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Inswer the FYollowing Questions:

uestion(1
(a) Discuss the various losses occurring in a D.C generator .

(b) A shunt d.c generator delivers 195 A at a terminal voltage of 250 V. The armature resistance
and shunt field resistance are 0,02 O and50 () respectively. The stray losses equal 950 W .
Calculate : (i) e.m.f generated : (ii) copper losses
(iii) out put of the prime mover in KW i (iv) efficiency of the generator

Question (2)

(a) Discuss the torque / speed characteristic of a series d.c motor and explain why such motors
can not be started without mechanical load on its shaft .

(b) A 240V series d.c motor has an armature resistance of 0,06 () and field resistance of 0.04
produces full-load torque when running at 500 rpm taking a current of 40 A . If the effect of
saturation is neglected and the machine producing 1/4 full-load torque, calculate :

(i) the armature current. (ii) the motor speed

Question (3)

(2) Prove the condition for maximum efficiency of a single-phase transformer .

(b) A660/220V single-phase transformer takes a no-load current of 2 A at a power factor of
0.225 lagging . The transformer supplies a load of 30 A at a power factor of 0.9 lagging .
Calculate (i) the primary current (ii) the primary power factor

Question (4)

(a) Prove that for induction motors :
(i) the maximum starting torque occurs when R, = X0
(ii) the rotor frequency is given by f, = § f

(b) The power input to the motor of a 440 V, 50 Hz, 3-phase, induction motor is 42 KW . The
rotor frequency is 2 Hz and the stator losses are 2 KW . Calculate : (1) the slip
(i) rotor specd (iii) rotor copper loss (iv) mechanical power developed
(v) the rotor resistance per phase if the rotor current iIS65A.

uestion (5)
(a) Draw the phasor diagram of a loaded alternator for : unity p.f, lagging p.f, leading p.f.

(b) A 3- phase Y- connected synchronous generator rated at 10 KVA,230 V has a synchronous
reactance of 1.2 ) per phase and an armature resistance of (0.5 ) per phase . Calculate the
percentage regulation at full-load for power factor of :

(1) 0.8 lagging (ii) 0.8 leading (iii) unity

Guod Luck
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Answer all the following questions. The neat sketches are considered a part of yvour answer

Q1: State which of the following statements is true ( ¥ ) and which is false ( X ): (20 marks)
1. The core box is used to produce cores necessary for sand casting of hollow parts

2. lolting machines introduce the highest sand compaction near the pattern surface

3. Cores are not essential for production of a hollow stutue using slush casting process
The turbulence flow is more likely to occur by casting through the bottom gates

[n welding, increasing heat input rate reduces the width of HAZ

The highest oxyacetylene flame temperature is achieved by using the oxidizing flame

Brazing provides stronger and thermally more stable joints compared to soldering

= e | *p LA £

Dye-Penetrant method can be used to detect subsurface welding defects
In clectrochemical machining, workpiece hardness does not affect metal removal rate

10. Stream pressure is considered one of the main process parameters of Water Jet Machining

Q2: Select only one correct answer (20 marks)
| Expendable patterns are utilized in (sand and lost foam - lost foam and investment — centrifugal and
precision — plaster mold and precision) casting processes.

2. In sand casting, surface porosity defects are mainly caused by (lack of feeding — moisture in sand —
turbulence flow of molten metal - high temperature of molten metal).

3. The effect of gravity is less dominant in (centrifugal — semi-centrifugal — permanent mold -
centrifuging — investment) casting process.

4. In which welding process slag entrainment defects are expected? (SMAW — RSW - TIG — MIG)

5. (T1G = MIG — Submerged arc — Resistance) welding is more extensively used in automobile industry.

6. The temperature of the Thermit mixture to repair steel rails may reach (3200 - 320 — 2700 - 300) °C.

7. Which of the following techniques can be used for weld ing of plastics?

(Friction welding — SMAW — Brazing — Resistance welding)

8. Filler metals in soldering and brazing must have good (thermal conductivity — corrosion resistance -
electrical conductivity — capillary action) to accomplish a good weld joint,

9. In ECM, higher metal removal rate is obtained at:

a. low electrolyte resistivity and low voltage

b. low electrolyte resistivity and high voltage
¢. high electrolyte resistivity and low voltage
d. high electrolyte resistivity and high voltage

0. Tool wear is minimum in: ultrasonic machining — electrochemical machining — electrical discharge
machining — electrical discharge wire cutting



Q3: (10 marks)

a- Differentiate between the following:

i, The clectrodes used in shielded metal arc welding, GMAW, GTAW, and resistance spot welding, in
terms of their nature and the function.

