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ABSTRACT: The abrasive jet machining is a machining method based on the effects of the fine abrasive particles transported and 
directed to the workpiece surface by means of compressed air jet. When the dimensions of the machined surface are lower than one 
millimeter, the abrasive jet machining could be included in the group of micromachining processes. In the laboratory of non-
conventional machining technologies from the “Gheorghe Asachi” Technical University of Iaşi – Romania, the problem of 
modifying a sandblasting gun in order to achieve abrasive machining processes with thinner abrasive jets was formulated. The study 
of the solutions corresponding to the sand blasting gun highlighted some possibilities to modify the nozzle and the subsystem for 
clamping the nozzle. An ideas diagram was used in order to indentify some constructive solutions able to satisfy the formulated 
objectives. The value analysis was applied to establish a final solution. The preliminary experiments emphasized the possibilities to 
use a modified nozzle for abrasive jet engraving.  
KEY WORDS: abrasive jet machining, nozzle, ideas diagram method, value analysis, preliminary experiment. 

1. INTRODUCTION 
The abrasive action of the sand transported by the wind on 
various hard bodies was a phenomenon known during the 
antiquity. The first researcher who applied the air currents 
action in order to facilitate the machining of the stones, glass 
and other materials was the chemist Tilghmann from 
Philadelphia; in 1870, he patented a sand-blasting machine. 

The abrasive jet machining is a machining method which uses 
the effects generated at the contact of abrasive jet with the 
workpiece material. The abrasive jet micromachining is a 
relatively new process, which uses a compressed air jet 
containing fine abrasive particles having an abrasive effect as a 
consequence of microcracking and microcutting phenomena 
[5], [7], [9]. 

Being a flexible process, the abrasive jet machining can be 
used for a vast area of applications, including cutting, drilling, 
precise deburring of the parts, finishing various components of 
injectors, eliminating the decoloured areas occurred after the 
process of resharpening the tools, deburring the slots from the 
fuel supply columns of airplanes [2], [9]. 

The abrasive jet could be used in order to apply machining 
processes such cutting, drilling, engraving, cleaning etc.; on the 
other hand, the thin abrasive jet allows the obtaining of small 
machined surfaces.  

Deng et al. [3] have studied the nozzle wear of B4C monolithic, 
Al2O3/(W,Ti)C and Al2O3/TiC/Mo/Ni. They improved the wear 
process by determining the worn nozzle mass using a large 
number of materials with various mechanical properties and 
microstructures, in order to obtain a correct image concerning 
the influence factors in the ceramic nozzle wear. The 
researchers pointed out that the nozzle material hardness plays 
an important role in its wear.  The B4C nozzle develops a 
behavior similar to that of the glass, an obvious outcome being 
the occurrence of sharp chips and a massive nozzle wear. The 
Al2O3/TiC/Ni nozzles can contribute to a significant growth in 
nozzle useful life time. 

Micro-abrasive manufacturing was technically and 
economically useful in the fragile materials processing, such 
glass manufacturing.  

Fan et al. [4] have developed predictive mathematical models 
corresponding to the material removal rate for drilling and 
generating channels in glass.  Micro-abrasive jet machining 
was analyzed by means of a dimensional investigation 
technique, in order to establish the influence exerted by various 
work parameters (impact factors, materials factors etc.) on the 
material removal rate. These models were successfully verified 
by experiments. 

Abrasive jet machining performance was considered for micro-
channel manufacturing in glass test pieces by the researchers 
Park, Cho, Lee and Cho [6]. They supposed that abrasive jet 
machining can prove successful in semiconductive electronic 
devices micro-processing. Micro-sandblasting was used 
lucratively when manufacturing 80 µm fine depths channels in 
glass workpieces. 

2. INITIAL CONSIDERATIONS 
The general structure of an abrasive jet machining equipment is 
presented in figure 1. As one can see, a compressor absorbs the 
air by means of a filtering subsystem and directs the 
compressed air stream to the abrasive gun. A control subsystem 
could be included in the abrasive jet machining equipment, in 
order to ensure some optimal functional parameters of the 
compressed air stream. On the other hand, other tubes connect 
the abrasive gun to the recipient where the abrasive particles 
are deposited. In the sandblasting gun, a mix of compressed air 
and abrasive particles is generated; this mix is sent to the 
workpiece surface by means of a nozzle.  

