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Course GoalsCourse Goals

To appreciate what Manufacturing is all To appreciate what Manufacturing is all 
aboutabout
To provide with an understanding of To provide with an understanding of 
manufacturing processes, includingmanufacturing processes, including

ConceptsConcepts
ExamplesExamples
Some real world ApplicationsSome real world Applications

To provide students with an understanding To provide students with an understanding 
of the importance of manufacturing process of the importance of manufacturing process 
to the economy and to design decisions to the economy and to design decisions 
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What Is Manufacturing ?What Is Manufacturing ?

To make or process into a finished product, To make or process into a finished product, 
especially by means of a largeespecially by means of a large--scale industrial scale industrial 
operationoperation
Transformation of materials and information Transformation of materials and information 
into goods for the satisfaction of human into goods for the satisfaction of human 
needsneeds
Creation of Creation of wealthwealth through producing value through producing value 
for customerfor customer
Many activities are required to accomplish Many activities are required to accomplish 
this taskthis task
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The word is derived from Latin The word is derived from Latin 
(manus = hand, (manus = hand, factusfactus = made)= made)

Origin Origin ……
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Manufacturing: A Definition Manufacturing: A Definition ……

With this definition, who's in charge in a business: With this definition, who's in charge in a business: 
design, manufacturing, marketing, design, manufacturing, marketing, …… ??
What gives something value in the marketplace?What gives something value in the marketplace?
What do automation, integration and computer What do automation, integration and computer 
systems have to do with adding value?systems have to do with adding value?

The process of converting raw materials into The process of converting raw materials into 
products  that have value in the marketplaceproducts  that have value in the marketplace
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ManufacturingManufacturing

It is a Complex activity involving a wide variety of It is a Complex activity involving a wide variety of 
resources and activities such as:resources and activities such as:

•• Product DesignProduct Design Machinery & ToolingMachinery & Tooling

•• Process Planning     Process Planning     MaterialsMaterials

•• Purchasing               Purchasing               ManufacturingManufacturing

•• Production Control  Production Control  Support ServicesSupport Services

•• Marketing/Sales      Marketing/Sales      ShippingShipping

•• Customer ServiceCustomer Service
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Manufacturing Manufacturing -- Complexities involved !Complexities involved !

ProductProduct Number of PartsNumber of Parts

Lawn MowerLawn Mower 300300

Grand PianoGrand Piano 12,00012,000

AutomobileAutomobile 15,00015,000

CC--5A Transport Aircraft5A Transport Aircraft > 4,000,000> 4,000,000

Boeing 747Boeing 747 > 6,000,000> 6,000,000
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Basic ManufacturingBasic Manufacturing

Manufacturing is an age old topic, spanning the Manufacturing is an age old topic, spanning the 
entire history of modern man entire history of modern man 

There are some recurring themes in manThere are some recurring themes in man’’s s 
manufacturing techniquesmanufacturing techniques

CuttingCutting
GrindingGrinding
DrillingDrilling

The basic manufacturing processes generally work The basic manufacturing processes generally work 
one material mechanically with another materialone material mechanically with another material
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Major Milestones in ManufacturingMajor Milestones in Manufacturing

•• 19481948 Invention of the transistor. Invention of the transistor. 

•• 19521952 First prototype numericallyFirst prototype numerically--controlled controlled 
machine tool. machine tool. 

•• 19541954 Development of the symbolic language Development of the symbolic language 
APT (Automatically Programmed Tool); APT (Automatically Programmed Tool); 
adaptive control. adaptive control. 

•• 19571957 Commercially available NC machine tools. Commercially available NC machine tools. 
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•• 19701970 First integrated manufacturing system;     First integrated manufacturing system;     
spot welding of automobile bodies with spot welding of automobile bodies with 
robots. robots. 

•• 1970s1970s Microprocessors;                          Microprocessors;                          
minicomputerminicomputer--controlled robot;             controlled robot;             
flexible manufacturing systems;          flexible manufacturing systems;          
group technology.group technology.

Major Milestones in ManufacturingMajor Milestones in Manufacturing
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•• 1980s1980s Artificial intelligence;                          Artificial intelligence;                          
intelligent robots;                                    intelligent robots;                                    
smart sensors;                                 smart sensors;                                 
untended manufacturing cells.untended manufacturing cells.

