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Brief History of Water Jet Machining: 
 

In Russia, First patent in 1936 for the use of 

water jet cutting - boreholes in the coal mining. 
 

 

Dr. Norman Franz: The father of the water-jet.  

 Used ultrahigh-pressure (UHP~ 4000 

Bar) water jet as a cutting tool to slice thick trees 

into lumber during late 1950 & early 1960.   
 

 

In the early 1990s, Dr. John Olsen, a pioneer of 

the water-jet cutting industry (and co-founder of 

OMAX Corp.), introduced the concept of 

abrasive water jet cutting 
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Water Jet Machining & Abrasive Water Jet Machining 

High pressure water forced through a small hole  in the form of a high 

speed jet    

High speed fine jet incident on a sheet cuts through by erosion process 

Fast, flexible, reasonably precise, and easy to use.   

Pressure =                 

20,000-60,000 psi                  

(1300 - 4000 Bar ) 

Nozzle orifice,      

 = 0.2- 0.4mm         
Water jet velocity 

Up to 900m/s, 

Mech 3                       

Cuts all sorts of 

soft materials, 

Foam, Rubber, 

carpet, paper, thin metal sheets etc. 
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Machining Media: Water      /  Abrasive mixed Water  

Power: Potential energy of high pressure water is converted into 

kinetic energy of water jet / abrasive water jet. 

1. Low Pressure Booster   

 10 Bar pressure                  

2. Hydraulic drive: Positive 

displacement hydraulic pump                   

3. Additive Mixture: 

Stabilizer- Long chain 

polymer to hinder 

fragmentation of water jet             

4. Direction Controller               

5A  LP Intensifier                        

5B  HP Intensifier                  

6. Accumulator 

Equipment:  Basic requirement-                                                                                  

* High pressure water generator   

* Powder feeder & Mixture 
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Pw = Ph ( Aoil / A water) = Ph . Aratio                                                                 

Ph ~ 100Bar,       Aratio = 40                                                                                         

Pw = 4000 Bar (400 MPa) 

 

Hydraulic power pack delivers the hydraulic oil to the intensifier 

Intensifier increases the water pressure proportional to ratio of 

areas of the Oil piston and water piston 
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Use of an Accumulator with a Double Acting 

Intensifier to eliminate pressure fluctuation 
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Other Sub-systems:                                                                                                     

High pressure flexible SS 

water pipe line 

Cutting Nozzle with Sapphire 

orifice  

Catcher :   To absorb and                           

dissipate the residual                             

energy of  WJ 

For WJ a tube of                             

sufficient length                                 

(300- 600 mm) for                                  

jet to breakup                                      

completely before                                          

it reaches                                              

bottom of  tube. 

 

Orifice: 

Sapphire       

=0.2-0.4mm  
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Core zone,                                                

Xc:=  20-150 x Nozzle                                  

Velocity profile and density are 

uniform.  

Development of the Jet after Exiting from the Nozzle:  

Transition Zone: Develops as 

air interacts with the jet,                           

Xr = 90 to 600 x Nozzle ,                

Non uniform velocity profile   

Two phases: 

Water & Air 

Peak velocity 

decreases with 

distance from 

Nozzle 
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d= orifice diameter mech14.weebly.com



Air Entrainment 

>90% by Volume  

~3% by mass 
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Process Parameters: 

Water Pressure, MRR with pw 

Nozzle diameter, MRR with  

Traverse  Rate,  

Standoff distance < 25mm,     Optimum ~ 3mm 
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 Pure Water-jet Cutting Machine Attributes 

Very thin stream (0.1 to 0.25 mm in diameter common range)  

Extremely detailed geometry  

Very little material loss due to cutting  

Non-heat cutting  

Cut very thick  soft materials such as foam, rubber 

Cut very thin metal sheets 

Usually cuts very quickly  

Able to cut soft, light materials (e.g. fiberglass                                                     

insulation up to 24” thick)  
Extremely low cutting forces  

Simple fixturing  
 

WJM Applications 

Cutting of materials such as plastics,                                                                         

thin metal, textiles, or foam 

Deburring 

Surface peening 
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Process Capabilities 

