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Modern / Nontraditional Manufacturing Processes    

Thermal Material Removal Processes:                                                     

1. Laser Beam Machining, 

2. Electron Beam Machining

3. Plasma Arc Machining                                                                  

4. Electrical Discharge Machining

Mechanical Process for Material Removal

5. Abrasive Jet Machining

6. Ultrasonic Machining

7. Water Jet Machining

8. Abrasive Water Jet Machining

9. Electrochemical Machining including EC Grinding, Deburring,  

Honing, Electrostream Drilling, Shaped-tube Electrolytic Machining

10. Chemical Machining

mech14.weebly.com



Abrasive Jet Machining

* Machining Medium: Abrasive Particles, Typical Grit size ~10- 50m, 

carried by a high velocity air/gas jet through a 0.2-0.8mm  nozzle 

impinges on the workpiece at 150-300m/s velocity.                                 

* Power: Energy of compressed carrier gas converted to kinetic energy 

and coupled to the abrasive particles  High velocity jet

* Material Removal Mechanism:

Micro-cutting action as well as

brittle fracture of work material

by high speed abrasive jet.

* Exploited for cutting, etching,

cleaning, deburring, polishing,

and drilling processes.

* Differs from standard shot/

sand blasting process:

Finer grit size & better control of

process parameters for better

machining quality

150-

300m/s
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Abrasive Jet Machining

Abrasive particle jet                              

Abrasive grit size ~ 10- 50m      

Abrasive Jet Velocity ~100-300m/s 

Abrasive mass flow rate ~ 1-20g/min    

Carrier gas: Air /N2 /CO2
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Schematic of Abrasive Jet Machining Setup

Four major sub-systems:

1. Gas propulsion system: Steady supply of clean, dry gas from 

either an air compressor or high pressure gas cylinder,                

Utilized to propel the abrasive particles. 

Typical gas consumption: ~ 40 l/min. 

Most common gases: Dry Air from Compressor, 

Nitrogen and Carbon dioxide (No oxygen due to fire hazard)

1 2

3

4
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2. Metering system: Consists of a Powder Hopper/                                          

Feeder & Vibrating Chamber
*  Injects  a uniform & adjustable flow of abrasive                                     

particles into  the   gas stream 

*  Powder Hopper feeds powder into a Vibrating                                        

Chamber, which in turn facilitates controlled                                    

amount of powder to flow into the jet stream.          

* Powder flow rate is controlled by the amplitude  &                                     

frequency of vibration.     Typical Flow Rate ~10- 15g/min

3. Delivery system incorporating Nozzle: 
* Abrasive jet delivered through a nozzle                                                                    

on to the workpiece. 

* Nozzles materials: Tungsten carbide or Sapphire.

Nozzle opening size & shape: Either Round holes                                               

of 0.2 - 1.25mm diameter or Rectangular                                                      

holes ranging from 0.07x0.5 mm to 0.17x3.8mm

4. Abrasive collection system: Collection the                                         

particles coming off the  workpiece.
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Process Parameters: Major process variables that affect MRR are 

•Abrasive Type: Strength, Size & Shape

•Abrasive flow rate &  Mixing (Abrasive & Carrier Gas) Ratio

• Nozzle Gas pressure

• Nozzle-tip distance from workpiece

Abrasives: Different types of abrasive particles used for different 

applications

Abrasives Applications

Aluminum oxide Cleaning, cutting, deburring

Silicon carbide As above but for harder materials

Glass beads Matt polishing, cleaning

Crushed glass Peening, Cleaning

Sodium bicarbonate Cleaning, cutting soft materials

Particle sizes : 10- 50 micron.

Smaller sizes are more useful for polishing and cleaning

Larger sizes are best for cutting and peening.
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Carrier gas Abrasive Flow Rate

Air, CO2, N2

Nozzle Pressure – 2 ~ 10 bar 

Flow rate – 5 ~ 40 lpm

Velocity – 100 ~ 300 m/s                                    

Mixing ratio – mass flow ratio of abrasive to gas –
Mabs/ Mgas Optimum :  0.15

Stand-off distance – 1 ~ 15 mm,  increases with 

carrier gas pressure

Impingement Angle – 600 ~ 900 Abrasive 

Flow Rate ~1-20g/min.(Opt.~ 10g/min)     

Nozzle Pressure, Typical 80-90psi  

Constant Gas 

pressure

(Mass/time)

(Mass/time)

Grit Dia
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Nozzle Tip Distance (NTD): Working range – >  0.75mm- 75mm

* Material Removal Rate (MRR)- Optimum distance in the above 

range for maximum MRR, e.g. 14mm for Al203 grit size 50m  

and gas nozzle gas pressure 7bar

* Shorter NTD - Better accuracy &  definition,                         

Minimum kerf width and taper.

* Increased NTD, widened abrasive jet (divergence angle ~70), 

used for surface cleaning, peening, glass frosting
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In operation

Nozzle Wear  Diffuse jet stream   Material damage outside 

the intended line of cut  Known as stray cutting or overspray.

Rectangular nozzles create less overspray than Circular ones.

To control overspray: Use Masks made of either rubber or metal. 

Rubber masks-Easy to fabricate but give poor edge definition.

( Cryogenic cooling improves MRR and edge definition in AJMing 

of elastomers & polymers) 

Metal masks- Give better definition but erode faster.

