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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 28th CIRP Design Conference 2018. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 

Procedia CIRP 77 (2018) 139–142

2212-8271 © 2018 The Authors.  Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)
Selection and peer-review under responsibility of the International Scientific Committee of the 8th CIRP Conference on High Performance Cutting 
(HPC 2018).
10.1016/j.procir.2018.08.254

© 2018 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)
Selection and peer-review under responsibility of the International Scientific Committee of the 8th CIRP Conference on High Performance 
Cutting (HPC 2018).

 

Available online at www.sciencedirect.com 

ScienceDirect 
Procedia CIRP 00 (2018) 000–000 

  
     www.elsevier.com/locate/procedia 
   

 

 

 

2212-8271 © 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/) 
Peer-review under responsibility of the International Scientific Committee of the 8th CIRP Conference on High Performance Cutting (HPC 2018).. 

8th CIRP Conference on High Performance Cutting (HPC 2018) 

Granite polishing: Effects of polishing parameters and tool paths  
on part quality and dust emission 

 Victor Songmene*, Alban Miazza, Mohamed Amine Hechmi, Oluwole Ayodeji Olufayo and Jules Kouam 
 Department of Mechanical Engineering,  École de Technologie Supérieure, ÉTS, 1100 Notre-Dame St. West, Montréal (QC), Canada 

* Corresponding author. Tel.: +1-514-396-8869; fax: +1-514-396-8530. E-mail address: victor.songmene@etsmtl.ca 

Abstract 

Machining is necessary to shape parts but it is also an important source of pollution (such as dust and aerosols) and this 
constitutes hazards for machine-tools operators. The emission of dust depends on machining conditions, processes, 
tooling, and machining strategies.  The shop floor air quality is thus of great concern when shaping dusty materials such 
as granite as this process generates harmful dusts. In recent times, the occupational health and safety regulations have 
become more severe.  On the 24th of March 2016, the US department of Labor’s, occupational Safety and Health 
Administration (OSHA) announced the reduction of the exposure limit for inhalable crystalline silica dust by half. To 
quickly comply with these new regulations, engineers and researchers must help industries in developing strategies to 
limit workers risk of exposure to the silica. This paper investigates the emission of fine and ultrafine particle emission 
when polishing granite as a function of machining conditions and parameters.  The main goal is to determine machining 
conditions leading to less dust emission while maintaining acceptable part quality and productivity. 
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1. Introduction 

The main purpose of hard stones polishing is to improve 
the part surface quality, form and dimensional accuracies.  For 
this task, different combinations of abrasives, spindle and 
travel speeds and tool path are used. The machining of hard 
stones, due to the crystalline silica (SiO2) that it generates, is 
being pointed out as a source of occupational diseases such 
as: silicosis, lung cancer and other respiratory diseases [1-5]. 
As a consequence, in March 2016, the United States of 
America reduced the maximum exposure limit for respirable 
silica dust by more than half of it current value [2]. It is now 
50 g/m3 for an eight hour working shift. This revision was 
also the result of the following [6]: (i) more evidence that old 
exposure limits did not adequately protect workers; and ii) 
evidence that exposures to SiO2 below 100g/m3 caused 

silicosis and cancers. The emission and size distribution of 
dust generated during granite polishing depends on machining 
operation, parameters, materials and abrasive tools used [7].  
It is thus critical to found solutions for limiting workers 
exposure to these harmful particles.  The use of water in 
minimum quantity lubrication (MQL) mode was found to be 
effective in reducing fine particles in the air during semi-wet 
polishing of granite, but not ultrafine particles [8]. 

The purpose of the current article is to study the part 
quality, and the fine and ultrafine particles emission during 
polishing of granite materials, in relation to the machining 
conditions, abrasive tools grits sizes and tool path used. The 
work is intended to provide information for limiting the dust 
emission at the source while improving the part quality and 
the productivity. 
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The main purpose of hard stones polishing is to improve 
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2. Experimental procedure 

The polishing was conducted in a closed CNC milling 
machine (28,000 rpm capacity), allowing the dust sampling to 
be carried out in a closed environment. Polluted air in the 
machine was sucked into the particle measurement system 
through a 10 mm diameter polyester tube (back tube in Fig. 
1b). The tube, about 305 mm long, is kept up straight to 
minimize sucked particles. The polishing tool (Fig. 1a and c) 
was a 50.8 mm diameter diamond abrasives tool mounted on a 
rigid tool holder. The polishing conditions are listed in Table 
1. Fine particle (FP) emissions were measured using an APS 
(Aerosol Particle Sizer,) capable of sampling particle size 
ranging from 0.5 to 20 m. Ultrafine particle (UFP) emissions 
were measured using an SMPS (Scanning Mobility Particle 
Sizer), equipped with a nano DMA (Differential Mobility 
Analyzer), Fig. 1d.  This system can measure particle size 
ranging from 7 to 300 nm. The workpiece materials used were 
two granites: black (12% Si) and white (52% Si), [9]. 