2. Distructive and non-distructive tests of weldments.
3. Casting and welding in terms of: solidification, microstructutre, and heat flow

b- Name the letters for the welded joint shown in Figure 2.

(15 t-l-l_arks}

Q4: For the casting mold shown in Figure |
a- Name the parts 1 through 7 of the mold and gating system and mention briefly the function of each.

b- Find the necessarv mass to counteract the effects of metal head and the effect of buoyancy forces to
cast the shown hollow cylindrical part, Given that the core diameter is |10 mm and the density of the
casting and core materials are 7.6 and 1.8 p/em’.

c- A standard sand specimen (5.08 ¢m in height and 20.268 ¢m” area) was tested for permeability. It was
found that a volume of air of 2000 cm” was passed through the specimen in a period of 30 seconds.
Under a pressure of 3.5 em.water. Find the sand permeability.

e I ———

Using the table below to setup your answer, compare the following non-conventional machining processes:
USM — ECM — EDM with respect to the given terms as per table.

. —r |
Process l LSM ECM FDM

Principle (Only drawing) {Only drawing) (Only drawing)

Tool material

Waorkpicce material

Characteristics of cutting fluid

Function of cutting fluid |

!J'\Ln.r_«.|l.g|\_1_

Factors affecting metal removal rate

g
Q ¢ =300 mm
ik Pl

400 mm

50 mm

B Y,

& =110 mm

Figure 1

Blear wishes,



S TN ] Uails Asaly

Tede A/ 8 Al (MPD2211) 21sall Jua g / 5alall duaigl) 415
Slela ¥ 2 el ( Eli)di 43 iy Sl praalll y LY Aia acd

(A Vo) AuY) ALl e

=2s¥ Lyl
sl 1551 pan ) pea 7 1 -0
o o gl ) gl — S B - a8 0 B e B iS) Y
Aadll B S asdt) 13 Cnlieal (B L cua g gl 4 8 d9a g puling 1Al ¥
8 gy g A galall S gl IS s )l ma 83 -
=2 itill JI g/
-8 8 palia b I8
) goa Q) (5 50 Jas &R0 aa sl pa ibial) alile - alall fail 43, b
slall mha cad plalll 8 dasiieal) @l gaY) g sl aal G Al Y
STl 5 gl pladialy akidl) e alS3 ¥
-l N
G plad U caal) Aland aads aun ) as 830 PENI N
£ I8 Ml s gl g IR alall) g15l 08 Juaiilly Al _¥
padll g 5 sall alall) el g e Juadilly M
Adlagll 13 g N e panall i) Al 7 il -8
-s 8 A Jesd)
=108 B palidia BAu LS) )
o) el — Adla LAl LAY - s g gl alal

Er ol dga 0y el VAL st gl O caaall L gl sl alad lae B Y
?oda alall) Ales ¢ ja ;.u:ii.r.:..m;a,n)m%n_ij,&”ﬂ VA salll de ju cuils g el gd

il Cibiaill cibsf 24
) J.n.h_uiu.ih..a..cl.li.ill e /3|




Tanta University Final exam (June 2010)

Faculty of Engineering Heat transfer (ME2304)
Production Engineering & Time allowed 3 hours
Machine Design Department 12/6/2010

T ——————— S T ST TR S I e e T LT R LT T T e T e e T L S S a0
Bl el JUEGS) Jail A g Jglda alddddy - pay

Answer all the following questions

Question (1) (12 Marks)

a) Derive a relation for critical rachus of insulation for a sphere?

b) An insulated steam pipe having outside diameter of 3 cm is to be covered with
two layers of insulation each having a thickness of 2.5 ecm. The average thermal
conductivity of one material is 5 times that of the other. Assuming that the inner
and outer surface temperatures of composite insulation are fixed, how much will
the heat transfer be reduced when the better insulating material 1s next to the pipe

than it is outer layer?

Question (2) (12 Marks)

a) When may one expect radiation heat transfer to be important?

b) Discuss the mechanism of heat convection?

¢) A very long copper rod [k=372 W/m.°C|] 2.5 ¢cm in diameter has one end
maintained at 90 °C. The rod is exposed to a fluid whose temperature is 40 °C and

the heat transfer coefficient is 60 W/m’ °C. How much heat is lost by the rod?