In the laboratory for nonconventional technologies from the 
“Gheorghe Asachi” Technical University of Iaşi – Romania, 
there are some sandblasting guns; in such circumstances, the 
problem of adapting these sandblasting guns so that the 
problem of abrasive jet machining with thinner jets was 
formulated. 
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Essentially, in the case of the most used sandblasting guns, in 
such a gun there is a cavity were the compressed air is forced 
to pass through a zone where the cross section diminishes; the 
main result of this situation is a decrease of the gas pressure, in 
accordance with the Bernoulli’s law: 
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where v is the fluid speed in a point found in the fluid stream 
(m/s); 

g – the gravitational acceleration (m/s2); 

z – the height of the point over a reference plane (m), having 

the positive direction of the axis z in an opposite direction to 
the gravitational acceleration; 

p – the static pressure in the considered point (Pa); 

ρ – the fluid density (kg/m3); 

C1 – a constant.  

Due to the decrease of the pressure, the abrasive particles are 
absorbed from the recipient where they are placed and included 
in the compressed air jet.  

Initially, after exit of the nozzle, the abrasive jet has a 
cylindrical shape along a short distance; afterwards, due to 
diminishing the pressure from the jet axis to the environment, 

 
Figure 1. Schematic representation of the sandblasting equipment 

  

 

 
 

Figure 2. Applying the ideas diagram method in the case of the necessity to extend the possibilities to use a sandblasting gun  
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the abrasive jet has a conical shape. If at the exit from the 
nozzle the abrasive particles has a high kinetic energy, once the 
distance from the nozzle increases, the kinetic energy of the 
abrasive particles decreases. 

At the contact with the surface layer of the workpiece, the 
abrasive particles develop phenomena of elastic and plastic 
deformation, of microcutting and microcracking, so that finally 
a process of material removal from the workpiece is 
materialized.  

In this way, the surface affected by the action of the abrasive 
jet is the result of the above mentioned processes.  

3. APPLYING THE IDEAS DIAGRAM 
METHOD GLASS WORKPIECES NITIAL 
CONSIDERATIONS 

In order to obtain distinct constructive or technological 
solutions, various techniques and methods able to stimulate the 
technical creativity could be applied: the method of 
morphological matrixes, method of ideas diagram, 
brainstorming, theory of creative problem solving (TRIZ), 
techniques and methods based on the applying quantitative or 
qualitative changes [1], [8], [10] etc. 

One of the methods applied and recommended by the inventics 
school from the “Gheorghe Asachi” Technical University of 

Iaşi is the so-called method of ideas diagram.  

In principle, before applying the ideas diagram method, a 
general idea about the innovative target must be obtained; this 
means that when the problem of innovating a certain object is 
formulated, it is necessary to have some knowledge about the 
structure and components of  an the respective object. 
Afterwards, within an analysis stage, the object is decomposed 
in its main subassemblies and various versions of these 
subassemblies must be identified.   

An ideas diagram is a graphical representation, in which along 
a horizontal line, rectangles are used to highlight each of the 
analyzed object subassemblies; at their turn, under each 
subassembly, various versions of the respective subassembly 
are placed. 

In order to offer to the ideas diagram an open character, able to 
stimulate the designer’s creativity and to draw his attention that 
other subassemblies or subassemblies versions could exist, 
along the initial horizontal line, a rectangle including the 
question mark is included; other such rectangles are used at the 
bottom of each column corresponding to the versions of a 
certain subassembly [1], [10]. 

But the ideas diagram could be graphically represented by 
using other ways; for example, in the figure 2, an ideas 
diagram corresponding to the device for abrasive jet machining 
was designed by using a method type mind map.  

The main considered subassemblies of this device were the 
following: 

a) Base part; 
b) Nozzle system; 
c) Nozzle material; 
d) Nozzle orifice shape. 
 

4. SELECTED SOLUTION 
The total number of constructive solutions suggested by the 
ideas diagram could be calculated by multiplying the numbers 
of versions corresponding to each considered subassembly of 
the analyses object. In the case of the device for abrasive jet 
machining, this total number Nv of constructive versions of the 
device is given by the product: 

 Nv=2·4·3·3=72 versions (2) 

It is clear that not all these versions could conveniently 
work and, of course, some of them could be characterized by 
low performances.  

In the case of the device for abrasive jet machining, a matrix 
could be designed by considering the subassemblies A, B, C 
and D:  

A= (A1, A2);  

B= (B1, B2, B3, B4);  

C= (C1, C2, C3);  

D= (D1, D2, D3),  

where  A,B,C,D are formatting assemblies;  

A1, A2, ... D2, D3 – versions of the formatting assemblies. 

The total number of versions could be highlighted by using the 
method of lexicographic enumeration or various types of 
tables.  

 
Version 1 

 

 
 
Version 2 

 
 
Version 3 

 
 
Version 4 

 
 

Figure 3. Versions of the solutions for the abrasive jet 
machining suggested by means of the applying the ideas 

diagram. 
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If the number of the analyzed object versions is high, it is clear 
that there is not a real possibility to examine and evaluate in 
detail each solution generated by means of the ideas diagram 
and highlighted by means of a matrix, for example.  