•• 1990s 1990s Integrated manufacturing systems;    Integrated manufacturing systems;    
intelligent and sensorintelligent and sensor--based machines; based machines; 
telecommunications and global telecommunications and global 
manufacturing networks;                     manufacturing networks;                     
fuzzy logic devices;                          fuzzy logic devices;                          
artificial neural networks;                     artificial neural networks;                     
Internet tools.               Internet tools.               

Major Milestones in ManufacturingMajor Milestones in Manufacturing
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Definition of "Manufacturing"Definition of "Manufacturing"

Big "Big "MM" in Manufacturing" in Manufacturing
"Manufacturing" is a process for "Manufacturing" is a process for 
converting ideas and market or customer converting ideas and market or customer 
needs into artifactsneeds into artifacts

Includes design, procurement, test, finance, Includes design, procurement, test, finance, 
human resources, marketing, etc.human resources, marketing, etc.
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Big "M" Big "M" –– given by given by KalpakjianKalpakjian

Source: 
Kalpakjian 
4th p7
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Definition of "manufacturing"Definition of "manufacturing"

Little Little ““mm”” in manufacturing (production)in manufacturing (production)
manufacturing is the conversion of raw manufacturing is the conversion of raw 
materials into useful products materials into useful products 
The "traditional" definitionThe "traditional" definition
What you observe on the shop floorWhat you observe on the shop floor
"Shop floor" is where work orders and "Shop floor" is where work orders and 
machine instructions are converted into machine instructions are converted into 
hardwarehardware

Main focus of Main focus of this Coursethis Course
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Little "m" manufacturing is all about Little "m" manufacturing is all about 

Creating shapes by various means and Creating shapes by various means and 
assembling these shapes into a useful assembling these shapes into a useful 
productproduct
The processes used to transform raw material The processes used to transform raw material 
into finished productsinto finished products
A physical product always has a shapeA physical product always has a shape

FunctionFunction
AestheticsAesthetics

These shapes are created by a wide variety of These shapes are created by a wide variety of 
processesprocesses
These processes are part of the larger These processes are part of the larger 
Manufacturing processManufacturing process
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““MM””anufacturinganufacturing

C
ustom

er 
needs

People, money, machines and automation

Societal pressures, Government regulations, 
company plans and policies,  etc

P
roducts

manufacturing
Raw 

material

18ME4563  Intro to Manuf sharan
Ref include: Manufacturing Engineering & Technology Kalpakjian & Schmid, Dr. John Mills’ slides, UT Arlington 

Material
Transformation

ProcessesR
aw

M
at

er
ia

l A
ssem

bly

P
roducts

Machines and Automation

Materials Science, Statics, Dynamics, Thermodynamics, Fluid dynamics

““mm””anufacturinganufacturing ProcessProcess
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““mm””anufacturinganufacturing Process OverviewProcess Overview

P
roducts

Ingot
casting

Molten
Material

Powders

Casting
Shapes

Rolling Forging/
Press forming

Stamping

Pressing

Sheet metal
forming

Continuous
Casting/Rolling

Injection
Molding

M
achining

Finishing

R
aw

  M
at

er
ia

l

Special

Extruding

Single crystal
pulling

Firing/
Sintering

Increasing level of detail

Blow
molding

Assem
bly
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Is Manufacturing Difficult ?Is Manufacturing Difficult ?

Customer demands have increasedCustomer demands have increased
Traditional: Traditional: ““The customer can have any color as The customer can have any color as 
long as itlong as it’’s black.s black.”” -- Henry FordHenry Ford
Modern: Customers expect large product variety, Modern: Customers expect large product variety, 
reasonable price, superior quality, comprehensive reasonable price, superior quality, comprehensive 
service, and responsive deliveryservice, and responsive delivery

CanCan’’t depend on strength of the groupt depend on strength of the group
Success of Success of each individual firmeach individual firm is fundamentally is fundamentally 
determined by the effectiveness of its determined by the effectiveness of its 
management to adapt to the new globally management to adapt to the new globally 
competitive environmentcompetitive environment
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Where does Manufacturing stand ?Where does Manufacturing stand ?

