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ABSTRACT: The last decades highlighted the significant development of the nonconventional technologies. Within the 
manufacturing processes, those based on phenomena distinct in comparison with the so-called classical machining processes were 
grouped under the name of nonconventional or non-traditional processes. In the paper, some controversial aspects concerning the use 
of the attribute of nonconventional or non-traditional are discussed. The analysis of the prognosis concerning the evolution of 
nonconventional technologies was taken into consideration on the bases of information found in the specialty literature. Some 
tendencies able to generally affect the evolution of the manufacturing processes could be found also in the case of nonconventional 
machining processes. As a new group of nonconventional machining processes, the biological machining could be considered. 
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1. CURRENT INTERPRETATIONS AND 
CONTROVERSIONS CONCERNING THE 
CONCEPT OF NONCONVENTIONAL 
TECHNOLOGIES 

The last decades highlighted the extension of a 
group of manufacturing technologies which were 
sometimes grouped under the general name of “non-
conventional technologies”; we could mention that 
other name for these technologies was “non-
traditional technologies”. 

Over the years, but also at present, there are some 
controversies concerning the definition of the 
nonconventional technologies and the technologies 
able to be included in this group. 

In Romania, one of the main research structure in 
the field of nonconventional technologies appeared 
in the former “Traian Vuia” Polytechnic Institute of 
Timişoara and it was initially coordinated by the 
professor Aurel Nanu. A definition of the 
nonconventional technologies in accordance with the 
opinion expressed by the professor Aurel Nanu 
shows that the nonconventional technologies are 
based on increasing the energy available in the work 
zone, by different ways, so that either a traditional 
machining process develops under better conditions, 
or the machining process develops on new 
principles, fundamentally different in comparison 
with the basic principle of traditional machining 
process, in which the material removal is based 
mainly on the principle of material plastic 
deformation). One accept to include in the larger 
group of nonconventional machining technologies 
the machining technologies based on electrical 

discharges processes, electrochemical processes, 
chemical processes, plasma and ion beam processes, 
ultrasonic processes, laser beam processes, electron 
beam processes [1, 3, 7, 11]. In the last decades, 
other machining processes were also included in this 
group: water jet machining, abrasive water jet 
machining, magnetic abrasive machining etc.  

One can show that other definition, proposed by 
some American researchers [16] consider the non-
traditional technologies as being characterized by 
two essential aspects: a) Processes based on a non-
traditional mechanism of interaction between the 
tool and the workpiece; b) Non-traditional media are 
used in order to achieve the transfer of energy from 
tool  to workpiece. 

The attribute of “nonconventional” or “non-
traditional” is used in the name of the discussed 
technologies in other languages of international 
circulation: procédés non conventionnels de 
fabrication (French), lavorazioni non convenzionali 
(Italian), processos não convencionais de 
manufactura (Portuguese), procesos de fabricación 
no convencionales, procesos de mecanizado no 
convencional or maquinado no tradicional (Spanish) 
and inclusively in Romanian language (tehnologii 
neconvenţionale).  

The main objection expressed sometimes to the use 
of the words “nonconventional” or “non-traditional” 
to name this group of technologies refers to the fact 
that any new or improved technology could be 
considered, in its first period of use, as a 
nonconventional/non-traditional technology; over a 
certain time, these technologies are largely applied 
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and they could not be considered as 
“nonconventional” or “non-traditional” anymore.    

Maybe this was the reason that within the strong 
structure for coordination of the research in the field 
of manufacturing process named CIRP, the scientific 
Technical Committees STC “E”, with 
preoccupations in the field of nonconventional 
technologies, has the title “Electro-Physical and 
Chemical Processes”.  

One can show that there is also used the concept of 
“electromachining” with the significance of 
application of electric or ultrasonic energy to a 
workpiece, in order to generate a process of material 
removal from workpiece; for many years, this word 
was used in the title of a prestigious scientific 
triennial event in the field of nonconventional 
machining processes (International Symposium for 
Electromachining, ISEM). From 2013, the STC-E 
decided to maintain the acronym ISEM, but to use 
the title “CIRP Conference on Electro Physical and 
Chemical Machining”, in order to clearly define the 
field of these machining processes [6].  

Similar names are also used in other languages of 
international circulation [11]: usinages physico-
chimiques (French), химические и 
электрофизические методы обработки - 
chimicheskie i elektrofizicheskie metody obrabotki 
(Russian) and, in Romanian language, procedee 
electrofizice şi electrochimice de prelucrare, 
tehnologii electrice or electrotehnologii.  