Question (3) (10 Marks)

a) Define the following: thermal conductivity of a materal, thermal contact
resistance, and conduction shape factor.

b) A Consider a large 5 c¢m thick brass plate (k = 111 w/m.°C) in which heat is
generated uniformly at a rate of 2 x 107 w/m’, One side of the plate is insulated
while the other side is exposed to an environment at 25 °C with a heat transfer
coefficient of 44 w/m”.°C. Explain where in the plate the highest and lowest

temperatures will occur, and determine their values,

Question (4) (12 Marks)

a) Define irradiation and radiosity?



D)

What is Kirchhoff's identity?

c) Two large parallel planes having emissivities of 0.3 and 0.5 are maintained at

temperatures of 800 K, respectively. A radiation shield having an emissivity of
0.05 on both sides is placed between the two planes. Calculate (a) the heat-transfer
rate per unit area if the shield were not present, (b) the heat-transfer rate per unit

area with the shield present, (c) the temperature of the shield,

Question (5) (12 Marks)

a)

b)

What 1s meant by a lumped capacity? What are the physical assumptions
necessary for a lumped-capacity analysis to apply?

A short alummum cylinder 5.0 cm in diameter and 10.0 cm long is initially at a
uniform temperature of 200 "C. It is suddenly subjected to a convection
environment at 70 °C, and h=525 W/m’, °C. Calculate the temperature at a radial
position of 1.25 cm and a distance of 0.625 ¢cm from one end of the cylinder 1 min

after exposure to the environment; caleulate also the heat loss from the cylinder.

Question (6) (12 Marks)

a)
b}

c)

What are the heat exchanger types?
Define the heat exchanger effectiveness, and fouhng factor?

A small cubical furnace 50 by 50 by 50 cm on the inside is constructed of fireclay
brick [k=1.04 W/m.°C] with a wall thickness of 10 cm. the inside of the furnace is
mamtained at 500 "C, and the outside is maintained at 50 °C. Calculate the heat

lost through the walls.

[
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Answer all the following guestions

Question (1) (12 Marks)

a)

Derive a relation for critical radius of insulation for a sphere?

by An insulated steam pipe having outside diameter of 3 em 15 to be covered with

two layers of insulation each having a thickness of 2.5 em. The average thermal
conductivity of one material is 5 times that of the other. Assuming that the inner
and outer surface temperatures of composite insulation are fixed, how much will
the heat transfer be reduced when the better insulating material is next to the pipe

than it is outer layer?

Question (2) (12 Marks)

a)
b)

¢)

When may one expect radiation heat transfer to be important?
Discuss the mechanism of heat convection?

A very long copper rod (k=372 W/m.°C|] 2.5 cm in diameter has one end
maintained at 90 °C. The rod is exposed to a fluid whose temperature is 40 °C and

the heat transfer coefficient is 60 W/m®. “C. How much heat is lost by the rod?

Question (3) (10 Marks)

a)

Define the following: thermal conductivity of a matenal, thermal contact

resistance, and conduction shape factor.

b) A Consider a large 5 cm thick brass plate (k = 111 w/m.”C) in which heat is

penerated uniformly at a rate of 2 x 107 w/m’. One side of the plate is insulated
while the other side is exposed to an environment at 25 °C with a heat transfer
coefficient of 44 w/m’°C. Explain where in the plate the highest and lowest

temperatures will occur, and determine their values.

Question (4) (12 Marks)

a)

Define irradiation and radiosity?



b) What is Kirchhoff's identity?

c) Two lar e parallel planes having emissivities of (.3 and 0.5 are maintained at
temperatires ol 800 K, respectively. A radiation shield having an emissivity of
0.05 on koth sides is placed between the two planes. Calculate (a) the heat-transfer
rate per wt area if the shield were not present, (b) the heat-transfer rate per unit

area with the shield present, (c) the temperature of the shield.

Question (5) (12 Marks)

a) What 1s me int by a lumped capacity”” What are the physical assumptions
necessary fi ra lumped-capacity analysis to apply?

b) A short alu ninum cylinder 5.00 ¢m in diameter and 10.0 em long is initially at a
untform terperature of 200 “C, It is suddenly subjected to a convection
environmen at 70 °C, and h=525 W/m®. °C. Calculate the temperature at a radial
position of [ 25 cm and a distance of 0.625 ¢m from one end of the eylinder 1 min

after exposui ¢ to the environment; calculate also the heat loss from the cylinder.

