


Quiz Topics

Casting: V=SA vs. (V=SA)2

Forming: Force, elastic v. plastic deformation.

Process: shop,project,�ow,cell.

Systems: L = �w

Quality: Cpk , SPC.

Cost: allocations

Layered Manufacturing

MEMS Look this over!
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Photo Resists
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Laser Cutting Problem

A laser cutter cuts its material by evaporating the material along the cut line.
In terms of the following variables:

Quantity Variable Units
Mass m grams
Ambient Temperature to

�K
Melting Temperature tm

�K
Boiling Temperature tb

�K
Solid speci�c heat capacity cp J(kG)�1 �K�1

Latent heat of fusion hf J(kG)�1

Liquid speci�c heat capacity cl J(kG)�1 �K�1

Latent heat of vaporization hv J(kG)�1 �K�1

Density � kg=m3

Material thickness h m

Radius of laser spot r m

Power of the laser P W

write a formula which describes how much energy per gram is required to vaporize a
material.

Evaporize = m((tm � to)cp + hf + (tb � tm)cl + hv)
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Laser Cutting

The laser beam is focused onto a circle of radius r. Assume that all of the energy of the laser
is all delivered to this circle, and that all of the energy is used in the cutting process (ie, there
is no energy loss due to spectral absorption). Let � be the density of the material, and let h

be the material thickness. Write an equation governing speed of cutting to the power of the
laser, P .

The laser’s energy, P , is delivered uniformly over an area of �r2. In order to cut through this
material, a volume of �r2h mm3 must be evaporated. This volume will require

e =
�r2hEvaporize

�
Joules

of energy to vaporize. If P represents watts of laser power available, then P=e seconds are
required for the laser to cut through the material. Since the laser can safely move 2r during
this interval, the cutting velocity can be

vc = 2re=P

This assumes that none of the heat is lost to diffusion. In fact, if vc is greater than the rate of

diffusion, this is assumption is valid.
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Limiting Factors

What physical quantity limits how fast you can operate the following processes:

Turning

Delivery of power to cutting tool

Sand casting

Diffusion of heat

Injection molding

Diffusion of heat

Milling

Delivery of power to cutting tool

Forging

Force required to plastically deform metal

Die casting

Conductance of heat

Thermoforming

Heating of material to glassy state

MIG Welding

Delivery of current to melt weld area

Friction Welding

Generating enough heat via friction
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Short Answers

Why are nucleation agents added to a metal casting?

Nucleation agents promote equaxis crystal growth.

What happens to grain size as the cooling time increases?

Grain size decreases as cooling time increases.
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Forming [Q2 ’02]

You have been assigned to set up a manufacturing process for making license plates. You
will be responsible for setting up the line and ensuring it meets rate, quality and cost goals.

Material
Fails

A

B

C

�1 �2�

�

Which (if any) of these materials (A and/or B and/or C) can not be used to form the license
plate? Justify your answer with a short explanation.

Solution: Material C is not usable because it has no plastic deformation before failing � it is
perfectly elastic.
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Forming [Q2 ’02]

In the following process:

Blank
plate
shape

Form
outer
ring

Form
letter +
numbers

Punch
four
holes

Coat
Paint
Detail

Inspect

21 3 4 5 6

the maximum strain (�m) in the license plate falls within one of three categories:

a: 0 < �m < �1 b:�1 < �m < �2 c: �m = �2

Indicate (using a,b,c) the category which describes the maximum strain in each of the
following operations:

Operation 1 Operation 2 Operation 3 Operation 4

C B B C

Reasons

Material is cut.

Material is plastically deformed to accept geometry.

Material is plastically deformed to accept geometry.

Material is cut.
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