ConceptConcept
DesignDesign
ManufactureManufacture
DistributionDistribution
OperationOperation
MaintenanceMaintenance
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In Manufacturing we have In Manufacturing we have --

Direct ProductionDirect Production
Often referred to as Often referred to as ““value addedvalue added””

operationsoperations
Cutting, shaping, grindingCutting, shaping, grinding
AssemblyAssembly

Necessary but not sufficient for effective Necessary but not sufficient for effective 
manufacturing operationsmanufacturing operations



12

23ME4563  Intro to Manuf sharan
Ref include: Manufacturing Engineering & Technology Kalpakjian & Schmid, Dr. John Mills’ slides, UT Arlington 

HighHigh--level systems orientationlevel systems orientation
Strategic planningStrategic planning
Product design, process developmentProduct design, process development
Plant design, capacity managementPlant design, capacity management
Plant scheduling, quality control, equipment Plant scheduling, quality control, equipment 
maintenance, workforce organizationmaintenance, workforce organization
Product distribution, supply chain management, Product distribution, supply chain management, 
interplant coordinationinterplant coordination
Direct productionDirect production

In Manufacturing we have In Manufacturing we have --
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Various Cost Elements in ManufacturingVarious Cost Elements in Manufacturing

Plant Equipment  Plant Equipment  
Material Used for ManufactureMaterial Used for Manufacture
LaborLabor
Energy (elect., thermal, etc.)Energy (elect., thermal, etc.)
Maintenance (of machines, systems)Maintenance (of machines, systems)
Training (as required)Training (as required)
Overhead (other support functions)Overhead (other support functions)
Other CostsOther Costs
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Manufacturing activities Manufacturing activities ––
responsive to several demands & needsresponsive to several demands & needs

•• Meet design requirements; product specs. And standardsMeet design requirements; product specs. And standards

•• Manufactured by environmentally friendly and economical Manufactured by environmentally friendly and economical 
methodsmethods

•• Quality Quality -- builtbuilt--in at every stagein at every stage

•• Production methods Production methods –– flexible to respond to changes in flexible to respond to changes in 
demand, types of products, production rates, quantities, demand, types of products, production rates, quantities, 
and  delivery time requirementsand  delivery time requirements

•• Manufacturing is viewed as a large system Manufacturing is viewed as a large system –– which can be  which can be  
modeled to study effect of changes abovemodeled to study effect of changes above

•• Constantly strive for quality and productivityConstantly strive for quality and productivity
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Quality Issues in ManufacturingQuality Issues in Manufacturing

Product DesignProduct Design
Relative to customer expectationsRelative to customer expectations
Product longevityProduct longevity
Ease of maintenance/repairEase of maintenance/repair

ManufacturingManufacturing
Inspection/Rework/ScrapInspection/Rework/Scrap
Warranty issuesWarranty issues
Customer satisfaction/loyaltyCustomer satisfaction/loyalty
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Cycle timeCycle time
Time to produce a productTime to produce a product

Response timeResponse time
Time to fulfill a customer orderTime to fulfill a customer order

Time to marketTime to market
Time to develop and introduce new product(s)Time to develop and introduce new product(s)

AdaptabilityAdaptability
Time to respond to changesTime to respond to changes

Customer requirements, external competition, etc.Customer requirements, external competition, etc.

Time/Speed Issues in ManufacturingTime/Speed Issues in Manufacturing
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Classification or TypesClassification or Types
Machine flexibilityMachine flexibility

Ease of making changes required to produce a Ease of making changes required to produce a given setgiven set
of part typesof part types

Process flexibilityProcess flexibility
Ability to produce a Ability to produce a given setgiven set of part types in different of part types in different 
ways perhaps with different materialsways perhaps with different materials

Product flexibilityProduct flexibility
Ability to change over to produce Ability to change over to produce newnew products products 
economically and quicklyeconomically and quickly

Flexibility in ManufacturingFlexibility in Manufacturing
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Classification (cont.)Classification (cont.)
Routing flexibilityRouting flexibility

Ability to handle breakdowns and continue producing a Ability to handle breakdowns and continue producing a 
given setgiven set of part typesof part types

Volume flexibilityVolume flexibility
Ability to operate Ability to operate profitablyprofitably at different production at different production 
volumesvolumes

Expansion flexibilityExpansion flexibility
Ability to expand the system easily and in a modular Ability to expand the system easily and in a modular 
fashionfashion

Flexibility in ManufacturingFlexibility in Manufacturing
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Classification (cont.)Classification (cont.)
Operation flexibilityOperation flexibility

Ability to interchange ordering of several Ability to interchange ordering of several 
operations for each part typeoperations for each part type

Production flexibilityProduction flexibility
Universe of part types that the manufacturing Universe of part types that the manufacturing 
system can producesystem can produce

Flexibility in ManufacturingFlexibility in Manufacturing
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Manufacturing Paradigms Manufacturing Paradigms (examples/models/patterns)(examples/models/patterns)

