
Nontraditional Manufacturing Processes: MF30604

Mid SCIll Exam Time: 2hours Full Marks: 6()

Attempt all questions.

Part - A
1. (4x5=20 marks)

1. What is the basic principle of laser operation? What special properties of laser beam are
utilized in laser drilling applications?

11. Name three popular lasers that are used in cutting applications. What role does O2 gas
play in O2 assisted laser cutting of steel sheet?

iii. Describe briefly the laser keyhole welding processes?
iv. Schematically show the basic construction of an electron beam machining system. What

are the important operating parameters in e-beam machining process?
v. How is plasma produced in a plasma arc cutting machine? What is non-transfer arc and

what are its applications?

2.
i. A C02 laser beam has the following characteristics:

Wavelength = 10.6 urn, M2 = 4, Beam waist radius = 5 mm, Laser power = 500 W.
The beam is focused with a lens of 100 mm focal length on a surface. Estimate the laser
beam divergence, laser focal spot diameter and laser power density at the surface.

(2+1+J=4 marks)

II. A 5 mm steel plate is heing cut (It I kW laser power with a fiber laser. The focal spot
diameter on the sheet is 300 urn. Assuming that the kerf width is equal to the laser
beam diameter, estimate the maximum speed at which the plate can be cut at 1 kW laser
power. The laser power coupled during the cutting process IS 70%.
The properties of steel are as the following:

Density = 8000 kg/nr', Specific heat = 500 Jlkg.oe, Melting temperature = 1500 "c,
Latent heat of fusion = 300 kJlkg. (4 marks)

Hi. In e-beam cutting of titanium the specific power, i.e. electron beam power required to
remove one mnr' material per minute is 6 W/(mm3/min). What is the minimum electron
beam power required to produce a 0.5 mm width slit in Imm thick titanium sheet at
6m/min speed? (3 marks)

iv. The depth of penetration ofa 100 keY energy electron beam in steel is 30 urn. Estimate
the penetration depth of a 200 keV energy e-beam in turIgsten. Consider the density of
steel and tungsten as 8 g/crrr' and 19 g/cnr' respectively. (3 marks)

v. A 10 mm diameter hole is to be drilled in a 1 mm thick steel plate with a pulsed
Nd: YAG laser which can give 1-20 J per pulse energy at 10Hz repetition rate. The
laser beam can be focused to 500 urn minimum spot diameter. What is the minimum
laser pulse energy you will select and what will be the minimum machining time
required for drilling a single through hole? You may neglect the room temperature and
assume that 70 % laser energy is coupled in the material during drilling process, 60%
material is removed by evaporation and remaining by melt ejection.
The steel properties are: Density=8000 kg/nr', Specific heat = 500 J/kg.DC, Melting

temperature = 1500 DC, Boiling temperature = 3000 DC, Latent heat of fusion =
300kJlkg, Latent heat of evaporation= 6000 k.I/kg. (6 marks)

P.TO



Part B
1. What are the needs or non-traditional manufacturing processes? What are their typical

characteristics? Ilow arc the non-traditional manufacturing processes classified?
12+2+2=6 marks/

4. (a) Explain the material removal mechanism in electric discharge machining. (You arc
required to show the schematics of various sequences during discharge).

(b) What are the merits and demerits of the following as EDM dielectric fluid?
(i) deionised water, (ii) kerosene

(c) Recast layer is normally undesirable in EDM and we often employ additional post-
processing methods to remove it. Why?

[4+2+2=8 marks]

5. For a relaxation type generator in EDM, following data is given.
Charging resistance=50 Ohm, C=1 0 ~F, Supply voltage= 200 V, Breakdown voltage
=I 50V, Resistance of the discharge circuit 20 Ohm. The condenser is discharged to a
voltage of ]0 V during deionization. Calculate
(i) Charging time before break down takes place,
(ii) Minimum charging current,
(iii) Maximum discharge current, and
(iv) Duty factor of the EDM set up.

[lx4=4 marks]

6. A through hole (diameter=10 rnm) in a plate (5 rnm thick) is to be drilled by EDM which
uses the relaxation pulse generator.
Estimate the time required to complete the job.
Given R=50 Ohm, C=10 ~F, Supply voltage= 200 V, Breakdown voltage=150 V, K)=O.l8
for obtaining MRR in mnr'zmin..

[2 marks]

*** END ***