When some nonconventional subtractive 
manufacturing technologies are addressed, 
sometimes the concepts of machining by erosion 
(English), usinage par erosion (French), 
maquinagem por erosão (Portuguese), mecanizado 
por erosión (Spanish), Abtragen (German), 
prelucrare prin eroziune (Romanian) could be met. 

One can mention also that in distinct research 
centers, other more or less adequate names were 
preferred when referring to the nonconventional 
machining processes or technologies: 
electrotechnologies, alternative machining methods, 
modern machining methods,  advanced machining 
methods and, of course, electrophysical and 
chemical machining methods etc.  

2. PREVIOUS PROGNOSIS  CONCERNING 
THE DEVELOPMENT OF 
NONCONVENTIONAL TECHNOLOGIES 

It is well known the so-called Delphi investigation, 
consisting in a repeated questioning the participants 
about a certain problem. In accordance with such a 
Delphi investigation developed in 1970-1971 at the 

initiative of the international organization CIRP 
[14], the following prognosis concerning the 
development of some non-conventional technologies 
were formulated: 

a) 1975 (variation domain: 1975-1980): on the 
previous finished surfaces, layers of material 
characterized by a high wear resistance will be 
applied by means of plasma beam or laser beam;  

b) 1980 (1980-1985): laser beam machining will 
exceed, as importance, the electron beam machining; 

c) 1985: tool electrodes for electrical discharge 
machining and electrochemical machining will be 
designed by means of adequate software; 

d) 1990: workpieces made of abrasive and fibber 
materials will be machined by means of high speed 
liquid jet; 

e) After 2000: new physical – chemical machining 
processes able to ensure a material removal rate 
higher than that corresponding to the cutting will be 
developed; 

f) After 2050: a completely new machining process 
will appear, able to determine the part shape, but 
without affecting the part from mechanical, thermal 
or chemical point of view.  

As one can see, almost all the prognosis valid up to 
now were fulfilled; we could discuss about the new 
physical-chemical machining process, but the 
specialists considered in 1970-1971 that after 2000 
such a process will be developed.  

We could also take into consideration a prognosis 
elaborated by the prestigious professor Aurel Nanu, 
in 1978 [8]; he expressed the opinion that in 2000, 
the materials characterized by a very low 
machinability will be processed only by 
nonconventional technologies, the materials having 
a reduced machinability will be processed by means 
of nonconventional technologies in a proportion of 
90 % and the common materials will be processed 
by nonconventional machining technologies in a 
proportion of 30 %. We could notice the principle 
validity of the prognosis formulated by the professor 
Aurel Nanu, with an exception for the case of the 
materials having a common machinability, for which 
the prices high yet of the equipment for 
nonconventional machining methods generated a 
real obstacle in their extension of use.  

In a new image concerning the perspectives of 
nonconventional technologies elaborated and 
published in 2011 [9], the professor Aurel Nanu 
showed that in the next 30 ... 50 years, about 60 ... 
80 % of the dimensional processing will be achieved 
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by nonconventional technologies; it is possible and 
expected that our continuators in the field of 
nonconventional machining technologies researches 
confirm this prognosis.  

3. REMARKS CONCERNING THE 
DEVELOPMENT OF 
NONCONVENTIONAL MACHINING 
PROCESSES IN THE LAST DECADES 

In order to evaluate the future of nonconventional 
machining technologies, one could take into 
consideration some analysis concerning the 
evolution of machining accuracy and tolerances. 
Thus, in accordance with an opinion expressed in 
1982, the Japanese professor Norio Taniguchi 
showed that along the period 1910-2000, the 
machining accuracy developed approximately in 
accordance with the curves presented in figure 1 
(after [13]). As one can see, almost totally the 

considered machining methods could be included in 
the larger group of nonconventional machining 
technologies, an exception being probably only a 
mechanical ultraprecision lapping process.   

But the nonconventional machining technologies are 
not used only in order to obtain high machining 
accuracy; it is known that the electrical discharge 
machining could ensure material removal rates of 
about 104 mm3/min, while the plasma beam 
machining allows obtaining higher yet material 
removal rate, of about 105 mm3/min and this could 
be considered as approximately equal to the highest 
material removal rates achieved by some cutting 
machining processes (rough milling).  