““Next GenerationNext Generation””
SystemsSystems

1990s and Beyond1990s and Beyond

SmallSmall

LowLow

ExcellentExcellent

ShortShort

HighHigh

HighHigh

Craft andCraft and
CustomCustom

Up to PresentUp to Present

SmallSmall

HighHigh

VariableVariable

LongLong

HighHigh

LowLow

MassMass
ProductionProduction

1800s to Present1800s to Present

Very LargeVery Large

LowLow

GoodGood

LongLong

LowLow

LowLow

AutomatedAutomated
ProductionProduction

1950s to Present1950s to Present

ModerateModerate

ModerateModerate

GoodGood

ModerateModerate

ModerateModerate

ModerateModerate

TimeframeTimeframe

QuantitiesQuantities

Unit CostsUnit Costs

QualityQuality

Delivery TimesDelivery Times

FlexibilityFlexibility

EnvironmentalEnvironmental
ConsciousnessConsciousness

HowHow

WhatWhat
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Classifying Manufacturing & Classifying Manufacturing & 
ProductionProduction

Batch Batch 
Production Production 

(chain (chain 
saws)saws)

Job Shop Job Shop 
Production Production 
(aircraft)(aircraft)

Product Variety or Part NumbersProduct Variety or Part Numbers

Product Product 
Quantity Quantity 
or Batch or Batch 

SizeSize

Mass Mass 
Production Production 

(automobiles)(automobiles)

Continuous Continuous 
Flow Flow 

Processes Processes 
(paper)(paper)
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Characteristics of Production MethodsCharacteristics of Production Methods
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IssuesIssues
Which strategy to use?Which strategy to use?
How to group machines?How to group machines?
How many machines are needed?How many machines are needed?
Where to locate machines?Where to locate machines?
What material handling methods are used?What material handling methods are used?
Where and how big are the inventory storage Where and how big are the inventory storage 
points?points?
How to assign products to machines or groups?How to assign products to machines or groups?

Manufacturing System DesignManufacturing System Design
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Manufacturing System DesignManufacturing System Design

Facility layout strategiesFacility layout strategies
Process layoutProcess layout

Group like machines together Group like machines together —— job shopjob shop

Group or family layoutGroup or family layout
Group machines to produce a set of products Group machines to produce a set of products —— cellular mfg.cellular mfg.

Product or flow line layoutProduct or flow line layout
Arrange machines by sequence of production Arrange machines by sequence of production —— assembly lineassembly line

Fixed layoutFixed layout
Product remains in central location and machines are brought Product remains in central location and machines are brought 
to it to it —— airplane, ship buildingairplane, ship building

36ME4563  Intro to Manuf sharan
Ref include: Manufacturing Engineering & Technology Kalpakjian & Schmid, Dr. John Mills’ slides, UT Arlington 

Some Control Loops & Manufacturing TermsSome Control Loops & Manufacturing Terms

FinalFinal
ProductProductAssemblyAssemblyPartsPartsProcessProcessWorkWork

StationStationCellCell

InventoryInventory

CenterCenterFactoryFactory

ProfitabilityProfitability

ProductProduct
QualityQuality

StationStation
PerformancePerformance

AverageAverage
TardinessTardiness

ProductProduct
RequirementRequirement

Max Max 
Production Production 

RateRate

ProductionProduction
ScheduleSchedule

InventoryInventory
ManagementManagement

Capacity/Capacity/
Master Master 

SchedulingScheduling



19

37ME4563  Intro to Manuf sharan
Ref include: Manufacturing Engineering & Technology Kalpakjian & Schmid, Dr. John Mills’ slides, UT Arlington 

Why are new manufacturing processes Why are new manufacturing processes 
being developed? being developed? 

New materials that are not suitable to traditional New materials that are not suitable to traditional 
machining methodsmachining methods
New approaches to design and manufactureNew approaches to design and manufacture
More complicated designsMore complicated designs
Tighter tolerancesTighter tolerances
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Manufacturing integrates knowledge Manufacturing integrates knowledge ……

Manufacturing integrates your Manufacturing integrates your 
knowledge of: knowledge of: 

Materials   Materials   
StaticsStatics/dynamics   /dynamics   
Phase changes/crystal growth Phase changes/crystal growth 
Fluid flow, statistics, control, etcFluid flow, statistics, control, etc
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Materials in Manufacturing  Materials in Manufacturing  

Nature of materials   Nature of materials   
Mechanical propertiesMechanical properties

yield strength vs. ultimate strengthyield strength vs. ultimate strength
Stress strain behaviorStress strain behavior