In order to diminish the number of the analyzed object versions 
so that finally a diminished number of suggested solutions be 
examined in a reasonable time, various method were proposed 
by specialists (for example, the method of sequential- selective 

method, method of global evaluation, method of dividing in 
sub-morphologies, method of simple randomizing , method of 
weighted randomizing, method of selection by similitude [1], 
[10] etc). 

By applying the method of ideas diagram and the sequential – 
selective method, the following four versions were appreciated 
as satisfying the initial objectives and being susceptible to be 
characterized by innovative aspects: 

Table 2. Comparison of the solutions by means of each criterion 
 

Solution Comparisons by means of the criterion 
NCC 

Sum of 
comparisons 

results N 

Importance coefficients 
corresponding to the criterion 

NCC,  NV=KNCCN/D 1 2 3 4 5 6 
Version 1 0 0.5 0    0.5 NV=0.3x 0.5/6=0,025 
Version  2 1   0.5 0  1.5 NV=0.3x 1.5/6=0,075 
Version  3  0.5  0.5  1 2 NV=0.3x 2/6=0.1 
Version  4   1  1 0 2 NV=0.3x 2/6=0,1 
Solution Comparisons by means of the criterion 

Pm 
Sum of 

comparisons 
results N 

Importance coefficients 
corresponding to the criterion 

Pm 1 2 3 4 5 6 
Version  1 0 0.5 0    0.5 NV=0.2x 0.5/6=0.016 
Version  2 1   0.5 0  1.5 NV=0.2x 1.5/6=0.05 
Version  3  0.5  0.5  1 2 NV=0,2x 2/6=0.06 
Version  4   1  1 0 2 NV=0.2x 2/6=0.06 
Solution Comparisons by means of the criterion 

Prm 
Sum of 

comparisons 
results N 

Importance coefficients 
corresponding to the criterion 

Prm 1 2 3 4 5 6 
Version  1 0 0 0    0 NV=0.2x 0/6=0 
Version  2 1   0 0  1 NV=0.2x 1/6=0.033 
Version  3  1  1  1 3 NV=0.2x 3/6=0.1 
Version  4   1  1 0 2 NV=0.2x 2/6=0.06 
Solution Comparisons by means of the criterion 

Pcu 
Sum of 

comparisons 
results N 

Importance coefficients 
corresponding to the criterion 

Pcu 1 2 3 4 5 6 
Version  1 0 0.5 0    0.5 NV=0.05x 0.5/6=0.004 
Version  2 1   0 0  1 NV=0.05x 1/6=0.008 
Version  3  0.5  1  1 2,5 NV=0.05x 2.5/6=0.02 
Version  4   1  1 0 2 NV=0.05x 2/6=0.016 
Solution Comparisons by means of the criterion C Sum of 

comparisons 
results N 

Importance coefficients 
corresponding to the criterion 

C 1 2 3 4 5 6 

Version  1 0 0 0.5    0.5 NV=0.25x 0.5/6=0.020 
Version  2 1   0 0.5  1.5 NV=0.25x 1.5/6=0.062 
Version  3  1  1  1 3 NV=0.25x 3/6=0.125 
Version  4   0.5  0.5 0 1 NV=0.25x 1/6=0.041 

 
 

Table 1. Comparison of the evaluation criteria. 

 
Evaluation 

criteria 
Comparisons Sum of 

comparisons 
results N 

Importance 
coefficients 

(weights) K=N/D 
1 2 3 4 5 6 7 8 9 10 

Ncc 1 0.5 1 0.5       3 KNcc=3/10=0,3 
Pm 0    0.5 1 0.5    2 KPm=1.5/10=0,2 
Prm  0.5   0.5   0.5 0.5  2 KPrm=1.5/10=0,2 
Pcu   0   0  0.5  0 0.5 KPcu=1/10=0,05 
C    0.5   0.5  0.5 1 2.5 KC=3/10=0,25 
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A1B3C3D1- solution containing as base part the blasting gun 
type 650 R, to which a 3 component elements subassembly is 
attached, having a high speed steel nozzle with low tool wear, 
and small angled cone interior orifice of the nozzle; 

A1B1C1D2 - solution based on the 650 R sandblasting gun, 
with a single-block tungsten nozzle, having an interior vent 
with a larger tapering, useful for generating a high 
depressurizing helpful for the abrasive mixture absorption from 
the recipient and for mixing the abrasive particles with the 
compressed air; 

A1B3C3D2 - this solution proposes a three elements 
subassembly with a high tapering interior nozzle, made of high 
speed steel, in order to improve the micro-sandblasting device; 

 A2B3C3D3 – solution characterized by a base part type 
blasting gun type 166 A, onto the abrasive jet exit system is 
attached above the test piece surface, a subassembly composed 
of three elements, with an interior nozzle manufactured of high 
speed steel and having a cylindrical shaped nozzle. 