Material Thickness (mm) Speed (m/min) 

Corrugated Board 6.3 183 

Rubber 25 7.6 

Plywood 19 1.5 

Glass 12.7 1.5 

Foam rubber 50 152 

Paper 25 6 

Granite 6.3 15 

Aluminum 1.3 0.15 

Advantages:                                       

No tool reshaping cost          

Minimum kerfwidth          

Omni directional cutting     

High cutting rates                           

No HAZ                               

Dust-free Process 

Disadvantages:                     

Equipment moderately costly  

Not well suited for hard & thick 

materials                                     

Noise pollution                        

High pressure hazard                

Contaminated water disposal 
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MRR in WJM: 

Water Pressure = pw       Water density = w        Water jet velocity Vw  
 

Using Bernoulli’s Equation 

pw= ½ w.Vw
2   Vw =  (2pw/W)1/2                                     

 

There is some loss of energy in the orifice due to friction    
 

                               Vw = Cd.(2pw/w)1/2                                                                                     

where Cd- Discharge coefficient of the orifice ~ 0.8-0.98  

Power of the Water Jet: 

Pw = ½  ṁw Vw
2

           ( ṁw =Water mass flow rate = (/4)d0
2. w.Vw)        

 = ½ { (/4)d0
2. w.Vw.}Vw

2      = Cd
3. /4.d0

2.(8pw
3/w)1/2                  

 d0- Orifice diameter 

MRR  Pw 

MRR= [Cd
3. .d0

2.(pw
3/2w)1/2] /Uw,           where Uw is the specific 

energy, defined as energy required to erode unit volume of material by 

the water jet - a function of workpiece material properties.  mech14.weebly.com



Tungsten 

Carbide tube,  

=0.8-1.6mm, 

L=50-80mm 

Same as WJM:  Cutting Nozzle with 

Abrasive Mixing arrangement  
 

Material Removal: Mainly by abrasive 

erosion                                                             

Abrasive: Garnet (Group of Silicate 

minerals) , SiO2& SiC                         

Grit size: 0.1-0.6mm                                

Abrasive flow rate: 0.1-1.0 kg/min 

Abrasive Water Jet Velocity: Up to 900m/s 

Stand off distance:1-2mm                               

Cutting speed:  0.1-5m/min                              

Depth of Cut: 1-250mm 

Abrasive Water Jet Machining 
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Abrasive Water Jet Machine 

In mixing tube water transfers momentum to 

abrasive particles and they assume almost same 

velocity as they come out of orifice mech14.weebly.com



Process Parameters: 

Water Pressure  ( 170- 400MPa) &                               

Water Flow Rate ( 200- 900m/s) 

Abrasive Material, Hardness,                                                          

Size & Shape 

Orifice diameter 

Nozzle diameter 

Stand off distance 

Transverse speed 
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Catcher  
 * AWJ coming through the workpiece may have         

    sufficiently  high level of energy - can 

 *  can cause damage to part of the machine or operators.  

 * “Catcher” is used to absorb the residual energy 

 * Types of catcher –For AWJ water basin type, submerged   

               steel balls & TiB2 plate type  
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Abrasive Water-jet Attributes  
Extremely versatile process 

No Heat Affected Zones 

No mechanical stresses 

Easy to program 

Thin stream (0.020to 0.050 inch ) 

Extremely detailed geometry 

Thin & thick(10”) material cutting 

Stack cutting 

Small material loss due to cutting 

Simple to fixture 

Low cutting forces (<1 lb. in cutting) 

One jet setup for nearly all jobs 

Quickly switch from pure water-jet to                                    

abrasive water-jet 

Reduced secondary operations 

A little or no burr 

Applications: Although 

AWJ is capable of cutting 

virtually any material up to 

250mm thick it is best suited 

to the following materials:  