Flow propertiesFlow properties
ElasticElastic
InelasticInelastic

Microstructure/properties relationshipsMicrostructure/properties relationships
Review these in Ch. 2, 3, 4Review these in Ch. 2, 3, 4

Manufacturing integrates Manufacturing integrates ……
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StaticsStatics/Dynamics/Dynamics

Forces, Torques & Forces, Torques & 
Pressures Pressures 
Resolution of Resolution of 
forces/vectors forces/vectors 
Work, energy and powerWork, energy and power
Vibration and resonanceVibration and resonance

Manufacturing integrates Manufacturing integrates ……
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Phase change/crystal growthPhase change/crystal growth

SolidificationSolidification
Phase changesPhase changes
How crystals growHow crystals grow

Manufacturing integrates Manufacturing integrates ……
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Fluid flowFluid flow

Pressure/depth relationshipPressure/depth relationship
Relationship between velocity, pressure and Relationship between velocity, pressure and 
depthdepth
Turbulent vs. laminar flowTurbulent vs. laminar flow
Viscous vs. Viscous vs. viscoelasticviscoelastic behaviorbehavior

Manufacturing integrates Manufacturing integrates ……
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Examples Examples -- CastingCasting

Fluid flowFluid flow
Heat TransferHeat Transfer
Phase changesPhase changes
Crystal growth in pure metals and alloysCrystal growth in pure metals and alloys
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Vector forcesVector forces
Relationships among force, power and Relationships among force, power and 
energyenergy
Effect of deformation and temperature on Effect of deformation and temperature on 
crystal structurecrystal structure
Effect of temperature on microstructure Effect of temperature on microstructure 
(heat treating)(heat treating)
Machine dynamicsMachine dynamics

Examples Examples -- RollingRolling
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Shear stress strain behaviorShear stress strain behavior
Vector forcesVector forces
Relationships among force, power and Relationships among force, power and 
energy and shearing energyenergy and shearing energy
Machine dynamicsMachine dynamics
Thermodynamics and material expansionThermodynamics and material expansion

Examples Examples –– Material RemovalMaterial Removal
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Examples Examples -- Powder Processing for metals, Powder Processing for metals, 
ceramics and plasticsceramics and plastics

Surface scienceSurface science
ThermodynamicsThermodynamics
Effect of heat on microstructureEffect of heat on microstructure
SinteringSintering
Flow and rheology of powdersFlow and rheology of powders



24

47ME4563  Intro to Manuf sharan
Ref include: Manufacturing Engineering & Technology Kalpakjian & Schmid, Dr. John Mills’ slides, UT Arlington 

The ability to create shapes, components and assembled The ability to create shapes, components and assembled 
products relies on several physical phenomenaproducts relies on several physical phenomena

The liquid to solid phase transformationThe liquid to solid phase transformation
Create the required shape in the liquid form then Create the required shape in the liquid form then 
solidifysolidify

The ability of certain materials to flow under stresses The ability of certain materials to flow under stresses 
greater than some limitgreater than some limit

"heat em and beat em""heat em and beat em"
The ability of powders to flow like liquid and for powders The ability of powders to flow like liquid and for powders 
to "sinter" and to "sinter" and densifydensify under heat and/or pressureunder heat and/or pressure

Useful for brittle materialsUseful for brittle materials
Additive methods Additive methods –– adding compounds to improveadding compounds to improve

Manufacturing ConceptsManufacturing Concepts
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The method chosen depends on the The method chosen depends on the 
material and the shape and properties material and the shape and properties 
requiredrequired

Manufacturing ConceptsManufacturing Concepts
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Create the shape in the form of a negative moldCreate the shape in the form of a negative mold
Pour in the liquidPour in the liquid
Solidify by Solidify by 

extractingextracting
HeatHeat
Liquid (e.g. water)Liquid (e.g. water)

reactions reactions 
Heat inducedHeat induced
ActivatorsActivators

Remove solid from moldRemove solid from mold
Casting conditions determine product propertiesCasting conditions determine product properties

Liquid to solid phase transformationLiquid to solid phase transformation
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Most metals and many plastics flow under stress when Most metals and many plastics flow under stress when 
the stress exceeds the "Yield stress"the stress exceeds the "Yield stress"
The stressThe stress--strain curve has three basic regionsstrain curve has three basic regions

Elastic Elastic -- Mechanical Deformation Energy recoveredMechanical Deformation Energy recovered
Yield stress Yield stress -- transition pointtransition point
Flow regime Flow regime -- Mech. Energy transformed into Mech. Energy transformed into 
deformation and heatdeformation and heat

