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Abstract. Abrasive Water Jet is an innovative process which proves to be a good solution for 

cutting, drilling, polishing and milling, for various materials. Abrasive Water Jet milling has some 

advantages, compared with classical technologies, such as: high flexibility and machining 

versatility, no thermal distortion. In this paper the authors proposed a few strategies for water jet 

milling manufacturing. Using the correct processing strategies and proper process parameters, water 

jet milling is a good solution to manufacture plan surfaces, profiles and slots. 

Introduction  

Abrasive water jet is one of the new and innovative processes. Using a high pressure abrasive 

jet, can be cut, drilled, polished and milled a variety of materials [1,2,3,15]. 

 Using Abrasive Water Jet Milling (AWJM) can eliminating classical operations and save 

money [4,5,6,7]. 

AWJM is a technology that has some advantages: no thermal distortion, the forces that are 

present during the process are neglectable and last but not least it is a solution for processing any 

type of materials [3,4,7]. 

 
Fig. 1. Parts manufactured using AWJM [5] 

 

Using the optimal manufacturing strategies and a set of correct parameters, AWJM is a solution 

to make plan surfaces, profiles, slots and pockets (Fig. 1). The AWJM process is a good solution for 

complex parts like 3D parts [5,6,7,8]. 

 

 

 

 

      

Applied Mechanics and Materials Vol. 760 (2015) pp 409-414 Submitted: 2014-08-06
© (2015) Trans Tech Publications, Switzerland Revised: 2014-09-30
doi:10.4028/www.scientific.net/AMM.760.409 Accepted: 2014-09-30

Online: 2015-05-18

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications, www.ttp.net. (ID: 132.239.1.230, University of California, San Diego, La Jolla, USA-17/08/15,05:35:24)

http://dx.doi.org/10.4028/www.scientific.net/AMM.760.409


Theoretical Formulation  

During the manufacturing process, using AWJM, a lot of parameters influence the quality 

characteristics. The large number of parameters proves the complexity of the process. [9,10,11,12] 

 

 
Fig. 2.  The main components of water jet milling system [5] 

 

Fig. 2 illustrates the main components of water jet milling system. The parameters of the water 

jet milling process are: do, orifice diameter (mm); df, focus tube diameter (mm); Ma, abrasive mass 

flow rate (Kg/min); P, water-jet pressure (Bar); Sd, stand-off distance (mm); V, traverse feed rate 

(mm/min); φ, impact angle (º); h, processing depth (mm); Ra, surface roughness (µm). 

Using AWJM technology could be executed operations like: pocket milling, face milling, 

profiled milling and slot milling. 

For manufacturing parts at high dimensional precision and a good surface quality must be 

developed a few process strategies. For this process a precisely defined trajectory of the abrasive 

water jet is very important.   

Face Milling  

AWJM is capable to manufacture plan surfaces from different materials. To make a plan 

surfaces using AWJM the surface is covered with abrasive jet for several successive passages side. 

In Fig. 3 is presented the strategy for plan surfaces, manufacturing through water jet milling. 

With red colour is revealed the processing sketch, the water jet moves along this path during 

processing.  

 

 
 

Fig. 3. The strategy for face milling [5] 
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Slot and Profile Milling 

In Fig.  4 the strategy to process profiles, using AWJM is presented.  

 

 
        Fig. 4. Milling strategy profiles [5]                                     Fig. 5. Milling strategy slots is                                                         

                                                                                                   wider than the diameter of the jet [5] 

 

To process a slot wider than the width of the jet it is recommended to use the strategy 

represented in Fig. 5. The jet goes along the red sketch, like in Fig. 5 and is obtained the profile 

marked with blue color.  

In Fig. 6 is shown the strategy for processing slots with a width equal to the one of the jets.  The 

abrasive water jet moves along the manufacturing path (marked in red) only one time, resulting in a 

slot with a width  equal to the interior of the focusing tube (0.5-1.5 mm). 

 

 
Fig. 6. The strategy for manufacturing slots equals with the jet diameter [5] 

Experimental Design 

 In order to test the milling strategies some parts were manufactured using these strategies.  

 These experiments were made using the OMAX 2626 water jet machining equipment from 

Technical University of Cluj-Napoca (TUCN). 

In the first study a prismatic part with the dimensions of 110x110x10 mm from usually Stainless 

Steel (AISI 304) was made. In this paper we tried to remove from material a layer with a 0.5 mm 

thickness, using the face milling strategy and the recommendations presented before.  

The parameters of the process were: the water pressure, 2100 bar; the feed rate, 2054.95 

mm/min; the nozzle diameter, 0.35 mm; the focusing tube diameter, 0.76 mm;  the jet impact angle, 

90˚; the abrasive flow rate, 0.45 Kg/min; the abrasive size 80 Mesh; the standoff distance was 2 

mm. 
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Fig. 7. The 2D sketch used for milling and the part made [5] 

 

The results of the face milling were measure and was observed that a material layer with a 0.46 

mm thickness was removed, resulting a surface with a good roughness (Ra= 5.1 µm,  Fig.  7).  

Using the strategy to process slots (bigger than the jet diameter) was made the part from Fig. 8. 

b. In Fig. 8. a is presented the 2D sketch used in processing. In this experiment the feed rate was 

modified with a value of 1200 mm/min, calculated to obtain a processing depth of 2 mm.  

By using  dedicated equipment (Zeiss eclipse 550) was measured the depth of processing. Mitutoyo 

Surftest SJ-210 was used for measuring the surface roughness of the experimental parts. These 

types of equipment are used in precision measurement [13, 14]. After measurements was obtained a 

processing depth of 2.3 mm and a roughness of Ra=8.9 µm.  
 

 
Fig. 8. a. The 2D sketch; b. Milled part - the strategy for slots processing was applied. 

 

Using the proposed strategy for slots with a width equal to the abrasive jet. Using AWJM 

(applying the strategy for slots with a width equal to the abrasive jet) artistic parts by copper alloy 

were made (Fig. 9). In this application was start from the 2D sketch made by a designer using 

dedicated drawing software (CorelDraw), (Fig. 9.b).  

 

a.   b.  

Slot 

The 2D sketch The surface milled 
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Fig. 9. Parts made by applying the strategy for slot processing, having a width equal with water jet 

diameter 

 

The result of this experiment is a processing depth of 1 mm and a surface roughness of Ra=0.8- 

6.4 µm.  

Summary 

The technology presented in this paper is a solution for processing plan surface, profiles and 

slots. Analyzing the parts manufacture for experimental research was obtaining a high dimensional 

accuracy of ± 0.2 mm and a good surface quality. 

An important aspect must be mentioned: in the start point, end point and when direction is 

changed was observed a flatness deviation of the surface. The flatness deviation is approximately 

0.5-3 mm. This problem is caused because the jet is spending too much time in these points.  

This aspect can be easy resolved by choosing the start point and the end point outside of the 

sketch.  

   

 

 

 

 

 

 a.    b.    

c.  d.   
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