The above mentioned versions are schematically presented in 
figure 4. 

In order to evaluate the four solutions, the method of the 
imposed technique [1], [10] was applied. As evaluation criteria, 
one took into consideration: 

- Ncc - the constructive difficulty level; 
- Pm - easy usability; 
- Prm - possibility of manufacturing the nozzle with the 
available machine tools ; 
- Pcu - subsequent completing possibility with accessories able 
to facilitate experimental research; 
- C - constructive solution cost. 

These criteria were compared each other and the results of 
comparisons are presented in the table 1. 

The total number D of comparisons is given by the relation: 

2
)1( −

=
nnD

 , (3) 

where n is the number of the used criteria. Since in our case 
there are 5 criteria, the number D of comparisons is: 

 
 

 
 

a 
 

 
 

b 
Figure 5. Surface profile corresponding to the abrasive jet machining: a – average dimension of the abrasive particles: 0.22 

mm; b – average dimensions of the abrasive particles: 0.65 mm. 
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In the next stage, all the four versions of the device were 
compared each other by means of each considered criterion 
(table 2). 

A so-called value number was then calculated, by summing the 
products of the coefficient K of importance of each criterion 
with the coefficient of importance of each version when the 
respective evaluation criterion is applied. 

In such conditions, the version 3 was appreciated as being the 
most convenient.  

5. PRELIMINARY EXPERIMENTS 
Once selected a certain version of the device for abrasive jet 
machining, its components were achieved and assembled. Two 
nozzles with orifices having diameters of 0.8 mm and 1.1 mm 
were manufactured. A sandblasting gun type 650 R (made in 
France) was took into consideration as abrasive jet device. 

In order to prove the validity of the selected version, some 
preliminary experiments were designed and developed. Thus, 
the device was connected to a compressor able to ensure a 
compressed air pressure of about 0.6 MPa. 

As abrasive material, particles of common sand were used. 
There were two categories of abrasive particles, one having an 
average dimension of 0.22 mm and the other with the average 
dimension of 0.65 mm. Images of the abrasive particles are 
presented in figure 4. 

The test pieces were made of common glass, being 
characterized by a surface roughness Ra=0.15 µm. The 
direction of the abrasive jet was perpendicular on the test piece 
plan surface. The distance between the nozzle and the test 
piece surface was of 15 mm. 

In order to evaluate the roughness of the surface affected by the 
action of the abrasive jet, a roughness meter type Handysurf  
E35A/B was used. 

In the case of using the abrasive particles characterized by a 
low grit (0.22 mm), the Ra surface roughness parameter 
corresponding to the machined surface was of 3.69 µm, while 
when the abrasive particles of high grit were directed to the test 
piece surface, the surface roughness parameter Ra had an 
average value of 4.90 µm. Two profiles corresponding to the 
machined surfaces are presented in figure 5. 

The experiments highlighted the necessity to ensure a certain 
correspondence between the pressure of the compressed air and 
the diameter of the nozzle orifice; if this diameter is too low, 
the compressed air could circulate not to the nozzle, but to the 
recipient with abrasive particles and the abrasive process could 
not develop.  

6. CONCLUSIONS 
The abrasive jet machining is a machining method 
characterized by material removal from the workpiece and 
which is based on the effects generated at the contact of the 
abrasive particles transported and directed to the workpiece 
surface by means of a compressed air jet. There are various 
applications of the abrasive jet machining: engraving (cutting, 
drilling, engraving, cleaning etc.). 

In the laboratory of nonconventional machining technologies 
from the “Gheorghe Asachi” Technical University of Iaşi – 
Romania, the problem of modifying a sandblasting gun in order 

to use it for abrasive machining with thinner jets was 
formulated. In order to find various solutions for the problem 
solving, the method of ideas diagram was applied; a version of 
value analysis was also used for selecting the most convenient 
solution of modifying the available sandblasting gun.  

The designed solution was achieved and some preliminary 
experiments were developed.  

In the future, there is the intention to identify also other 
solutions able to ensure conditions for abrasive jet 
micromachining and to extend the experimental research, by 
taking into consideration various conditions concerning the 
pressure of the compressed air, the grit of the abrasive 
particles, the way of obtaining the mix compressed air – 
abrasive particles etc.  
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  a   b 
Figure 4. Sand particles used for abrasive jet machining: a – 

average dimension of the abrasive particles: 0.22 mm; b – 
average dimensions of the abrasive particles: 0.65 mm (60 x 

magnifications) 


