
2015 WJTA-IMCA  Conference and Expo 
November 2-4  New Orleans, Louisiana 

 Paper 
 
 
 

DEVELOPMENT OF A NEW METHOD IN ORDER TO DO SILENT 
 

ABRASIVE WATER JET TURNING PROCESS APPARATUS 
 
 

F. Kartal 
University of Kastamonu, 

Kastamonu, Turkey 
 

H. Gökkaya 

Karabuk University, 
Kastamonu, Turkey 

 
Z. YERLIKAYA 

University of Kastamonu, 
Kastamonu, Turkey 

 
 
 

ABSTRACT 
 

This study aims to reduce the high level of noise generated during the machining process using 
abrasive water jet turning from a range of 100~130 dB(A)  to a range of 70~85 dB(A). 
Moreover, this study also focus on a new method to be developed and applied in order to 
remove the ripple effect occurring in the water jet pool and to eliminate the abrasive water jet 
splash. This new method developed in the current study proved successful for the machining 
of polymer based plastics using abrasive water jet below the surface of water levels. 
 
Keywords: Abrasive water jet machining, abrasive water jet turning, worker health and safety 
awareness, Noise. 
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1. INTRODUC TIONS 
 

Abrasive Water Jet (AWJ) cutting has been used as an efficient method for machining of any 
material, especially the ones hard to cut, in line with the developments in the materials used for 
industrial purposes. Water jet technology with its structural differences from traditional 
machining techniques has found a place for itself in developed countries for the operational 
and economic advantages it offers [1,2].  

 
It is possible to machine rotating workpieces using water jet along with machining and cutting 
flat surfaces. In this respect, water jet serves as a tool bit. However, there is an essential 
difference between water jet and the traditional tool bit. It utilizes the manufacturing of rotating 
symmetry out of hard-to-machine metals such as complex metal composites, tough alloys, and 
ceramics. Operation of the water jet involves the movement of the jet in x, y, and z coordinates 
while the workpiece rotates. The system is shown in Figure 6. An important advantage brought 
in by AWJ machining is that it offers very low cutting power which allows for machining of 
brittle bars with very small diameters and made of hard-to-machine materials [3]. 

 
The literature scan showed that there are several experimental studies which involve cutting 
and erosion using a milling device [4-13]. However, it was found that all the milling 
mechanisms used in these studies were similar and that the mechanism most of the times did 
not involve an enclosure in order to protect against pressure water and abrasive particles while 
the process was conducted above water level. Using a lathe chuck without any enclosure 
makes the machining process even harder to perform. The noise produced by the abrasive 
water jet nozzle when used above water level is rather high and may reach up to 110 dB(A) . 
Available two-dimensional abrasive water jet cutters machine the workpiece below the water 
level in order to reduce the noise produced and the splatter of the materials (Figure 1). 
Exposure to loud noises (> 80 dB(A)) for an extended period (months and years) can cause 
irreversible hearing loss . This hearing loss may be permanent or temporary, or both. 
Temporary hearing loss, also known as auditory fatigue, loses its effect when the subject 
leaves the environment with loud noise (often within 2 hours) [14-16].  
Permanent hearing loss depends on the following; 

 Personal Sensitivity, 
 Level of noise (sound energy level), 
 Frequency distribution of the noise-sound, 
 Daily total exposure duration, 
 The length of the duration one is exposed to loud sound, 
 The nature of the sound, i.e. continuous, intermittent, or pulsed. 

 



  
 

Figure 1. Two-dimensional cutting process below the water level of abrasive water jet, 
 
Being exposed to continuous sound above 85 dB(A) causes significant hearing loss for many 
people and the damage is increased with the increasing sound level. The permitted exposure 
duration for unprotected ears should be decreased by half for every 5 dB(A)  increase in the 
noise level. For example, the exposure duration for 90 dB(A) should be limited with 8 hours 
while this number should be 4 hours for 95 dB(A) and 2 hours for 100 dB(A) . The permissible 
maximum noise level for the protected ear is 115 dB(A)  for 15 minutes. 
 
