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microroughnesses. In the first case it happens with the material 
removal, and in the second case without it. That can improve 
the physical properties of the part surface due to the appearing 
of a thin strained layer. 

Abrasive particle we will present in the form of absolutely 
elastic sphere. A pyramid material we will consider also 
absolutely elastic. Analyzing the design scheme shown in Fig. 1 
and assuming that the reflection angle of the particle from a 
pyramid side equals to the incidence angle, from the 
geometrical construction the equations are obtained: 

 
௡ߚ  ൌ ߮ െ ߛ 2⁄ ௡௥ߚ , ൌ ௡ߚ െ  (1) ߛ
 

Of course, not all of the abrasive particles impact strictly on 
the top of each asperities of a pyramidal shape. In the upper 
part of the flow, in fact, the majority of particles strikes at a 
short distance from the top of the pyramid, being cut off by the 
underlying pyramid. In the lower part of the flow, if we 
consider the distribution law of the particles impact on the face 
of the pyramid to be symmetrical, the largest number of strikes 
will occur at a distance from the tip equal to the height of a 
pyramid minus the maximum size of the particles. Therefore, it 
is assumed that the most likely point of contact of straightflying 
particles with a face of the pyramid lies at a distance from the 
base of the pyramid which is equal 
 
  ݈ଵ௜ ൌ ܴ∆ଵሺܭ cosሺߛ 2⁄ ሻሻ (2) 
 
where ∆R is height of microroughnesses (of pyramid), 
K1=0,8÷0,9 – is an empirical coefficient. 

Coordinate of the collision point of the reflected particles 
with a face of the pyramid is defined analytically from 
geometric constructions: 

 
 ݈௡௥ ൌ ݈ଵ௜ሾcos ߛ ൅ sin ߛ tanሺߨ 2⁄ െ ߛ ൅ ⁄௡ሻߚ ሿ (3) 
 

The shown collision will occur only if: 
 

∆ܴ cosሺߛ 2⁄ ሻ ൒ ݈௡௥ ൒ ݀௣ 2⁄  
 
otherwise the particle either flies past the top of the pyramid, or 
stops in the cavity between adjacent pyramids. 

The physical processes that characterize the impact 
dynamics of the reduced to the sphere abrasive particles with 
the brink of a pyramid microroughnesses from the classical 
physics point of view (analogically with Makhanko, 1993) were 
analized. Using the law of Hertz's and defining objects as 
linearly elastic, the expressions for the determination of normal 
to the pyramid axis forces of direct and indirect impacts are 
obtained: 
 
  ௜ܶ ൌ ݊ଶ ହ⁄ ൫1.25݉௣ ௣ܸ

ଶߝ௣ cosଶ ௜൯ߚ
ଷ ହ⁄ cosሺߛ 2⁄ ሻ (4) 

  ௥ܶ ൌ ݊ଶ ହ⁄ ൫1.25݉௣ ௣ܸ
ଶߝ௣ cosଶ ௥൯ߚ

ଷ ହ⁄ cosሺߛ 2⁄ ሻ (5) 
 

where ݊ ൌ
଴.଻ହටௗ೛ ଶ⁄ ሺாభାாమሻ

ሺଵିఔభమሻାሺଵିఔమమሻ
; E1,2, ν1,2 are respectively modulus 

of elasticity (Young's modulus) and Poisson's ratios of 
workpiece and abrasive materials; εp=0,8..0,9 is a loss ratio of 
reflected particle velocity due to loss of energy for heating 
during impact. 

From the known values of strength and arm the bending 
moments M(t1) and M(t2) (Fig. 1) are found. They act on the 
same pyramid at different points in time. 

Let’s define the repetition frequency of the direct impact of 
particles on the brink of a single pyramid. To do this, we 
express the number of particles np in a small volume of flow 
equal to the product of the projection at ground level a2 (the 
direction of flow) and a distance x (from the nozzle end to the 

part surface) in terms of density ρp distribution in the stream of 
particles of known mass mp: 
 
  ݊௣ ൌ ݔ௣ܽଶߩ cosଶ ߮ ݉௣ൗ  (6) 

 
Assuming that the workpiece is at a distance not exceeding 

the length of the initial segment, where the flow velocity on its 
axis does not change, the travel time of the volume will be 
equal: 
 
  ߬ ൌ ݔ ൫ ௣ܸ െ ܴݓ cos߮൯⁄  (7) 
 
where w – is angular velocity of the details. 

Having divided the expression (6) and (7), a repetition 
frequency of attacks on any of the pyramids pin, located in the 
zone of the jet, is received: 
 
  ݂ ൌ ௣ܽଶߩ cosଶ ߮ ൫ ௣ܸ െ ܴݓ cos߮൯ߝఝ ݉௣ൗ  (8) 

 
where ߝఝ ൌ 1 െ cos߮ – is function that accounts the decrease 
repetition of rate shocks on the pyramid, located in the upper 
part of the interaction zone due to partial overlapping of their 
neighboring pyramid from the bottom. 
 
3. CONCLUSION 
 

Thus, model parameters with the help of which it is 
possible to operate productivity of jet abrasive processing and 
quality of the received surface are defined. 

A model of the interaction of the abrasive particle flow with 
workpiece microroughnesses in the form of single pyramidal 
projections is presented for the first time. Its purpose is to 
determine the intensity of the destruction of the surface layer of 
part, depending on the flow regimes of the abrasive jet, the 
properties and geometry of parts, as well as the properties of 
abrasive. 

Using the basic tenets (principles) of the theory of strength 
of materials, analytical findings confirmed that during the 
processing by abrasive jet before the classic micro-cutting, 
there are regimes that are characterized by cyclic fatigue failure 
of microroughnesses tops. 

The implementation and refinement of the model is 
straightforward, checking its adequacy, as well as solving with 
its help the problem of the pyramidal asperities destruction (for 
brittle materials parts) and plastic deformation (for viscous 
materials) under the action of cyclic loads will be also 
examined in future. 
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