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This paper shows the impac t of mixing wat er and abrasives in water jet cutting pr ocess on the qualit y of the ma-
chined surface. The tests were done with polymer mat erial SIPAS, where the infl uence of cutting paramet ers was 
researched (cutting pressure, cutting feed and abrasive mass fl ow). The surface roughness was measured on several 
zones, regarding the depth of materials, because the roughness is increased with the material thickness.
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INTRODUCTION

Abrasive water jet (AWJ) cutting process differs from 
the pure water jet cutting because abrasive particles erode 
the cutted material in the kerf zone. AWJ is much faster  
than pure water jet and hard materials such as steel, met-
al, glass, stone, etc. can be cut more effi ciently.

The abrasives are added to the jet after the creation 
of pure water jet. The most commonly used abrasive in 
abrasive water jet is sand, which is of dif ferent grain 
size. Garnet is the most widely used abrasive. 

Characteristics of AWJ process are:
- extremely versatile process
- no heat affected zone
- no mechanical stresses
- easy to program
- thin stream
- detailed geometry
- less material loss
- simply to fi xture
- low cutting forces
- reduced secondary operations
- little or no burr

ABRASIVES

Therefore, different types of abrasives can be used; 
some of them cheapen the machines value. For exam-
ple, if it is cut lot of aluminum it can be used softer 
abrasives, thus slowing down wear in nozzle hose of 
mixing tube. 

The most commonly used abrasive in the water jet 
industry is red garnet. Garnet is pretty tough and when 
it breaks, it creates sharp edges; these characteristics are 

advantageous in water jet cutting. They are chemically 
inactive and will not react with the material that one 
needs to cut.

However, one must never use abrasives that contain 
silicon, such as beach sand because the dust created by 
silicon abrasives may cause silicosis, a very painful and 
deadly disease.

The abrasive characteristics that are required are:  
twice sifted, sharpness (sharper abrasives cut better), pu-
rity (impure abrasives infl uence cutting), and the price.

CUTTING HEAD 

The cutting head in water jet cutting mainly consists 
of two parts, Venturous chamber and mixing tube. The 
compressed water goes from tube into the opening (ori-
fi ce). This specially designed and made, opening is used 
to turn water into a highly compressed accelerated wa-
ter stream. Therefore, depending on dif ferent applica-
tions of diameters it can be from 0,2 mm to 0,35 mm.

Three most commonly used types of materials for 
making opening are sapphire, ruby and diamond.

Abrasive particles are fed into the cutting head where 
they come into contact with the water spray inside the 
Venturi chamber (Figure 1). Like a bullet in the rifl  e, 
abrasive particles are accelerated down the mixing tube 
and they go to the cutting point.

MIXING OF WATER AND ABRASIVE

In the water jet cutting, water jet accelerates abra-
sive particles that erode the materials [2]. Abrasive wa-
ter-jet is formed in the mixing chamber . Water, at high 
pressure, is injected through the jet head. The diameter 
of the mixing chamber is usually from 0,2 to 0,4 mm.

The water jet, at high speeds, creates a vacuum that 
pulls abrasive particles into the mixing chamber along 
with air. Jet accelerates abrasive particles and air in the 
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Therefore, when exiting the mixing tube both phases 
have the same velocity (Figure 2).

Mixing tube is mainly made of tungsten carbide with 
an internal diameter of 0,8 mm to 1,6 mm and with a 
length of 50 to 80 mm. The tungsten carbide is used 
because of its resistance to abrasives.

The mixing process can be presented by mathemati-
cal models: 
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Where is: vwy = velocity of water jet,  ψ = velocity coef-
fi cient of the opening (orifi ce). For example, if orifi ce 
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where is:
Φ =  “vena-contracta” coeffi cient. The typical value 

may be taken as 0,64 for a sharp orifi ce. [6]
Aorifi ce = surface size of orifi ce
do = diameter of orifi ce
cd = the orifi ce coeffi cient discharge. [7]

The total power of the water jet can be given as: 
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Energy and momentum do not remain constant due 
to losses during the mixing process. But, in the begin-
ning, it can be assumed that there is no loss of jet mo-
mentum before and after the mixing [8].

Table 1 shows us achievable high dif ferences at 
maximum cutting of depth. Generally , hard materials 

mixing tube. The cutting width depends on the diameter 
of the mixing tube and the distance from the work piece. 
If the mixing tube of 1 mm in diameter and the distance 
from the work piece is 3 to 5 mm, the cutting width is 
about 1,2 mm [3].

The water jet that is coming out of the mixing tube 
consists of three elements: the abrasive particles, air and 
water. The ability of material removal for each jet 
formed in a given nozzle depends on the pressure pump, 
type and abrasive mass fl ow. Generally, with the higher 
pump pressure the material removal ability increases.

When the fl ow of abrasive jet is of relatively small 
capacity the removing material increases with the abra-
sive mass fl ow. Because, when the abrasive mass fl ow 
rate is increased there are more abrasive particles in-
volved in the cutting process. Also, if the cutting head 
has a lot of abrasive particles, kinetic energy of one par-
ticle is degraded due to limited kinetic ener gy of the 
water jet cutting. Therefore, there is an optimum mass 
fl ow of abrasive particles. If the mass fl ow is uneven it 
can cause pulsing jet, which is causing damage to the 
work piece.

The mixing process is a gradual mixing of abrasive 
particles and water jet.

During the mixing process, abrasive particles are 
gradually accelerated because of the gradual torque 
transfer from the aqueous phase to abrasive phase. 