 
2. MATERIALS AND METHODS 
 
Machining parameters of the abrasive water jet cutter used in the experimental study are shown 
in Table 1.  
 

Table 1. The parameters used in the turning operation by abrasive water jet. 
 

PARAMETERS VALUE 
Pressure, MPa 300 
Traverse rate, mm/min 30 
Abrasive mass flow rate, g/min 55 
Orifice diameter, mm 0.33 
Focusing tube, mm 0.76 
Focusing tube length, mm 72 
Stand-off distance, mm 2 
Number of passes 1 
Cutting head angle. Degree ° 90° 
Abrasive Barton Garnet 
MESH 80 

 
Figure 2 shows the experimental turning mechanism used for abrasive water jet cutting below 
water level and the water jet lathe used. Figure 3 shows the computer assisted design of the 
turning mechanism used for abrasive water jet cutting below water level in this study. 
 



 
 

Figure 2. The water jet machining machine used in the experiment. 
 

 
 

Figure 3. The three-dimensional image of the experimental setup model that is designed to 
make turning with abrasive water jet under the water level. 

 
Custom experimental machining workpiece holder was tried for speeds under 50 rpm. It was 
only aimed to give circular motion to the workpiece in the same direction with the abrasive 
water jet. As low speed was preferred, lathe chunk did not cause ripples in the water. 
Nevertheless, water chuck and bearings were made of waterproof stainless material and 
polymer plastics. Figure 4 shows the prototype model developed experimental setup to make 
turning with abrasive water jet under the water level. DT-8852 digital sound / noise level meter 
data logger used in this study is shown in the Figure 5 below. Specifications of this device are 
given in Table 2. 
 



 
 

Figure 4. The image of the prototype model developed experimental setup to make turning 
with abrasive water jet under the water level. 

 

 
 

Figure 5. DT-8852 sound level meter [17]. 
 
 

Table 2. DT-8852 sound level meter characteristics [17]. 
 

Standard applied  IEC61672-1 Type 2, ANSI  
Accuracy ±1.4 dB(A)   
Level ranges Auto:30 dB(A) ~130 dB(A)   
Frequency range 31.5 HZ ~ 8 KHZ  
Dynamic range 50  dB(A)   
Time weighting: 125 mS,  
Microphone 1/2 inch electret condenser microphone  
Resolution 0.1  dB(A)   
Display Update 2 times/sec  
Analog output AC/DC outputs, AC=1Vrms, DC=10mV/ dB(A)  

 
 
3. RESULTS AND DISCUSSION 
 
Abrasive water jet processes in which the water jet nozzle operates below and above the water 
level have resulted in different outcomes. The noise level obtained from the nozzle which was 
placed 2mm above water level where the meter was placed 1 meter away from the mechanism 



was recorded as 108,9  dB(A) (see Figure 6 (a)). The noise level obtained from the nozzle 
which was placed 2 mm below the water level, on the other hand, was recorded as 85,4 dB(A)  
(see Figure 6 (b)). Noise level decreases by 27.51% when the machining is performed when 
the nozzle is located 2mm under water. This is a significant difference which cannot be ignored. 
 

 
 
Figure 6. (a) Turning with abrasive water jet over the water level, (b) turning with abrasive 

water jet under the water level. 
 

 
4. CONCULISONS 
 
It is possible to reduce the noise level at its source, to reduce it on the way the energy of sound 
diffuses, and to protect the exposed personnel in order to reduce the noise produced by the 
water jet and the pump during the abrasive water jet machining process. This study found that 
it was possible to reduce the noise level by 27% by machining the workpiece under water where 
nozzle is also located underwater.  According to the occupational health and safety standards, 
a noise level of 85.4 dB(A)  is in the acceptable range for 8 hours daily work. This is a 
significant number in terms of occupational health and safety. Nevertheless, machining where 
workpiece and nozzle are placed under water eliminates the unfavorable conditions such as 
ripples in the water jet pool and water splash.  It allows for a safer and orderly working 
environment. It is expected that the findings of this study will contribute to the future research 
in the field of abrasive water jet cutting.   
  