 

 
a) Polishing tool 

 
b) Dust sampling position 

 

 
c) Abrasive tool 

geometry  
d) SMPS measuring device 

Fig. 1: Experimental setup & equipment. 
 
Table 1: Polishing conditions 

Abrasives grit sizes 45-1800 
Feed rates:  
Vt (mm/min)  254-2032 

Spindle speed:  
Vs (rpm) 

250 - 2000 
 

Polishing tool diameter 50.8 mm (2.0 in) 
dust sampling distance  1.9 mm  (0.75 in) 

3. Results and Discussions 

3.1 Chips and particle morphology and Si content 

Fig. 3 presents the analysis of the percentage of silicon in 
black and white granites during dry polishing. It revealed that 
the dust collected during the polishing of white granite 
contains more silicon than the one collected when polishing 
the black granite.  This result can be explained by the fact that 
the white granite contains 40% more silicon than the black 
granite [9]. This high amount of silicon in white granite dust 
can be also explained by the presence of quartz within white 

granite (quartz 41%) compared to black granite which 
contains no quartz, [8]. Fig. 2 presents the SEM morphology 
images of the particles obtained when polishing black and 
white granites at different speeds. The effect of the polishing 
speeds tested on particles shapes was not significant; however, 
particles are more agglomerated with an increase in the 
polishing speed for black granite as compared to white granite. 
This observation could be due to their mechanical property 
difference, as well as to the fact that white granite contains 
more abrasive Si particles than black granite.  
 

Speeds White granite Black granite 
 
500  
rpm 

  
 
 
1000 
 rpm 

  

Fig. 2: SEM images of particles obtained during polishing 
(Feed rate: 508 mm/min; tool grit size: 60; pressure:0.2 bar) 

 
 

Fig. 3: SEM analysis of Si-
content of granite dust as a 
function of the particle size: (1000 
rpm; Grit size: 45); [8]. 

Fig. 4: Variation of Si-content 
of particle obtained at different 
polishing speeds (white granite; 
Vt:8.4 mm/s; Abrasive grid size: 60) 

 
For a given polishing process combining rotation and 

translation of the polishing tool, the particle morphology did 
not vary with the polishing speed (Fig. 2).  However, the 
composition of the emitted dust and especially its Si-content 
varied with the dust particle size (Fig. 3) and the cutting speed 
used (Fig. 4). Using high polishing speeds thus lowers the 
concentration of Si within the dust, but the total number of 
dust particle emitted might increase (Fig. 11). The effect of 
feed rate on Si-content was similar to that of the speed. 

3.2 Effects of feed rate, spindle speed and abrasive grit sizes 
on Part surface finish 

Figs 5-7 display the evolution of the Ra-values and Rt-
values as a function of abrasive grit sizes (Fig. 5), polishing 
speed (Fig. 6) and feed rate (Fig. 7). Higher speeds, higher 
feed rates and higher abrasive grit sizes all led to better 
surface finishes. The use of the high speeds and feed rates also 
means that higher productivity is achieved.  
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Fig. 5: Evolution of Ra and Rt as a function of the abrasive grit size 
(Vs: 1000 rpm; Vt: 508 mm/min) 
 

 
Fig. 6: Ra-values as a function of polishing speed   
(Vt: 508 mm/min; Abrasive grit 60)  

 

 
Fig. 7: Ra-values as a function of the feed rate (Vs: 1000 rpm; 
Abrasive grit 60) 

3.3 Effects of feed rate, spindle speeed and abrasive grit sizes 
on Fine particles (FP) emission 

The number concentration of the particle emitted increased 
with the abrasive grit sizes during roughing operations and 
was quite constant in finishing operations using large grit sizes 
(Fig. 8). This is in good agreement with observations made by 
Saidi et al. [7] who observed that during roughing operations, 
the chip formation by brittle fracture leads to a high amount of 
fine particle. 

Higher feed rates leads to the emission of lower quantity of 
fine and ultrafine particles (Figs. 9-10) while the use of higher 
spindle speeds led to the high emission of dust (fine and 
ultrafine) particles, Fig. 11.  Since the abrasive tools are made 
of multiple individual grits randomly distributed on the tool 
surface, with each experiencing a different cutting speed, thus 
the use of higher feed rates should be recommended.  

 
Fig. 8. Fine particle emission when polishing black granite as a 
function of the abrasive grit size (Vs: 1000 rpm; Vt: 508 mm/min) 

 
Fig. 9: Particle emission when polishing black granite as a 
function of the feed rate (Vs: 1000 rpm; Abrasive grit size: 60) 
 

 
Fig. 10: Effect feed rate on Fine and ultrafine particle number 
concentrations 

 
Fig. 11 Effects of polishing speed on fine and ultrafine particle 
number concentrations 

3.4 Effects of tool path on Fine particles (FP) emission 

Three tool paths were tested: linear and arcs (Fig. 12) and a 
spiral tool path starting at the center of the workpiece.  The 
tool path tests were conducted under the following conditions:  
workpiece: white granite; abrasives: Grit80; Vs : 1000 rpm; 
Vt: 508 mm/min. 