Question (6) (12 Marks)

a) What are the 1eat exchanger types?

b) Define the h: t exchanger effectiveness, and fouling factor?

¢} A small cubice | furnace 50 by 50 by 50 cm on the inside is constructed of fireclay
brick [k=1.04 1 //im.°C] with a wall thickness of 10 cm. the inside of the furnace is
maintained at 3 )0 °C, and the outside is maintained at 50 °C. Caleulate the heat

lost through th - walls.

Jd
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Answer all the following guestions

Question (1) (12 Marks)

a)

h)

Derive a relation for critical radius of insulation for a sphere?

An insulated steam pipe having outside diameter of 3 cm is to be covered with
two layers of insulation cach having a thickness of 2.5 em. The average thermal
conductivity of one material is 5 times that of the other. Assuming that the inner
and outer surface temperatures of composite insulation are fixed, how much will
the heat transfer be reduced when the better insulating material 1s next to the pipe

than it is outer layer?

Question (2) (12 Marks)

a)

b)

When may one expect radiation heat transfer to be important?
[iscuss the mechanism of heat convection?

A wvery long copper rod [k=372 W/m"C] 2.5 ¢m in diameter has one end
maintained at 90 °C. The rod is exposed to a fluid whose temperature is 40 "C and

the heat transfer coeflicient is 60 W/m?, °C. How much heat is lost by the rod?

Question (3) (10 Marks)

a)

b)

Define the following: thermal conductivity of a material, thermal contact
resistance, and conduction shape factor.

A Constder a large 5 cm thick brass plate (k = 111 w/m.°C) in which heat 15
generated uniformly at a rate of 2 x 10° w/m’. One side of the plate is insulated
while the other side is exposed to an environment at 25 °C with a heat transfer
coefficient of 44 w/m”°C. Explain where in the plate the highest and lowest

temperatures will occur, and determine their values.

Question (4) (12 Marks)

a) Define irradiation and radiosity?



b)

c)

What 1s Kirchhotf's identity?

Two large parallel planes having emissivities of 0.3 and 0.5 are maintained at
temperatures of 800 K, respectively. A radiation shield having an emissivity of
.05 on both sides 1s placed between the two planes. Calculate (a) the heat-transfer
rate per unit arca if the shield were not present, (b) the heat-transfer rate per unit

area with the shield present, (¢) the temperature of the shield.

Question (5) (12 Marks)

a)

b)

What is meant by a lumped capacity? What are the physical assumptions

necessary for a lumped-capacity analysis to apply?

A short aluminum cylinder 5.0 ¢m in diameter and 10.0 cm long is initially at a
uniform temperature of 200 °C. It is suddenly subjected to a convection
environment at 70 °C, and h=525 W/m®. °C. Calculate the temperature at a radial
position of 1.25 cm and a distance of 0.625 cm from one end of the cylinder | min

after exposure to the environment: calculate also the heat loss from the cylinder.

Question (6) (12 Marks)

a)
h)

<)

What are the heat exchanger types?

Define the heat exchanger effectiveness, and fouling factor?

A small cubical furnace 50 by 50 by 50 cm on the inside is constructed of fireclay
brick [k=1.04 W/m."C] with a wall thickness of 10 ¢m. the inside of the furnace is
maintained at 500 °C, and the outside is maintained at 50 “C. Calculate the heat

lost through the walls.
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Answer all the following gquestions. The neat sketches are consideraed a part of vour answer

Q1: State which of the following statements is true ( ¥ ) and which is false ( X ): (15 marks)
1. The huge magnetic separators are of the means used to concentrate the wron ore.
2. Aluminum is produced in electrolysis cells by the decompaosition of cryolite

3. Induction heating of furnaces uses high voltage direct current.

4. Killed steels are free from oxygen,

5. The latent heat of fusion is taken as on of design considerations of heat treatment furnaces.

6o, The greater the surface area of the part to be austenitized, the longer i1s the soaking time.

Cuenching in air could be used to harden special steels with high Cr and Mo content.

§ TTT diagram provides information about the cooling rate and composition required to obtain certain
structure of steel.

