same. Polisher B, 
who used fewer steps and more coarse papers did not eliminate the deeper grooves 
before starting with diamond paste, which ended up in low quality surfaces. If it is a 
matter of the choice of tools or e.g. the time and pressure needs to be further 
investigated. ‘Smaller islands’ could be detected on sample: Polisher A Elmax, step 10, 
which could be the beginning of a formation of orange peel; too long polishing time with 
soft carriers can cause orange peel (noted by the polisher himself). And, since ‘the 
islands’ are detected after the introduction of softer carriers it is likely to be so.  

3.3 Final surface quality 

Polisher A produced homogeneous surfaces with low defect levels. Only smaller 
differences were detected by the interferometer – Stavax ESR seemed to include 
minimum pitting and Elmax seemed to be slightly over-polished (see above). Polisher 
B delivered comparably low quality surfaces; scratches, holes, pitting and a waviness 
structure were detected on most samples. The samples prepared by polisher C and D 
had various surface qualities; some contained scratches, holes and pitting, while 
others were really good (especially the Elmax sample prepared by Polisher C).  

A suggested surface analysis method for high gloss polished tool steels, discussed in 

17, showed that all samples did not reach sufficient surface quality. Visual estimations 
performed by the polishers themselves correlated well with these results, while 
calculated R values did not, which has to do with the inability to capture anisotropy and 
small defects like pitting with 2D parameters.  

4. Conclusion 

Based on the results in this study, the guidelines for high gloss polishing of tool steels 
should be as follow (assuming a ground initial surface): 

1. Use polishing stones and/or papers to remove deeper grooves and other marks 
from previous preparation steps (0.05-0.1 min/cm2 seemed to be enough). 

2. Use diamond fluid/paste on the type of carrier that suites you; the smaller the grain 
size, the softer the tool – be careful with too soft tools.  

3. Use cotton and diamond fluid/paste (1 µm) for the last step to improve the gloss – 
time in seconds! 

Finally, use the ‘several-step’ principle with gradually finer abrasives and as short 
polishing times as possible - the finer the abrasives, the shorter the polishing time 
should be. 

Future on-going and planned studies developing the roughness analysis techniques for 
polished surfaces, and comparisons with automated polishing will add important 
knowledge of the polishing process and its potential in modern manufacturing.  
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