Glass, 30 m Al2O3 grits,

Qiu et. al., Advanced Materials Research 

69-70 (2009)182-186
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Process Capabilities:

 Low MRR with AJM - Typically 15mm3/min.

 Can produce intricate details in hard, brittle  materials

 Slots as narrow as 0.12-0.25mm produced

 Typical tolerance ± 0.12mm 

 Minimum radius: 0.2mm

 Surface roughness: 10-50 microns

Steel as thick as 1.5mm & glass 6.3mm thick have been cut with 

AJM but at very slow rates with large taper. If taper is not 

acceptable, nozzle is tilted so that large taper is on the scrap.
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Application Examples:

 For drilling holes of intricate shapes in hard and brittle materials

 For machining fragile, brittle and heat sensitive materials 

e.g. ceramic carbides, thin titanium sheets, etc.

 AJM can be used for drilling, cutting, deburring, cleaning and   

etching. 

 Micro-machining of brittle materials 

 Cutting threads in glass rods, 

 Frosting glass and drilling glass wafers etc.

mech14.weebly.com



Operational / Process Summary:
Abrasives Type : Alumina (Al2O3) for brass & aluminum

Silicon Carbide (SiC) for S S & ceramics

Sodium Bicarbonate (NaHCO3) for Nylon, Teflon

Glass beads for polishing

Size: 10-50 micron

Abrasive Flow rate: 1-5 g/mim for fine work

5-10g/min for usual work

10-20g/min for heavier / thick cuts

Carrier gas: Dry air, N2 or CO2

Gas Flow rate: up to 40L/min

Gas pressure: 30-190psi

Gas flow velocity: 15-300m/s

Nozzle Material: Tungsten Carbide (WC) or Sapphire

Stand-off distance= 2.5-75mm

Nozzle opening : 0.12-1.25mm  / 0.075x0.5 – 0.17x3.8mm

Operating angle: 600 -900 to the surface
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Advantages:-
 Machines fragile & heat sensitive materials

 Low capital cost

 No part chatter or vibration

 Good for difficult to reach areas

 Machines very hard materials

Disadvantages: 

 Low MRR

 Stray cutting

 Taper

 Particles can be imbed into workpiece

 High Environmental load 
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Modeling of Material Removal:

Erosion by Abrasive Particles: 

A JM is a very complex process to model as this depends on many 

factors such as mass, velocity, shape, and size of the impinging 

particles, impinging angle and mechanical and physical 

properties of both erosive particles and eroded body.

Two types of wear mechanisms:

1. Wear caused by repeated deformation during collisions, 

eventually resulting in breaking loose of a piece of material: 

Brittle Fracture

- Dominant MR mechanism in hard & brittle materials 

- Material removal rate is highest for particle                                    

impinging at large angles

2. Cutting or shearing action of the free-moving particles

- Dominant mechanism of material removal                                                

in soft and ductile materials

- Wear by this mechanism is high at small impinging angles
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Assumptions for Process Simplification: 

i.   Abrasive particles are considered to be rigid and spherical 

bodies of diameter equal to the average grit size

ii. In case of ductile material, the material removed is equal to the 

volume of indentation

iii. In case of a brittle material, material removed is considered due 

to brittle fracture and the volume is assumed to be a hemisphere 

whose diameter is equal to the chord length of the indentation.

iv. Kinetic energy of the abrasives are fully utilized in removing 

materials
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From the geometry of Fig. we can derive the 

relation between abrasive particle size, d, 

indentation depth,  and half of the chord length r 

as:

r2 = [(d/2)2 - {(d/2)-}2 ]  d.  ---------(1)

Volumetric material removal per particle impact 
is given by:

For brittle materials (hemispherical brittle fracture)

B = (2/3) r3 = (2/3)  (d. )3/2 -------------(2).

For ductile materials (material removal is equal to 

the indentation volume)

D =   (2d)/2 ------------(3)

Fig. Indentation          

Geometry

d

If there are N number of particles impacts per unit 

time the material removal rate (MRR)  will be

MRR (Brittle) = (2/3)  N (d.)3/2 ----------(4)

MRR (Ductile)  = (N.2d)/2               -----------(5)

2 & high order terms neglected 
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Assuming that the entire kinetic energy is spent in creating indentation 

 in the material of hardness H, the value of  can be estimated from the 

energy conservation equation:

K.E.  of an abrasive grit of mass, m and velocity, V:

(½) m V2 = (1/2)[4/3. . (d/2)3. ].V2 =   (/12) . d3. .V2 --------(6)

Work done in creating indentation  in the material of hardness H (Pa)   

=   F.  =  r2.H. =  d.  .H.  = ½  .d.H. 2  ----------(7)

Equating (6) &(7)

(/12) . d3. .V2 = ½  .d.H. 2   = (/6H)1/2 (d.V)  -------- (8)

Number of particles N striking the workpiece can be estimated from the 

known value of abrasive mass flow rate, M*
a as

N =  M*
a / Mass of each particle = 6M*

a/.d3.  -------------- (9)

Substituting the value   & N in eqs. 4 & 5 we get

MRR (Brittle)    [(M*
a.V

3/2)/ (1/4.H3/4)]                   -- ------------- (10)

MRR (Ductile) = 0.5 (M*
a .V

2 /H) ---------------- (11)



0


0 0



From eq.1:   r2 = d.

mech14.weebly.com


