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Derive the atomic packing factor for a hexagonal close packed structure.
Derivation with diagram — 10Marks

[10]

CO1| L3

To produce a p-type semiconductor, boron is doped in pure silicon. Doping is done by
B,O, vapour. The atmosphere is equivalent to a surface concentration of 3X10% boron
atoms per cubic meter. Calculate the time required to get a boron content of 10 atoms
per cubic meter at a depth of 2.5um. The doping temperature is 1100°C and D at this
temperature is 4X10™'m?/s.

Given data — 2 Marks

Equation — 2 Marks

Steps and solution — 6 Marks

[10]

CO2| L3

Define fatigue failure. With diagrams explain three types of fatigue loading.
Definition — 2 marks
Types of fatigue with graphs — 8 marks

[10]

CO2| L1

a.Why is the surface of a metal considered to be a defect. What are grain
boundaries and why are they said to be defects?

Surface defect explanation — 4 marks

Grain boundary explanation — 6 marks

[6]

CO1l| L1

b. Define unit cell, space lattice, atomic packing factor and co-ordination number with
respect to crystal structure.
4 definitions — 1Mark each

[4]

CO1l| L1

The surface of a steel gear made of 1020 (0.2% carbon) is to be carburized at
027°C. Calculate the time required to increase the carbon content to 0.4% at 1mm
below the surface if the carbon potential at the surface is 1.2%. Diffusion co-
efficient at 927°C is 1.28 x 10" m%/sec and erf (0.9) = 0.8
Given data — 2 Marks
Equation — 2 Marks

Steps and solution — 6 Marks

[10]

CO2| L3
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Problem 8 A 1020 steel is to be gas carburized at 927°C. The carbon content of the surface of
the gear 1s 0.90%% and the steel has a nominal carbon content of 0.20%. Calculate the carbon

content at 0.5 mm beneath the surface of the gear after 5 hours carburizing time.

D =128x10 " m’/sec. Take error function values erf (0.5) = 0.5205 and erf (0.55) =0.5633.

Solution : Temperature = 927°C =927+ 273 =1200K
Carbon content of the gear = C_ = 0.2%
Carbon content at the surface = C.=0.9%
Depth of Carburization=x =0.5mm =0.5x 10 *m
Time of Carburization=1r = 5 howrs
=5 x 60 x 60 = 18000 seconds.

Q27

I

l

¥ ed at a distance of x = (.5 ¢ surface
To find Carbon content (C) needed at a distance of x = 0.5 mm from th

C,—-C, ] - 5 )
w.k.t. C = = erf 2\/5

-3
0.9 - ("‘ B [ 05%10
09-02 ~ 7| 2,/(128x10"")18000

0.9-C,
T erf(0.5208) 0 —aa. (1)
o 09—,
S AT A 3
“ cquation (1) reduces to,y = er/(0.5208) ... (3)
Itis clear that, erf (0.5208) = y lies between the 2 values given in the table below.
Le., Z e;f(z)
0.50 0.5205
0.5208 y=2?
0.55 0.5633
By interpolation, U208 050 o= D000
055-050  0.5633-05205
y=e3as 00000 s (4)
e ; 09-C,
Comparing equation (2) and (3) we have, y= T =0.538
0.9-C = 0.3766 C =0.523%
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