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Answer the following questions, Use the drawing whenever possible
First question (20 mark)
1. Draw the Sand casting mold and what is the difference between a pattern and a core in sand molding?
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Pattern: Mold cavity is formed by packing sand around a pattern, which has the shape of the part

• When the pattern is removed, the remaining cavity has desired shape of cast part

• The pattern is usually oversized to allow for shrinkage of metal as it solidifies and cools

Core: a casting may have internal surfaces, determined by a core, placed inside the mold cavity to define the interior geometry of part

• In sand casting, cores are generally made of sand


2. What is meant by the term pouring the Molten Metal success, and what are factors that determine success, what is Bernoulli’s theorem?
	For pouring the Molten Metal be successful, metal must flow into all regions of the mold, most importantly the main cavity, before solidifying

• Factors that determine success:

( Pouring temperature

( Pouring rate

( Turbulence

Bernoulli’s theorem,
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where h= head, cm (in), p = pressure on the liquid, N=cm2 (lb/in2) ; ρ = density;
g/cm3 (lbm/in3); v = flow velocity; cm/s in/sec ; g = gravitational acceleration constant, 981 cm/s/s (32.2 x 12 = 386 in/sec/sec); and F = head losses due to friction, cm (in). Subscripts 1 and 2 indicate any two locations in the liquid flow


3. What are the types of shrinkage during solidification, and shrinkage allowance?
	shrinkage during solidification
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 (0) starting level of molten metal immediately after pouring; 

(1) reduction in level caused by liquid contraction during cooling 
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 (2) reduction in height and formation of shrinkage cavity caused by solidification shrinkage; 

(3) further reduction in height and diameter due to thermal contraction during cooling of the solid metal 

Shrinkage Allowance

• Patternmakers account for solidification shrinkage and thermal contraction by making mold cavity oversized

• Amount by which mold is made larger relative to final casting size is called pattern shrinkage allowance

• Casting dimensions are expressed linearly, so allowances are applied accordingly


4. In casting experiments performed using a certain alloy and type of sand mold, it took 155 sec for a cube-shaped casting to solidify. The cube was 50 mm on a side. (a) Determine the value of the mold constant in Chvorinov's Rule.(b) If the same alloy and mold type were used, find the total solidification time for a cylindrical casting in which the diameter D= 30 mm and length L= 50 mm.

	Solution:
(a) Volume V = (50)3 = 125,000 mm3
Area A = 6 x (50)2 = 15,000 mm2
(V/A) = 125,000 / 15,000 = 8.333 mm
Cm= TST/ (V/A)2= 155 / (8.333)2
= 2.232 s/mm2
(b) Cylindrical casting with D = 30 mm and L = 50 mm.
Volume V = πD2 L/4 = π(30)2(50) / 4 = 35,343 mm3
Area A = 2πD2/ 4 + πDL = π (30)2/ 2 + π(30)(50) = 6126 mm2
V/A = 35,343 / 6126 = 5.77
TST = 2.232 (5.77)2 = 74.3 s = 1.24 min.


Second question(20 mark)
1. What properties determine the quality of a sand mold for sand casting?

	• Strength - to maintain shape and resist erosion

• Permeability - to allow hot air and gases to pass through voids in sand

• Thermal stability - to resist cracking on contact with molten metal

• Collapsibility - ability to give way and allow casting to shrink without cracking the casting

• Reusability - can sand from broken mold be reused to make other molds?


2. Draw the steps of  Lost Wax Process processes
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(1) wax patterns are produced

(2) several patterns are attached to a sprue to form a pattern tree
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(3) the pattern tree is coated with a thin layer of refractory material

(4) the full mold is formed by covering the coated tree with sufficient refractory material to make it rigid
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(5) the mold is held in an inverted position and heated to melt the wax and permit it to drip out of the cavity
	[image: image9.png]



(6) the mold is preheated to a high temperature, which ensures that all contaminants are eliminated from the mold
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(7) the mold is broken away from the finished casting - parts are separated from the sprue


3. Define the power density, what the effect of power density on time of melting and how can be estimated?
	POWER DENSITY: can be defined as the power transferred to the work per unit surface area, W/mm2 (Btu/sec-in2).

The time to melt the metal is inversely proportional to the power density. At low power densities, a significant amount of time is required to cause melting. If power density is too low, the heat is conducted into the work as rapidly as it is added at the surface, and melting never occurs. It has been found that the minimum power density required to melt most metals in welding is about 10 W/mm2 (6 Btu/sec-in2). As heat density increases, melting time is reduced. If power density is too high—above around 105 W/mm2 (60,000 Btu/secin2)—the localized temperatures vaporize the metal in the affected region.
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where PD = power density, W/mm2 (Btu/sec-in2); P = power entering the surface, W (Btu/sec); and A = surface area over which the energy is entering, mm2 (in2).