The evolution of the nonconventional machining 
technologies could be highlighted by considering the 
number of the equipments sold yearly, the number of 
delivered patents, the number of the published 
papers etc. In order to obtain a certain image 

 

 
Figure 1. Evolution of the machining accuracy, in accordance with the professor Taguchi’s opinion [13] expressed in 1982 

Table 1. Evolution of the delivered patent in the field of some nonconventional machining processes 
(in accordance with the information existing at espacenet.com) 

Year Machining 
process  1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

EDM 1943: 
1 

1 7 20 9 51 45 20 18 30 29 26 

ECM   3 11 8 15 23 37 12 20 25 15 
PBM, IBM   1966: 

1 
2 1 18 21 41 45 18 19 72 

LBM   1969: 
1 

0 1 1 17 56 73 112 221 186 

WJM     1976:2 1 2 13 9 12 18 36 
Abbreviations: EDM – electrical discharge machining, ECM – electrochemical machining, PBM –
plasma beam machining, IBM – ion beam machining, LBM – laser beam machining, WJM – water jet 
machining 
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concerning the evolution of some nonconventional 
machining technologies, we used the number of 
patents delivered yearly in some selected years [10]; 
the initial information can be seen in table 1 and a 
graphical representation corresponding to this 
information is presented in figure 2.  

The analysis of this information showed the 
increased interest directed to the laser machining 
method, which really knew a significant 
development and it is possible that this extending 
will continue in the next years/decades.  

The laser machining method proved a surprising 
flexibility; if initially only ruled surfaces could be 
obtained by means of this machining process (due to 
the rectilinear direction of the laser radiation), at 
present inclusively very complex surfaces could be 
obtained, for example by applying the so-called laser 
beam stereolithography.  

4. CURRENT DIRECTIONS OF 
MACHINING/MANUFACTURING 
TECHNOLOGIES DEVELOPMENT AND 
THE INCLUSION OF 
NONCONVENTIONAL TECHNOLOGIES 
IN THESE DIRECTIONS 

One may consider that the main characteristics of 
machining/manufacturing technologies evolutions 
[12] could be the following:  

1. The intensive use of information technology in 
manufacturing processes and in manufacturing 
systems; 

2. Higher interest on environment protection, 
imposing ecological requests specific to 
manufacturing processes and manufacturing 
systems; 

3. The increase of flexibility of the manufacturing 
processes and of the manufacturing systems; in a 
certain connection with this request, it is expected an 
extending of using reconfigurable manufacturing 
systems; 

4. An intense development of miniaturization 
materialized in processes of micromanufacturing and 
nanomanufacturing; 

5. A larger use of nonconventional machining and 
manufacturing processes and systems. 

In accordance with these main characteristics of the 
manufacturing technologies development, new 
concept and paradigms appeared: 

-  In the field of manufacturing management: tools 
and techniques of quality improvement, just-in-time 
manufacturing, lean manufacturing, agile 
manufacturing, manufacturing internationalization, 
global manufacturing, collaborative manufacturing, 
sustainable manufacturing,  kaizen blitz etc; 

- In the field of actual manufacturing processes: 
micromanufacturing, nanomanufacturing, additive 
manufacturing, multi-scale manufacturing, cellular 
manufacturing (as an application of the group 
technology), group technology, environment 
friendly manufacturing, green manufacturing, virtual 
manufacturing, remote manufacturing, digital 
manufacturing, knowledge based manufacturing, 
manufacturing excellence, one-of-a-kind 
manufacturing etc. 

5. NEW PROBLEMS AND MACHINING 
PROCESSES IN NONCONVENTIONAL 
MANUFACTURING TECHNOLOGIES 

Some of the general actual research subjects in the 
field of nonconventional machining technologies are 
the following:  

 

 
Figure 2. Graphical representation of the patents delivered in certain years, in the period 1960-2010, in the field of some 

nonconventional machining processes, on the bases of information included in table 1 
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- identification of new nonconventional machining 
processes and versions of the known 
nonconventional machining processes; 

- design and development of new or improved 
equipments for applying nonconventional machining 
processes; 

- optimization of the machining parameters specific 
to the nonconventional technologies; 

- improving and identifying technologies for 
machining of small surfaces (micro and 
nanomachining).  

One can discuss also the development of new 
categories of nonconventional machining 
technologies. If various criteria are considered (main 
phenomena found at their base, presence or the 
absence of some quantitative changes of the 
workpiece material, as a consequence of the 
applying certain manufacturing methods, type of the 
energy used especially during the manufacturing, 
state of work fluid, improving or not a classical 
machining method etc.) one can find as actual 
nonconventional manufacturing processes: 
manufacturing processes that use electrical 
discharges or other physical effects of the electric 
current, electrochemical manufacturing processes, 
chemical manufacturing processes, plasma and ion 
beam manufacturing processes, ultrasonic 
manufacturing processes, laser beam manufacturing 
processes, electron beam manufacturing processes, 
manufacturing processes with moving fluids, 
manufacturing processes that use magnetic field, 
hybrid manufacturing processes.  