Aluminum: 3 – 75mm 

Stainless: 10 – 75mm 

Mild Steel: 20 – 75mm 

Brass/Copper/Bronze: 1- 75mm 

Aerospace materials: 1– 

75mm 

Rubbers/Plastics: 1–150mm 

Limitations/ Disadvantages:                  
Stray Cutting                            

High equipment cost               

Low nozzle life                          

High noise level & Hazard 

from rebound abrasives mech14.weebly.com



AWJ Cutting speed (ipm) of  ½” (12.5mm) 
thick plates of different materials 

mech14.weebly.com



SS plate (50 mm thick) 

machined with AWJ  

Different engineering components machined 

with AWJ  

(Photograph Courtesy – Omax Corporation, USA) 

Fine machining 

of quartz glass 
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Striation 

Top surface Bottom Surface 

Taper Cut 

Cut Quality           

Taper                     

Striation formation 

Surface Roughness 

Burr 

Cut Quality 
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MRR in AWJM:  

Power of the Water Jet 

Pw = ½ ṁw.Vw
2 = ½ {/4.d0

2. w.Vw }Vw
2                                                               

 = Cd
3. /4.d0

2.(8pw
3/w)1/2 

Momentum transfer from Water jet to Abrasive 

Assuming the initial velocity of abrasive negligible                            

ṁw.Vw = (ṁw +ṁa)Vaw 

Vaw = ṁw.Vw / (ṁw+ṁa) = Vw /(1+R),                                               

Where R = ṁa/ṁw = Abrasive loading factor                                      

Some momentum loss in collision with walls,                                       

Vaw =  Vw  / (1+R),       where =Momentum loss factor 

Power of the Abrasive phase of AWJ- 

Pa = ½ ṁa.Vaw
2 

Abrasive mass                           

flow rate = ṁa.            

Abrasive jet velocity = Vaw 

Water Jet mass 

flow rate = ṁw 

Water Jet 

velocity = Vw 
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Pa = ½ ṁa.Vaw
2 

    = ½ ṁa [ Vw  / (1+R )]2 

    = ½ ṁw.R [ Vw  / (1+R )]2 

     = ½ /4.d0
2.w .Vw .R[ Vw  / (1+R )]2 

    = ½ /4.d0
2 . w .Vw

3. R[/ (1+R )]2 

      = ½ /4.d0
2.w ..Cd

3(2pw /w) 3/2. R[/ (1+R )]2 

      = /4.d0
2.Cd

3(2 /w) 1/2. pw 3/2.R[/ (1+R )]2 
 

MRR  Pa 

MRR = Pa / Ua,        where Ua is the specific energy- energy 

required in machining an unit volume of material by AWJ 

 Uw >  Ua  therefore contribution of water in material 

removal is negligible. 

R = ṁa/ ṁw 

Express in terms of 

system and process 

parameters: Orifice 

diameter, water  density 

& pressure, abrasive 

loading factor mixing 
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MRR =  ht.w.Vt 

ht  = Thickness 

w  = Kerf-width                     

= Abrasive jet diameter                    

= Nozzle/ Insert diameter = di 

Vt = Traverse Speed 

MRR = ht.w.Vt  

Vt =  /4. { 1/ (Ua.di.ht)}.d0
2.Cd

3(2 /w) 1/2. pw 3/2.R[/ (1+R )]2 

 

For optimizing the Mixing ratio or loading parameter R for all other 

parameters constant 

Vt = K. R[1/(1+R)]2     where K is a constant 

For maximum Vt ,  Vt/R = 0                  R = 1,   i.e. ṁw = ṁa 

In practice, R = 0.5-0.6  

ht 

w 

Vt 
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Mixing Ratio R 
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Environmental issues and future developments  

The environmental issues 

relevant to AWJM are,  

• Water recycling  
• Spent water disposal  
• Chip recovery   
• Abrasive recovery and reuse  
 

R & D for use such mediums 

and abrasives that do not 

require disposal, recycling or 

lead to pollution.  

 

Cryogenic Abrasive Jet 

Machining :         

Medium- Liquid Nitrogen 

Abrasive: Solid CO2 
 

Little pollution 
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Commercial CNC water jet machining system and cutting heads  

(Photograph Courtesy – Omax Corporation, USA)  

mech14.weebly.com


