











Manufacturing Employment and Wages

Employees, April 2008 13,545,000
Manufacturing businesses, 2005 333,460

Average manufacturing compensation, 2006 $68,860
Average national compensation, 2006 $56,717

Manufacturing Share of the Economy, 2007

National Manufacturing Growth 19.5%
Gross Domestric Product ($ trillions) $13.

Manufacturing share of the economy
($trillions) $1.6

Manufacturing as percent of GDP 11.7%
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Source: Bureau of Labor Statistics and Bureau of Economic Analysis Real Output === Employment




1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

MFG Labor Costs = = Machinist Costs = = Service Costs Machine tools

Source: Bureau of Labor Statistics Total wages & benefits per person Index - 1994 = 100
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Gross Domestic Product = === === A|| Manufacturing = = Durable Goods

Source: Bureau of Economic Analysis
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In Billions of U.S. Dollars

Imports ($821.3) Exports ($506.7)
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COMPUTER & ELECTRONIC PROD (334)

TRANSPORTATION EQUIP (336)
MACHINERY; EXCEPT ELECTRICAL (333)
MISC MANUFACTURED COMMODITIES (339)
PRIMARY METAL MFG (331)

EL EQUIP; APPLNCS & COMPONENTS (335)
FABRICATED METAL PROD; NESOI (332)

FURNITURE & FIXTURES (337)
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Source: Office of Trade and Industry Information (OTII), Manufacturing and Services, International Trade Administration, U.S. Dept. of Commerce
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Manufacturing Rest of Workforce

SOURCE: Department of Commerce, NAM
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1.71 average

Source: Census Bureau
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SOURCE: Labor Department

[0 Manufacturing B Non-farm Business
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Stamping
Molding
Machined Parts
Dies, molds,
prototypes

Machine tools

Electrical/
electronics

VA/FTE
Employ turnover
VA/FTE
Employ turnover
VA/FTE
Employ turnover
VA/FTE
Employ turnover
VA/FTE
Employ turnover
VA/FTE
Employ turnover

25th
$54,687
31.6%
$36,199
31.6%
$54,687
46.3%
$59,235
27.0%
$66,621
37.3%
$30,567
47.1%

E, %
3

Median
$74,249
17.1%
$53,331
17.1%
$64,012
23.3%
$67,625
17.9%
$90,271
16.3%
$43,007
28.3%

75th

$89,316
8.3%
$72,492
8.3%
$84,529
11.7%
$82,117

9.1%
$69,929
11.7%

90th

0.0%
$112,439
0.0%
$105,566

5.3%
$91,577
5.6%
















Advanced Ceramics

Excellent properties of advanced ceramic materials:
High Strength to weight ratio
Electrical and thermal insulation
Good wear resistance
Chemical stability

The total value of the U.S. advanced ceramic components
market was for 1997 and this would increase to

approximately by 2002. (Abraham, 1999)

the hardness and brittleness of those materials make

manufacturing cost account for of the final ceramic part cost.
(Konig and Wageman, 1993; Sinhoff et al., 2001)




Zirconia Silicon Nitride Alumina Silicon Carbide




Concepts of Laser-Assisted Machining

Silicon Nitride
Fracture Stress
Yield Stress

#o$% & (()*

L ower cutting forces
Longer tool life




Economics of LAM of Silicon Nitride

O tool changing/dressing O Tool

B Part loading/unloading B Machining

@ Machining time E Depreciation

Due to higher operation

Parts being (un)loaded time and overhead

four grinders

Longer machining time
due to lower MMR
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Manufacturing cost per part ($)

Diamond grinding Diamond grinding

Four grinders are assumed, but only one CNC lathe is required for LAM

MMR: 9 mm?3/s for LAM, 1.8 mm?/s for grinding, G ratio: 50

PCBN tool life in LAM: 40 min, dressing wheel after wheel wear 10um

Loading & unloading part on each machine: 2 min, operation cost $100/hour cutting length 20 mm

Dia. 8.6mm, average d: 0.7mm







Dl Laser Beam Coaxia With Powder Jet
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Traverse Direction
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Project

Develop an intelligent system that uses techniques of
soft computing and artificial intelligence to learn, control,
monitor, and optimize a variety of complex precision-

grinding processes without trial and error.
Place Image Here

Potential Impacts

« Market share increases for U.S. grinding machine
industry in existing and new markets;

« Cost saving of $1 billion annually to grinding operations
October 2004 to September 2007 in many industries critical to the U.S. economy;

« New business creation, e.g., grind process diagnosis
and optimization services, database management, etc.
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