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The Impact of a Material on the |.
Manufacturing Process

= The designs, costs and processes required to produce an
item are dramatically impacted by the material in use.

= A material can be inexpensive but the required processes to
create an product may be lengthy very expensive. Examples
are sun glasses or cell phone covers

» Other materials like metals are more expensive. But, the
manufacturing costs are directly related to the design and
intended product use.

= Such as: A steak knife and a surgeons scalpel. Both are
precise cutting tools yet the design, metallurgy and
specifications of the scalpel place a far greater cost on the
final product. ( $20 - $200 )




The Impact of a Material on the |.
Manufacturing Process

= Exotic metals which are intended for use in extreme environments
not only are very expensive as raw materials but the processes used
to create a part are equally expensive.

= Consider the following which most people take for granted :

A passenger jet flying at 30,000 feet has two large jet engines. The

engines rotate at 20,000 rpm at a diameter of 17 feet. At this altitude

the atmosphere is very thin, low on oxygen and approx. 30 degrees

below zero at the front intake of the engine. 16 feet deeper into the

engine at the rear exhaust the temperature is 1500 degrees creating

30,000 Ibs. of force.

= The metals used in the engine must maintain structural integrity
while experiencing massive loads from all directions and the
dramatic thermal changes.

* This is expensive manufacturing
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Machining Materials

= There is a direct correlation between the hardness and
tensile strength of a material and the machinability.

= Aluminum, brass, plastics are soft and ductile. Cutters can
easily shear through and remove the material.

= Cast iron is easy to machine but extremely abrasive to
cutting tools and requires specialized coatings on tools.

= Steels though much harder vary dramatically in
machinability.

= The higher the carbon, nickel or chromium content in the
steel, the tougher the machining will be.

= Titanium, a very light, strong and flexible metal machines
similar to steel but a major friction issue causes excessive
heat and requires a limited cutting speed.

High Speed Machining
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Environmental Effects on Materials |.

All materials are affected by the environment during and after
manufacturing.

= Corrosion and oxidation from galvanic reactions from machine
coolants during machining processes.

= Humidity can cause corrosion even before a product is completely
machined.

= Thermal effects such as work hardening from friction during machining.

= Changes in microstructure from excessive temperatures and pressures
during machining can reduce the metals integrity.

= Aging & hardening from extended time at elevated temperatures.
= Dimensional changes from temperature variations.

= Micro cracks from sudden and extreme temperature changes.

= Ultraviolet light can discolor and alter materials.

Possible Classroom & |.
Lab Applications

= Research various metals and the elements within different
alloys. Ex: Steel vs. Stainless Steel , Copper vs. Brass

= Calculate the volume of a sample metal piece and weight for
density. Compare to known values

= Polish the metal samples and perform corrosion tests over
time in water and salt water. Chart the progress.

= Use thin metal stock, wood or plastics and setup a basic
bending test with weights and a ruler. Demonstrate the
strength of each metal at varying loads. Also measure the
deflection of the metal and determine any permanent
deformation.
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Mathematics
The Universal Language of |.
Manufacturing

= Weights

= Geometry

= Trigonometry
= Temperature
= Speeds

= Feed Rates E
= Dimensions i :
= Coordinates i3

= Percentages
= Torque Puthaspraan Theroen
= Costs / Labor / Time

Y
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Speaking the Universal Language l-

= Every aspect of manufacturing requires people with strong math skills
working in specific jobs and responsibilities.

= Wherever you go within a manufacturing company, the people will
communicate in numbers. Whether it's money, dimensions,
programming, time or weight, Math is the primary language.

= Examples?

Finance Depts. ------- Income, Expenses, Banking, Time

Human Resources Depts. ---- Salaries, Benefits

Engineering Depts. ---- Structures, Dimensions, Geometry

Facilities Depts. ---- Plant Maintenance, Repairs, Utilities

Manufacturing & Production Depts. — Tools, Equipment, Time

Processing Depts. — Percentages, Torque, Amperage

Shipping & Receiving Depts. --- Weights, Dimensions

7/30/2014



7/30/2014

Example 1 |8

= All manufacturing equipment including robots operate on a
multi dimensional position system. This system is directly tied
to a high school math class.

= The Cartesian Coordinate System
= Rotational or Angular calculations are equally important.

Example 2 I.

= The natural bridge between engineers and the manufacturing dept.
the engineering drawing. It speaks the universal language with
images and dimensions. At times, the people reading the drawing
need to perform conversions such as:

= Inch to metric conversions and visa versa.

= Angular conversions

= Trigonometry functions

= Geometry functions

= Coordinates for programming computerized equipment




Example 3

All manufacturing equipment that moves is
engineered to moved at controlled speeds and
feed rates. This ability is specifically designed
to control friction, heat, part surface finish and
production rates. These are a few formulas

= Dia X Pi X RPM / 12 = surface feet per
minute

= RPM X Inch per rev. = Inch per minute

* Inch per minute / (RPM x # of teeth) = Inch
per rev.

= Tool Dia. X % = Tool step over
= Surface Feet X 4 / Dia. = RPM
= Rotation speed = Seconds per second

Example 4

Manufacturers must quote customers the total cost of making a
product. That cost is the sum of the following items:

= Building overhead per hour
= Labor & Benefit per hour

= Machine cost per hour

= Tooling costs

= Material costs

* Processing costs

= Shipping costs

This requires a very deep knowledge of all of these expenses
as well as ensuring a profit.
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Questions -- Comments

Todays Project

= You will each drill 3 holes in three separate materials

= Aluminum — Brass -- Steel -

= The drilling operation will be done with your arm.

= You will notice that each material requires varying pressures
= You may notice other characteristics

You will be provided with a rating sheet to identify specific values and
observations. After we will compare as a team
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Drilling Experiment
Rate the Pressure Required

Scale of 1 - 10
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