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1. What is the principle behind abrasive jet machining?  

A jet of inert gas consisting of very fine abrasive particles strikes the work piece at high 

velocity (usually between 200-400 m/sec) resulting in material removal through chipping / erosive 

action.  

2. What is the mechanism of material removal in AJM?  

Erosion. Abrasive jet machining removes material through the action of a focused stream of 

abrasive-laden gas  

3. What are the major subsystems of AJM? AJM system consists of four major subsystems:  

a. Gas propulsion system  

b. Metering system  

c. Delivery system  

d. Abrasive collection system  

4. Why the abrasive particles not reused in the AJM?  

During the process, abrasive particles get contaminated with different gases used in the 

process, affecting their cutting efficiency; Also the cutting capacity decreases after the first 

application. Further, cost of the abrasive is also low.  

5. Why is AJM not suitable for soft materials?  

Abrasive particles used in AJM can penetrate and embed with soft materials. 

6. Name the abrasive materials that are used for the AJM.  

The common abrasives used for the AJM process are:  

i. Dolomite  

ii. Sodium Bicarbonate  

iii. Glass beads  

iv. Silicon carbide  

v. Silicon Nitride  

vi. Alumina  

7. Mention the abrasives used for different applications  

Abrasive  Application  

Aluminium oxide  Cleaning, cutting and deburring  

Silicon carbide  As above but for harder materials  

Glass beads  Matt polishing, cleaning  

Crushed glass  Peening, cleaning  

Sodium bicarbonate  Cleaning, cutting for soft materials  

8. Name different gases used in AJM. Which of this is most widely used?  

a. Dry air 

b. Carbon-di-oxide  

c. Nitrogen  

d. Helium  

Air is most widely used owing to easy availability and little cost.  



9. What is the effect of the grain size on the material removal rate (MRR) in the AJM?  

Finer grain sizes are less irregular in shape, and hence, posses lesser cutting ability. 

Moreover, finer grains tend to stick together and choke the nozzle. The most favorable grain sizes 

range from 10 to 50mm. Larger particle sizes remove the material faster. 

10. What is the effect of jet velocity on the MRR in AJM?  

The kinetic energy of the abrasive jet is utilized for metal removal by erosion. The jet 

velocity is a function of the nozzle pressure, nozzle design, abrasive grain size and the mean number 

of abrasives per unit volume of the carrier gas. In general with increase in the jet velocity, the MRR 

also increases. 

11. Define mixing ratio. What is the effect of mixing ratio on the MRR?  

Mixing ratio is the ratio of the volume flow rate of the abrasive per unit time to the volume 

flow rate of the carrier gas per unit time. A large value of mixing ratio should result in higher rates 

of MRR but a large abrasive flow rate has been found to adversely influence jet velocity and may 

sometimes even clog the nozzle.  

12. What is the effect of the abrasive powder flow rate on the MRR in AJM?  

Increasing the flow rate increases the removal rate because more abrasive particles are 

available for cutting. However as the powder flow rate is increased, the mass fraction of abrasive in 

the jet is also increasing. As the mass fraction increases, the abrasive velocity decreases, thus 

reducing the removal rate.  

13. What are common materials used for the nozzle in AJM?  

Sapphire and tungsten carbide are the common materials for the nozzle.  

14. Why are masks used in AJM? Which material is used for fabrication of masks?  

Masks are used to control over spray or to produce large holes and intricate detail without 

having to move the nozzle and trace the shape. Masks can be fabricated from rubber or metal, each 

having its advantage and disadvantage. While the rubber masks are easy to fabricate, they give poor 

edge definition. The metal masks give much better definition but erode faster. 

 

PART-B (16 MARKS) 

 

1. (i) Explain the principle of AJM. Mention some of the specific applications.   (6)  

(ii) Discuss in detail about the AJM process variables that influence the rate of material 

removal and accuracy in the machining.        (10)  

Hints: 

Abrasive Jet Machining (AJM) 

In Abrasive Jet Machining (AJM), abrasive particles are made to impinge on the work 

material at a high velocity. The high velocity abrasive particles remove the material by micro 

cutting action as well as brittle fracture of the work material. 

