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DEFINITION OF ABRASIVE WATER JET CUTTING CAPACITY
TAKING INTO ACCOUNT ABRASIVE GRAIN PROPERTIES

Abstract: The authors of the paper obtained dependencekdatdfinition of abrasive water
jet cutting capacity taking into account abrasivaigproperties permitting choosing optimal
cutting conditions.

1. Introduction

The micro-photo analysis of surfaces machined afteasive water jet cutting shows that
the destruction mechanism of materials with diffienghysic-mechanical properties is about
the same [1]. Microcutting is predominant. Thus,dgample, when cutting aluminum which
is small inclined to a brittle failure, the specifiemoval is relatively high. Microcutting is
carried out at the single application of force dfyang abrasive particle sufficient in size for
the detachment of a particle from material worlpmeess and having a higher hardness in
comparison with it (Fig. 1).
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Fig. 1. Microphoto of scratch on work-in-processfaae after abrasive water jet cutting
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The capacity of chips taken away by a single abeagrain defines a abrasive water jet
cutting performance. In this connection it is nesegyg to know a path of a particle penetration
into work-in-process pieces determining depttwidth b and lengthL of the scratch caused
by lugs of a grain microrelief . In the paper [2has determined that the average value of
angles B at a vertex decreases with the decrease of a guainber. The value of angleg B
within the limits 40-150°. And at the same time flecentage of acute angles makes up 12-
25%.

2. Modeling of penetration of an abrasive grain inb material

Let us examine the problem of penetration of arasitde grain into material when the
angle between a contact surface and symmetry &peretrated particlé is small. At the
determination of a path of a single grain motionshall take into account the rotation of an
abrasive particle round a centre of mass.

To solve the problem let us make the following agstions:

1) valueA of grain penetration into material is less ofradius;

2) the angular velocity of grain rotation round a syetry axis is absent, but round a
centre of mass is equal to zero at the initial muinoé a contact;

3) at the initial moment of a contact with a matesgaiface the velocity vector of a grain
concurs with the axis of its symmetry;

4) let us approximate the form of an abrasive graitvay cones having a common base
the vertexes of which are equally spaced on diffiesales.

Now let us determine the overpressure acting ostiniace of a contact of an abrasive
grain with material by the dependence [3]:
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co- Initial density of work material;

c(t) - current density of work material in the amda contact with an abrasive grain;
Vo — axial component of the velocity of a grain pea@bn into material;

T, —yield point of work material,

[ — Poisson’s ratio for work material;

2
v — factor,V = H ;
1+ u
po— initial pressure on the surface of a grain cantath material,
B - vertex angle of an abrasive grain.
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Let us determine the projection area of abrasi@ngs, andS, on plane y¢ and z& of

moving coordinategZ, (Fig. 2).
Let us put down the equation of the intersectioarofibrasive grain tapered surface with a

EZ{(%—Aj—zsina} :tQZBEZtigB— j , )

whereé, Z - current coordinates of the abrasive grain araitrary point of time;

d — grain diameter;
A - depth of grain penetration into a surface.

barrier surface:
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Fig. 2 Diagram of abrasive particle interaction wisurface of work material

Suppose, thag = 0 then:

Zmax tgB —sina
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When solving the equation (2) &0, we shall define valug:

E=+/dA-A2. (4)

Now define the area of a grain projection on plate

4 A/ dA - AP

Sy:f.%tg,B—sincr' ©)

In a similar manner we define the projection arfeancabrasive grain on plarss :

S, = ) 1—arcsm (6)

d| 7 2/da-2 2/dn- 1_{2«/dA—A2T
d d d |

Taking into account the fact than the whole contaatface is affected by pressype
definable by the formula (1) we find the value of axial and transverse cutting force (tool

pressure):
_ﬂ /dA3 _A4

F,=S,p= 7
y=SP 3tgB -sina P 7)
2
. d*| 2\ dA - 2\/dA -/ 2-/dA - A
FZ—SZp—Z anrcsm g - q 1- g p. (8)

Define the approximate value of a resulting monwntorces with regard to a centre of
mass of an abrasive grain:

M :—(d—ZAjFZ+1AF . ©)
2 3 3tgB

To formulate the equation of an abrasive grain amoive compute the projection of an
axial component of the velocity for abscissa anflimmovable co-ordinatess:
x=V cosa, (10)
n=Vsina, (11)

WhereV - rate of an abrasive particle
Let us show the expression (1) in the followingior
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p=%xk+w, (12)

where: k =70 )[V 1: Z{az —1J +b(v —2)a; —[az —1J}sin2,8,

b(v -2
W:(a; —1}( Po +ﬁ]

We put down the equation of motion and a mass eentation of an abrasive grain with
regard to immovable co-ordinate$n:

mX =—F, cos + F, sina,
mf =-F, sina - F, cos, (13)
1d =M,

wherem —mass of an abrasive grain;
| — equatorial inertia moment;
¢ = o - a - obliquity change of a symmetry axis of a grairatbarrier;
Op- initial angle between a contact surface and sytmnais of a grain penetrating.
It is seen from Fig. 2, that:

A=n-H,, (14)
a=aq,-¢. (15)

Substituting (14), (15) in (13) we obtain:

m:[xzmw]{-d{ycos(ao—¢)+gxsm(ao—¢), ,

(16)

i} = [2k+W]{ ysin(a, ¢)+g)\cos(0(o—¢),

1§ = [x2k+w]{ \{g g(r] Ho)j+gt—gB}\}

_yd-HeP -(-H,)*
tgB - sm( - ¢)

wherel, y - factors; A =



The initial conditions for the equations set (16);

x(0) =V, cosa,, x(0)=0,
1(0) =V sina, 1(0) = Ho, 17)
¢(0)=0. 6(0) = a,.

The combined equations (16) are solved throughraenical method. In Fig. 3 there is
a result graphically shown.
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3. Conclusion

The computations carried out show that at the apfitin of garnet - a harder material as
an abrasive, the productivity of the process ingesan comparison with carborundum by
100-200 % that is proved by comparative tests.

The predictable productivity on rated dependendea process is good correlated with
practical recommendations of manufacturers of hyualtcng equipment for rectilinear cutting
with maximum productivity.
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