 
5. ACKNOWLEDGMENT 
 
The Authors are deeply grateful for the financial support of Kastamonu University Scientific 
Research Fund, Grant No: KU-BAP-04/2015-1 
 
  



6. REFERENCES  
 
[1] K.G. Swift and J.D. Booker, Chapter 7 - Non-traditional Machining Processes, In 

Manufacturing Process Selection Handbook, edited by K.G. SwiftJ.D. Booker, 
Butterworth-Heinemann, Oxford, 2013, Pages 205-226 

[2] R. Kovacevic, Surface texture in abrasive waterjet cutting, Journal of Manufacturing 
Systems, Volume 10, Issue 1, 1991, Pages 32-40 

[3] Momber, A., Kovacevic, R. "Principles of Abrasive Waterjet Machining" Springer-Verlag, 
London, 1998. 

[4] D. A. Axinte, J. P. Stepanian, M. C. Kong, J. Mc Gourlay, Abrasive water jet turning-An 
efficient method to profile and dress grinding wheels, International Journal of Machine 
Tools and Manufacture, Volume 49, Issues 3–4, March 2009, Pages 351-356. 

[5] Zhong, Z. W., and Han, Z. Z., “Turning of Glass with Abrasive Waterjet,” Materials and 
Manufacturing Processes, Vol. 17, No.3, 17 June 2002, pp. 339-349. 

[6] M. Hashish, "A modeling study of metal cutting with abrasive waterjets," ASME J. of Eng. 
Mat. And Tech., vol. 106, no. 1, pp. 88–100, 1984. 

[7] Kartal, F. Gokkaya, H. “Aşındırıcı Su Jeti İle Tornalama Deney Düzeneği Tasarımı” 
International Iron& Steel Symposium, 02-04 Nisan 2012, Karabük, Türkiye. 

[8] Kartal, F. Gokkaya H., "Turning with abrasive water jet machining - a Review", 
Engineering Science & Technology, an International Journal , 2013, Vol. 16 Issue 3, p113-
122 

[9] F. Kartal, H. Gökkaya, M. Nalbant, "Turning of (Cu-Cr-Zr) alloy with abrasive water jet" 
21st International Conference on Water Jetting, Ottawa, Canada. September 2012 

[10] Kartal, F. Gokkaya H., "The Effect of Process Parameters on Machining Volume and 
Depth of Cut in Turning Operation of AISI 1040 Steel with Abrasive Water Jet". 
Pamukkale J Eng Sci. 2014; 20 (1): 20-24 

[11] F. Kartal, M. H. Cetin, H. Gökkaya, Z. Yerlikaya, "Optimization of Abrasive Water Jet 
Turning Parameters for Machining of Low Density Polyethylene Material Based on 
Experımental Design Method" International Polymer Processing, vol. 29 (4), pp. 535-544, 
(2014). 

[12] M. Hashish "Macro Characteristics of AWJ Turned Surfaces" 2001 WJTA American 
Waterjet Conference August 18-21, 2001 o Minneapolis, Minnesota 

[13] I. Ansari A. M. Hashish "Effect of Abrasive Waterjet Parameters on Volume Removal 
Trends in Turning" Journal of Engineering for Industry, November 1995, Vol. 117 / 475. 

[14] http://www.ccohs.ca/oshanswers/phys_agents/exposure_can.html. 
[15] http://www.labour.gov.on.ca/english/hs/pubs/liveperformance/gl_live_sound.php. 
[16] http://www.isguvenligi.net/gurultu/. 
[17] http://www.cem-instruments.com/en/pro/pro-385.html.  

http://www.ccohs.ca/oshanswers/phys_agents/exposure_can.html
http://www.labour.gov.on.ca/english/hs/pubs/liveperformance/gl_live_sound.php
http://www.isguvenligi.net/gurultu/