Principle 

A high speed stream of abrasive particles mixed with high pressure air or gas are injected 

through a nozzle on the workpiece to be machined  

Applications 

a. To machine hard and brittle materials 

b. Fine drilling and micro welding 

c. Machining of semiconductors 

d. Machining of intricate profiles 



e. Surface etching 

f. Surface preparation 

g. Cleaning and polishing of plastics, nylon and teflon  

 

 
Fig. Schematic Representation of Abrasive Jet Machining Process 

Process parameters 

a. Mass Flow rate 

b. Abrasive grain size 

c. Gas pressure 

d. Velocity of abrasive particles 

e. Mixing ratio 

f. Nozzle tip clearance 

 

2. (i) Explain the method of AJM with help of schematic diagram.    (10)  

(ii) Mention the advantages and limitations of AJM.     (6) 

Hints: 

 
 

Fig. Schematic Representation of Abrasive Jet Machining Process 



Applications 

a. To machine hard and brittle materials 

b. Fine drilling and micro welding 

c. Machining of semiconductors 

d. Machining of intricate profiles 

e. Surface etching 

f. Surface preparation 

g. Cleaning and polishing of plastics, nylon and teflon  

Advantages 

a. Process is suitable to cut all materials 

b. Even diamond can be machined using diamond abrasives 

c. No direct contact between tool and workpiece  

d. Low initial investment 

e. Good surface finish 

f. Used to cut intricate hole shapes 

Disadvantages 

a. MRR is slow 

b. Soft material cannot be machined 

c. Machining accuracy is poor 

d. Nozzle wear rate is high 

e. Abrasive powder once used can never be used again 

f. Requires some kind of dust collection system 

g. Cleaning is essential after the operation  

 

3. Explain the process parameters in WJM processes.     (16)  

Hints: 

Process parameters 

a. Material Removal Rate 

b. Geometry and surface finish of work material 

c. Wear rate of nozzle 

 
 

Fig. Schematic Representation of Water Jet Machining Process 

 

4. Explain the process parameters that influence WJM. List the applications and limitations of 

WJM. Also Briefly discuss the application and limitation of WJM.   (16)  

 

Hints: 



Process parameters 

a. Material removal rate 

b. Geometry and surface finish of work material 

c. Wear rate of nozzle 

 
Fig. Schematic Representation of Water Jet Machining Process 

Applications: 

a. Cutting  

b. Milling  

c. 3D Shaping 

d. Turning 

e. Piercing 

f. Drilling 

g. Polishing  

 

5. Explain the USM machine setup and discuss various process parameters.  (16) 

Hints: 

Principle 

A slurry of small abrasive particles are forced against the work piece by means of a 

vibrating tool and it causes the removal of metal from the work piece in the form of extremely small 

chips. It is also known as ultrasonic grinding or impact grinding. Ultrasonic refers to high frequency 

– above 20khz  

 
Fig. Schematic Representation of Ultrasonic Machining Process 



Process parameters 

a. MRR 

b. Grain Size, Abrasive Size, Concentration of Slurry, Amplitude of Vibration and frequency 

c. Tool material 

d. Work material 

e. Surface finish 

f. Tool wear rate 

g. Abrasive material & abrasive slurry  

 

6. (i) Discuss the influence process parameters of USM      (10)  

(ii) Give a note on the advantages and limitations of USM.    (6)  

Hints: 

Process parameters 

a. MRR 

b. Grain Size, Abrasive Size, Concentration of Slurry, Amplitude of Vibration and frequency 

c. Tool material 

d. Work material 

e. Surface finish 

f. Tool wear rate 

g. Abrasive material & abrasive slurry  

Advantages 

a. Extremely hard and brittle materials can be machined easily 

b. Noiseless operation 

c. Cost of metal removal is low 

d. No heat generation on this process 

e. Equipments are safe to operate 

f. Non conductive materials can easily be machined  

           Limitations 

a. Cannot produce ultrasonic frequency above 30 KHz 

b. Cost of piezoelectric crystal is high 

 

 

 

 

  