In addition to the above mentioned manufacturing 
processes, as a new category of nonconventional 
manufacturing processes one can take into 
consideration the so-called biological machining. 
One knows that there are biological processes 
generally applied in order to obtain the food; the last 
decades highlighted the possibilities to apply 
biological processes in order to machine metallic or 
non-metallic parts used in machine building.  

Up to now, one can appreciate that, essentially, only 
physical and chemical machining processes were 
applied in order to remove material from the 
workpiece; such machining processes use 
mechanical, thermal, chemical, electrical energy 
directed to the work zone. 

The last decades highlighted also the possibilities to 
use microorganisms in order to generate a process of 
material removal from the workpiece; in this way, 
the so-called biological machining processes 

(biomachining processes or bacterial machining 
processes) were proposed.  

Until now, such microorganisms were 
Acidithiobacillus ferrooxidans (At. ferrooxidans) 
and Acidithiobacillus thiooxidans (At. thiooxidans, 
formerly Thiobacillus Ferrooxidans), 
Staphylococcus sp. and Aspergillus niger (A. niger). 
As workpiece materials, mild steel and pure copper 
were used [4, 15].  

As advantages of the biological machining, one can 
mention: 

- Possibilities to be applied for micro- and nano-
machining, since layers having thicknesses of 
nanometers could be affected by the machining 
process; 

- Very low forces (practically, negligible) are 
generated during the machining process and this 
means that the biological machining could be 
applied in the case of workpieces characterized by 
low stiffness; 

- The bacteria used in biomachining processes could 
be relatively easily acquired and they could be 
cultured; this means that they are a type of 
selfrenewing tools; 

- The energy necessary to initiate the process is 
relatively low; the energy is necessary only to ensure 
the conditions to keep the bacteria alive; 

- The machining process could be appreciated as 
ecological (environmentally benign);  

- The researches showed that it is possible to replace 
the chemical machining (etching) of the cooper by 
using ferric chloride (FeCl3) with a biomachining 
process. The researchers appreciate that there are 
potential applications of biomachining in replacing 
also the chemical etching of copper in 
semiconductor and MEMS manufacturing [4].  

The main factors able to affect the results of the 
biomachining process (material removal rate, 
surface roughness) seem to be bacterial 
concentration, process temperature, pH of the work 
liquid, machining process duration, chemical 
composition of the workpiece material etc. 

On the other hand, one can take into consideration 
that the natural degradation of the some plastics is 
similar to the material removal process at a 
molecular scale; on this base, Kaneeda et al. [5] 
proposed a biochemical machining process of 
biodegradable plastics using enzyme. 

In the case of steels, the machining process is based 
on the iron oxidation; for example, the bacteria 
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Acidithiobacillus ferrooxidans change Fe2+  in Fe3+, 
when pH=2 ...2.5 and the generated Fe3+ 
precipitates. The chemical reaction specific to such a 
process corresponds (Lees, cited in [2]) could be the 
following: 

 2
3

2
2

2
1

4
1 HFeOHFe +→++ +++               (1) 

In the case of copper, the bacteria Acidithiobacillus 
ferrooxidans determines the generation of copper 
sulfate that can be recuperated.   

6. CONCLUSIONS 
Essentially, the nonconventional technologies are 
based on new/distinct solutions and energy applied 
in the work zone in order to change the workpiece 
shape and workpiece material properties. There are 
some controversial aspects derived from the use of 
the attribute “nonconventional” in the name of group 
of nonconventional technologies. Over the last 
decades, some nonconventional technologies 
developed faster than other classical or even 
nonconventional technologies. More than 40 years 
ago, a prognosis was elaborated in order to show 
how the nonconventional technologies will develop; 
many of the previsions were fulfilled. The pressure 
exerted by the society evolution needed an intense 
development of the manufacturing technologies and 
the nonconventional technologies registered a high 
growth rate; it is expected that this growth will 
continue also in the next decades. The evolution of 
the number of patents concerning aspects of 
nonconventional technologies could offer an image 
about the interest directed to certain 
nonconventional technologies. The biological 
machining, based on the use of bacteria in order to 
remove material from workpiece could be taken into 
consideration as a nonconventional machining 
method. 
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