9. On TTT diagram, the %o phase transformation 1s proportional to the isothermal transformation time.

). Quenching of stecl does not necessanly increase its hardness

()2: Underline the correct answer: (20 marks}
1. The charge of blast furnace consists of: (a) coke + hmestone *+ pig iron,
(b) coke + limestone | won ore; (¢) coke | limestone + scrap; (d) coke - limestone | sponge iron
2. Tuyers 1n cupola arc used for (molten metal collection — feeding the charge —air passage - tapping).
3. Stainless steels are best produced in (cupola — BOF — electne are furmace — Bessemer converter)

4. Excess air in [uel heated furnaces ( forms diffusion flame — maximizes the heat generated — leads to
incomplete combustion — reduces furnace thermal efficiency )

5, Eutectoid steel contains about (0.79%0 — 2,00% — 4.30% - 6.67%) of carbon.
6. The guide ways of lathe beds il aall 2 4 are hardened by

(a) carburizing (b) cvaniding (c) mitniding {d) induction hardening
7. The most gentle quench medum for hardening sharp edges is (molten salt bath — air — 01l — brine).
8. Hardenability 15

a) A heat treatment {o increase the hardness of steel

b} The ability of steel to be hardened by quenching

¢} The resistance of the matenal for indentation and scratching

d) The depth to which austenite can be transformed into pearlite
9. The most common nitriding agent i1s (ammonia — nitrogen - sodium carbide - sodium cyanide).

10.Given that the diffusion coefficient of carbon in a steel sleeve is 1.51*%107 em*/s at carburizing
temperature, then the caleulated casc depth after 15 min 1s:
(a) 1.65 mm (b) 0.21 mm (c) 1.17 mm () 0.27mm

1 N



Q3: Differentiate briefly between the following terms (15 marks)
a- Fumace, kiln, and oven.
b- Bauxite and alumina
¢- Premixed and diffusion flames
d- Pearlite, bamnite, and martensite
¢- Martempering and austempering
Q4: (15 marks)
a) What are the experimental procedure to construct an IT-diagram?
b) For the given [T-diagram draw the .
cooling paths (schematiclly) and find TR T T T T T ‘:zu i Ty <
the range of hardness values and the i ! [ | . .g
final microstructure of the following T e B ) : ; ! é
samples: = 1 |
Sample (1) is cooled from 1500°F t e R I e o I IR T
i 3L : : P L | | | i :
.._EE_LLJ 15 cooled Trom o - | 2 . Coarse Rearlite —{40
500°F in one sceond and then held at i i L | | s
SON°T T, e Firaller: 1% fic e et B v N i s s fe i i
500°F for 10hr. 1*11?1.1”}. it 15 cooled to ¢ LK Y ! | | Fine Peariite | 1o
room lemperature in Lhr = N “»,\]\L . i T [ I
. e B e < P | ' Upper Bainite | |-
g ) . o E r ne |
ﬂmp.ic j. ) 15 cooled from 1500°F to £ i ‘ PI?‘E ?ﬂ ! i
LOOOF 1n 2 seconds and then held at A [ '
gl N o 60} N o Lode
1000°F for one scecond. Finally, it is . _ |Lawer Bdinite | |,
cooled to 200°F m 7 seconds, BN | m*\[\ |
- L Ms| ; I.‘!_]l___..‘-_-,..;_:__h‘___. s
e M54 | I-T Di;:j;r.'llm | | | -
~——M30 | | L . f
- ftd | = _ =
— | I 1 Min, i Fowar 1 Da | 1 Wk [ra
RN . ||T|]r Ill!HI LA i1 III['l i
651 2 5 10 i m' 1w 1 10
T « Seconds
Q5: (10 marks)
a- Lixplain with the aid of sketches the principle of % Cooling rate, °Cjs
Jominy end-quench test for hardenability. 70 1o ‘v? 30 10 55 4.5
b- The hardenability test results of different steel
samples are shown at nght. Indicate which of these L e
steel tvpes have the highest and which have the & 80 Ng__-_._____; 4340
lowest hardenability. ¢ \\31 o T | in
¢- If you know that the 1040 is a plain carbon steel g " \ ‘\
with 0.4%(C, whercas the other; 3140, 4140, and E 20
4340 are alloy stecls containing also 0.4%%C. What \ ‘\
; e W
arc the-alloying elements you expect to find m 4340 20 “‘\ -
to achieve this hardenability behaviour? . ——
0 12 24 36 48
Distance from guenched end, mm
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TANTA UNIVERSITY MACHINE DESIGN
FACULTY OF ENGINEERING 2™ YEAR, 2009-2010
PRODUCTION ENG. & MECH. DESIGN DEPT. TIME: 4 Hours