 
Fig. 12: Schematic representation of linear and Arc tool paths  

The linear tool path generated surface finish with higher 
Ra-value (Fig. 13) and high amount of fine particle emission 
as compared to the arc and spiral tool paths (Figs 14 and 16). 
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For a given polishing process combining rotation and 

translation of the polishing tool, the particle morphology did 
not vary with the polishing speed (Fig. 2).  However, the 
composition of the emitted dust and especially its Si-content 
varied with the dust particle size (Fig. 3) and the cutting speed 
used (Fig. 4). Using high polishing speeds thus lowers the 
concentration of Si within the dust, but the total number of 
dust particle emitted might increase (Fig. 11). The effect of 
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Figs 5-7 display the evolution of the Ra-values and Rt-
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Fig. 5: Evolution of Ra and Rt as a function of the abrasive grit size 
(Vs: 1000 rpm; Vt: 508 mm/min) 
 

 
Fig. 6: Ra-values as a function of polishing speed   
(Vt: 508 mm/min; Abrasive grit 60)  

 

 
Fig. 7: Ra-values as a function of the feed rate (Vs: 1000 rpm; 
Abrasive grit 60) 

3.3 Effects of feed rate, spindle speeed and abrasive grit sizes 
on Fine particles (FP) emission 

The number concentration of the particle emitted increased 
with the abrasive grit sizes during roughing operations and 
was quite constant in finishing operations using large grit sizes 
(Fig. 8). This is in good agreement with observations made by 
Saidi et al. [7] who observed that during roughing operations, 
the chip formation by brittle fracture leads to a high amount of 
fine particle. 

Higher feed rates leads to the emission of lower quantity of 
fine and ultrafine particles (Figs. 9-10) while the use of higher 
spindle speeds led to the high emission of dust (fine and 
ultrafine) particles, Fig. 11.  Since the abrasive tools are made 
of multiple individual grits randomly distributed on the tool 
surface, with each experiencing a different cutting speed, thus 
the use of higher feed rates should be recommended.  

 
Fig. 8. Fine particle emission when polishing black granite as a 
function of the abrasive grit size (Vs: 1000 rpm; Vt: 508 mm/min) 

 
Fig. 9: Particle emission when polishing black granite as a 
function of the feed rate (Vs: 1000 rpm; Abrasive grit size: 60) 
 

 
Fig. 10: Effect feed rate on Fine and ultrafine particle number 
concentrations 

 
Fig. 11 Effects of polishing speed on fine and ultrafine particle 
number concentrations 

3.4 Effects of tool path on Fine particles (FP) emission 

Three tool paths were tested: linear and arcs (Fig. 12) and a 
spiral tool path starting at the center of the workpiece.  The 
tool path tests were conducted under the following conditions:  
workpiece: white granite; abrasives: Grit80; Vs : 1000 rpm; 
Vt: 508 mm/min. 

 
Fig. 12: Schematic representation of linear and Arc tool paths  

The linear tool path generated surface finish with higher 
Ra-value (Fig. 13) and high amount of fine particle emission 
as compared to the arc and spiral tool paths (Figs 14 and 16). 
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This can be explained by number of abrasives passing at a 
given spot.  The spiral tool path generated more ultrafine 
particles (results of fine chip load and crushing action on 
particles trapped between the tool and the workpiece)  
than other tool paths (Fig. 15) but low fine particle (Fig.14).  

 

 

 
Fig. 13: Effects of tool paths on surface roughness profiles  
 

 
Fig. 14: Effects of tool paths on fine particle emission and 
distribution  
 

 
Fig. 15: Effects of tool paths on ultrafine particle emission and 

distribution 

 
Fig. 16: Comparative effects of tool path on cycle time, cutting 
forces, part surface quality and on particle emission.  

Conclusions 
This work was aimed at studying the effects of the 

polishing conditions (abrasives grit sizes, polishing speed, 
feed rate and tool path strategy) on part quality and on dust 
emission.  The following concluding remarks can be drawn: 

 Polishing conditions (feed rate, spindle speed) and 
tool path strategy can be used to reduce the dust emission to 
some extent while maintaining the part quality and the 
productivity at acceptable levels. Higher feed rates and higher 
polishing speeds led to better surface finishes. 

 In general, the tested tool paths did not change the 
particle size distributions; fine particles (0.5-4.5 m) and 
ultrafine particles (3-100 nm) were both detected. 

 The spiral tool path improved the part surface finish 
and reduced the fine dust emission but did increase the 
emission of ultrafine particles; The reduction of particle 
emission was about 43% to 90% depending on the type of 
particle considered, but the residual number of particle were 
still high (about 200 ppc for fine particles and 5000-6000 ppc 
for ultrafine particles). Polishing conditions optimisation 
should be conducted and alternative methods for removing 
these particles from the machine-tools should be investigated. 
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