Figure 1  Cuting head with all parts. 
1 - Pressurized Water, 2 - The water is forced through 
an oriĀ ce, 3 - The high velocity of the jet creates a 
Venturi eff ect, 4 - The abrasive is fully mixed in 
nozzle, 5 - The abrasive waterjet stream [1] 

Figure 2 Schematic of mixing process [4]

Table 1 Thickness of the cutting material

Cutting material Material thickness / mm
1 Stainless steel 70
2 Wood 150
3 Glass 50
4 Ceramics 30
5 Polymer 130
6 Stone 90
7 Copper 80
8 Aluminium 100
9 Steel 100
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can be cut with smaller thicknesses, while cutting of 
softer materials can be done with larger thicknesses. For 
instance, wood can be cut with a thickness of 150 mm 
and the stone with a thickness of 90 mm.

EXPERIMENT

The tests in the experiment were made on polymer 
material SIPAS 60 with properties shown in Table 2.

Table 2 Mechanical properties of the cutted material [9]

Typical values at 23 oC Values

Properties

Abbreviated term PA6

Density 1,14 / g/cm3

Viscosity number 140 / ml/g

Processing

Melting temperature 220 / oC

Mechanical properties

Tensile modulus 3,9 / MPa

Yield stress 90 / MPa

Flexural modulus 2,9 / MPa

Flexural strength 95 / MPa

Ball indentation hardness 190 / MPa

SIPAS 60 is a material with excellent resistance to 
abrasion and impact load. It is used for making gears, 
coupling elements for eccentricity, sealing rings, screw 
elements, sliding elements and other elements exposed 
to impact loads.

The quality of the machined surface is determined 
by its roughness. Theoretical roughness depend primary 
on the geometry of the abrasive water -jet tools and ap-
plied process. One has to take into account that the real 
roughness exclusively depends on theoretical rough-
ness, although higher or lower roughness depends on 
several factors. These factors make the surface as a tra-
jectory of action in abrasive water-jet cutting. [10]

Limit values for the parameters were chosen as the 
marginal cases of the selected machine. The parameters 
were kept between minimal and maximal mass fl ow and 
water pressure that can be obtained in the machine 
(marginal cases). The cutting head velocity was chosen 
as a calculated value obtained from software “velocity 
calculator”.

To measure the surface roughness, it was used Mitu-
toyo Surf test SJ301.

The worst result of surface roughness in Table 3, we 
obtained on the sample I3, because the sample has the 
smallest abrasive mass fl  ow (0,4 kg/min), the lowest 
pressure (250 MPa) and a top speed of cutting head (160 
mm/min). As for the materials with thickness of 19 mm, 
because of poor quality surface, roughness could not be 
measured (Figure 3). The cutting material has a thick-
ness of 20 mm. 

Table 3 The Cutting Parameters

Mass fl ow
kg/min

Pressure
/ MPa

Velocity of cutting 
head / mm/min

0,4
350 80 G1

120 G2
160 G3

300 80 H1
120 H2
160 H3

250 80 I1
120 I2
160 I3

2,8 350 80 J1
120 J2
160 J3

300 80 K1
120 K2
160 K3

250 80 L1
120 L2
160 L3

Table 4 The measurement results 

Depth
Num.

Roughness / µm
1 / mm 11 / mm 19 / mm

Ra Rz Ra Rz Ra Rz
G1 8,1 47,7 8,9 52,8 10,5 58,4
G2 7,6 44,5 9,8 55,1 11 51,9
G3 7,8 41,7 8,2 49 11,5 62,8
H1 7,2 44,5 7,9 55,8 10,2 55,6
H2 7,9 51,6 10,7 52,3 16,1 83
H3 9,7 60 10,5 55,6 15,4 87,9
I1 8,2 47,9 11,7 67,9 9,4 57,1
I2 7,5 44,1 12 66,1 13,4 73,6
I3 7,2 45,5 12,6 68,3 / /
J1 6,9 36,8 6,9 48,4 8,3 48,2
J2 6,7 43,7 9 47,3 8,6 49,3
J3 8 45,1 8,1 49,2 9,2 54,2
K1 6,1 40 7,5 42,9 7 44,3
K2 7,9 41,5 6,8 42 8,7 49,6
K3 8,1 47 8,6 47,3 9,4 58,6
L1 5,7 35,6 6,9 46,5 7,9 45,8
L2 6,2 36,1 6,9 45,1 8,8 48,3
L3 6,8 35,8 7,5 45,8 8,2 50,1

Figure 3 Surface of I3 specimen 
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CONCLUSION 

Measurements of surface roughness were conducted 
on the cutted surface created by AWJ cutting while in-
fl uence of cutting parameters were examined (increas-
ing pressure and abrasive mass fl ow rate). The increase 
of the abrasives mass fl  ow has a greater impact than 
increase the pressure of water.

If the results of roughness measurements in the low-
er reaches of the sample I3 and L3 are compared with 
the same parameters (water pressure and cutting head 
velocity) with a different mass fl ow it can be concluded 
that with the mass fl ow rate increased 7 times there is 
incomparably better quality of surface roughness. In 
sample I3 water and abrasives do not have a good inter-
action because there is not enough abrasives in the sys-
tem. Therefore, all results of measurements are approx-
imate. The cutting tool is only water with a small per -
cent of abrasives. With increased water pressure from 
250 MPa to 350 MPa with the same mass fl ow rate and 
the cutting head velocity (for samples L3 and J3), in the 
cutting lower zones there is 10 % better surface rough-
ness. In the upper and middle zones the impact of chang-
ing parameters is 10 %. 

Also, with the increased cutting head velocity from 
80 mm/min to 160 mm/min (for samples K1 and K3) in 
the cutting lower zones there is 25 - 30 % better surface 
roughness. In the upper and middle zones the impact of 
changing parameters is 15 - 20 %. If there are materials 
with low density they can be cut with a low-speed cut-
ting heads and low pressure, thus saving machine and 
increasing profi ts.
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