Third question(20 mark)
1. What are the Influential factors on the quantity of heat required to melt and how can be estimated?
	The quantity of heat required to melt a given volume of metal depends on 

(1) the heat to raise the temperature of the solid metal to its melting point, which depends on the metal’s volumetric specific heat, the melting point of the metal, and 

(2) the heat to transform the metal from solid to liquid phase at the melting point, which depends on the metal’s heat of fusion. 

To a reasonable approximation, this quantity of heat can be estimated by the following equation:
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Where Um = the unit energy for melting (i.e., the quantity of heat required to melt a unit volume of metal starting from room temperature), J/mm3 (Btu/in3); Tm = melting point of the metal on an absolute temperature scale, 0K(0R);and K= constant whose value is 3.33x10-6 when the Kelvin scale is used (and K =1.467 x10-5 for the Rankine temperature scale).


2. Describe and sketch the AW process?
	A fusion welding process in which coalescence of the metals is achieved by the heat from an electric arc between an electrode and the work

· Electric energy from the arc produces temperatures ~ 10,000 F (55000C), hot enough to melt any metal

· Most AW processes add filler metal to increase volume and strength of weld joint 
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3. Describe the sequence of steps in the cycle of a resistance spot welding operation.
	Spot Welding Cycle
· (a) Spot welding cycle

· (b) Plot of force and current 

· Cycle: (1) parts inserted between electrodes, (2) electrodes close, (3) current on, (4) current off, (5) electrodes opened
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4. A welding heat source is capable of transferring 150 Btu/min to the surface of a metal part. The heated area is approximately circular, and the heat intensity decreases with increasing radius as follows: 50% of the power is transferred within a circle of diameter = 0.1 in and 75% is transferred within a concentric circle of diameter = 0.25 in. What are the power densities in (a) the 0.1-in diameter inner circle and (b) the 0.25-in diameter ring that lies around the inner circle? (c) Are these power densities sufficient for melting metal?
	Solution: (a) Area A = p(0.1)2/4 = 0.00785 in2

150 Btu/min = 2.5 Btu/sec.

Power P = 0.50(2.5) = 1.25 Btu/sec

Power density PD = (1.25 Btu/sec)/0.00785 in2 = 159 Btu/sec-in2

(b) A = p(0.252 - 0.12)/4 = 0.0412 in2

Power P = (0.75 - 0.50)(2.5) = 0.625 Btu/sec

Power density PD = (0.625 Btu/sec)/0.0412 in2 = 15.16 Btu/sec-in2

(c) Power densities are sufficient certainly in the inner circle and probably in the outer ring for welding


Fourth question(15 mark)
Choose the correct answer (may be more than one answer)
1. A riser in casting is described by which of the following? 
(a) an insert in the casting that inhibits buoyancy of the core, (b) gating system in which the sprue feeds directly into the cavity, (c) metal that is not part of the casting, (d) source of molten metal to feed the casting and compensate for shrinkage during solidification, and (e) waste metal that is usually recycled

2. A riser that is completely enclosed within the sand mold and connected to the main cavity by a channel to feed the molten metal is called which of the following?          (a) blind riser, (b) open riser, (c) side riser, and (d) top riser
3. Which of the following qualifies as a precision casting process?                                 (a) ingot casting, (b) investment casting, (c) plaster mold casting, (d) sand casting, and (c) shell molding.
4. Which of the following casting processes are permanent mold operations?                 (a) centrifugal casting, (b) die casting, (c) low pressure casting, (d) shell molding, (e) slush casting, and (f) vacuum permanent-mold casting.
5. Which of the following metals would typically be die casted?                                    (a) aluminum, (b) cast iron, (c) steel, (d) tin, (e) tungsten, and (f) zinc
6. A flange weld is most closely associated with which one of the following joint types: (a) butt, (b) corner, (c) edge, (d) lap, (e) tee.
7. For metallurgical reasons, it is desirable to melt the weld metal with minimum energy input. Which one of the following heat sources is most consistent with this objective? (a) high power, (b) high power density, (c) low power, or (d) low power density.
8. The amount of heat required to melt a given volume of metal depends strongly on which of the following properties?                                                                               (a) coefficient of thermal expansion, (b) heat of fusion, (c) melting temperature, (d) modulus of elasticity, or (e) thermal conductivity. 
9. Which one of the following arc welding processes uses a nonconsumable electrode? (a) FCAW, (b) GMAW, (c) GTAW, or (d) SMAW.
10. "Stick" welding is a term sometimes applied when referring to which one of the following processes?                                                                                                     (a) FCAW, (b) GMAW, (c) GTAW, or (d) SMAW.
مع اطيب التمنيات بالتوفيق
ا.م.د/ صالح قيتباى
1. Answer. (c), (d), and (e).
2. Answer. (a) and (c)
3.  Answer. (b) and (c).
4. Answer. (a), (b), (c), (e), and (f).
5. Answer. (a), (d), and (f).
6. Answer. (c)
7. Answer. (b)
8. Answer. (b) and (c)
9. Answer. (c)
10. Answer. (d)
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