STUDENTS ARE ALLOWED TO USE TABLES

1- A cantilever beam shown in Fig. 1 made of 0.2 % CD steel is subjected to a
load which varies from —F to 3F. The surface is ground. Determine the
maximum load that this member can withstand for an infinite life and 90%
reliability using a factor of safety of 2. Analyze at the change of the cross
section only (A-A). (Mark 15%)

2- Determine the diameter of the rivet for the bracket shown in Fig. 2, if the
maximum shear stress is limited to 63 MPa. (Mark 10%)

3- As shown in Fig. 3, a 3 tons hand screw press consists of a spindle (1), a nut
(2), a hand wheel (3), a pressure plate (4), and a cast iron frame (5) bolted to
a cast iron bed plate (6). Make complete design calculations for the

following:
a- The power screw with a trapezoidal thread (Check for buckling)
b- The nut, ¢- The hand wheel

d-The cast iron frame e- The 4 bolts fixing the press to the bed plate.
Then make a complete construction drawing for the machine showing all
details of construction and the main dimensions. (Mark 40%)

4- Figure 4 shows two views of the driving unit for a compressor. The motor
power and speed are 25 Kw and 1500 rpm respectively. The motor pulley
diameter is 250 mm. The driven shaft speed is 300 rpm. The center distance
between the driving and driven pulleys is 2500 mm. The height of the driven
shaft from the foundation is 700 mm. You are required to:

a- Design the Flat belt, assuming the allowable strength of belt material is
3 MPa, the specific weight of belt material is 10 KN/m®’ and the
coefficient of friction is 0.3.

b- Design the driven pulley.

c- Design the driven shaft considering the weight of the driven pulley is
2000 N.

d- Design the flexible coupling, assuming the bearing strength of the

rubber is 3.45MPa.

e- Design the two bolts fixing the bearing to the foundation.

(Mark 35%)

e ————————————
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Answer all the following questions, The neat sketches arc considered a part of your answer

Q1: State which of the following statements is true ( v ) and which is false ( X ): (15 marks)
1. The huge magnetic separators are of the means used to concentrate the iron ore.
2. Aluminum is produced in electrolysis cells by the decomposition of crvolite
3. Induction heating of furnaces uses high voltage direct current.
4. Killed stecls are free from oxygen.
3. The latent heat of fusion is taken as on of design considerations of heat treatment furnaces.
6. The greater the surface area of the part to be austenitized, the longer 15 the soaking time.

Quenching in air could be used to harden special steels with high Cr and Mo content.

8 TIT diagram provides information about the cooling rate and composition required to obtain certain
structure of steel.

9. On TTT diagram, the % phasc transformation is proportional to the isothermal transformation time.

10. Quenching of stecl does not necessarily increase its hardness

Q2: Underline the correct answer: (20 marks)

1. The charge of blast furnace consists of: (a) coke + limestone + pig irom;

(b) coke + limestone + iron ore; (¢) coke + limestone + scrap, (d) coke + limestone + sponge iron

(g

- Tuyers in cupola are used for (molten metal collection — feeding the charge —air passage — tapping).
3. Stamnless steels arc best produced in (cupola — BOF — electric arc furnace — Bessemer converter)

4. Lixcess air in fuel heated furnaces ( forms diffusion flame - maximizes the heat generated — leads to
incomplete combustion — reduces furnace thermal efficiency )

5. Eutectod steel contains about (0.79% — 2.00% — 4.30% — 6.67%) of carbon.
6. The guide ways of lathe beds 4 3l 3 i are hardened by

(a) carburizing (b) cyaniding (¢) nitriding (d) induction hardenmng
7. The most gentle quench medium for hardening sharp edges is (molten salt bath — air — oil brine).
8 Hardenabality is

a) A heat treatment lo increase the hardness of steel

b) The ability of steel to be hardened by quenching

) Thg resistance of the material for indentation and scratching
d) The depth to which austenite can be transformed into pearlite

9. The most common nitriding agent is (ammonia — nitrogen — sodium carbide — sodium cyanide).

10.Given that the diffusion coefficient of carbon in a steel sleeve is 1.51*10°° em?/s at carburizing
temperature, then the calculated case depth after 15 min 1s-

(a) 1.65 mm (b} 0.2]1 mm (c)l.17 mm (d) 0.27mm
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