NonNon--strain hardeningstrain hardening
strainstrain--hardeninghardening

Three kinds of stresses or strainsThree kinds of stresses or strains

Material FlowMaterial Flow
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•• Pure TensilePure Tensile
–– DrawingDrawing

•• Pure ShearPure Shear
–– Cutting, machining, turningCutting, machining, turning

Stress/strain conditionsStress/strain conditions

•• Pure CompressivePure Compressive
–– Open die forgingOpen die forging
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RollingRolling
Mostly compressive with some shearMostly compressive with some shear

ForgingForging
Extremely complex stress statesExtremely complex stress states

ExtrusionExtrusion
Combination of high compressive and shear Combination of high compressive and shear 
stressesstresses

BendingBending
Mostly shear with tensile and compressive Mostly shear with tensile and compressive 
componentscomponents

Stretching with bendingStretching with bending
Mostly shear with only tensile componentsMostly shear with only tensile components

Combined states of stressCombined states of stress
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Machining Machining 
Highly complex stress combination with high Highly complex stress combination with high 
levels of shear causing fracture in a controlled levels of shear causing fracture in a controlled 
mannermanner

Combined states of stressCombined states of stress
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Takes advantage of the ability of powders to flow like Takes advantage of the ability of powders to flow like 
a liquid and fill complex shapesa liquid and fill complex shapes

Can be dry powders or slurries (particles Can be dry powders or slurries (particles 
suspended in a liquidsuspended in a liquid
The powders can be compacted byThe powders can be compacted by

PressurePressure
Extracting the liquidExtracting the liquid

This forms a green body which is brittle and weakThis forms a green body which is brittle and weak
Heating to high temperatures causes the powder Heating to high temperatures causes the powder 
particles to "sinter" or fuse together and for a particles to "sinter" or fuse together and for a 
strong, nearly 100% dense productstrong, nearly 100% dense product

Powder processingPowder processing
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Similar to metal bulk deformation Similar to metal bulk deformation 
Silicate glasses have no yield stress but Silicate glasses have no yield stress but 
require high temperatures for flowrequire high temperatures for flow
Plastics have a yield stress but require only Plastics have a yield stress but require only 
room or modest temperatures to allow flow room or modest temperatures to allow flow 
behaviorbehavior

Glass and Plastic FormingGlass and Plastic Forming
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Some Some functional parametersfunctional parameters affected affected 
by manufacturing processesby manufacturing processes

Mechanical properties (Strength, Hardness, Mechanical properties (Strength, Hardness, 
Fatique, Ductility, Resistance to environment)Fatique, Ductility, Resistance to environment)
TolerancesTolerances
Surface finishSurface finish
Resistance to corrosion and abrasionResistance to corrosion and abrasion
Electrical propertiesElectrical properties
Thermal PropertiesThermal Properties
AppearanceAppearance
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Examples of general Examples of general functionfunction--process process 
relationshipsrelationships

Cast metals tend to be brittleCast metals tend to be brittle
Forging adds strength along flow linesForging adds strength along flow lines
Machining is cost effective for small lot sizesMachining is cost effective for small lot sizes
Casting, forging and extrusion have high Casting, forging and extrusion have high 
setup costs but low production costssetup costs but low production costs
Heat treatment affects hardness, strength, Heat treatment affects hardness, strength, 
corrosion resistance and fatigue propertiescorrosion resistance and fatigue properties
Machining results in lots of scrap (the Machining results in lots of scrap (the buy to buy to 
fly ratiofly ratio))
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Buy to Fly RatioBuy to Fly Ratio

The weight of the purchased raw material divided by The weight of the purchased raw material divided by 
the weight of the final partthe weight of the final part

ProcessProcess Buy to fly ratioBuy to fly ratio
MachiningMachining 1.1 1.1 -- 5050
Hot closed die forgingHot closed die forging 1.2 1.2 -- 1.51.5
Sheet metal formingSheet metal forming 1.1 1.1 -- 1.251.25
ExtrusionExtrusion 1.1 1.1 -- 1.31.3
Permanent mold castingPermanent mold casting 1.0 1.0 -- 1.21.2
Powder metallurgyPowder metallurgy 1.0 1.0 -- 1.051.05
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Critical FactCritical Fact

You cannot design any hardware without You cannot design any hardware without 
taking into account the production process taking into account the production process 
used to make that product used to make that product 
Manufacturing  considerations must be Manufacturing  considerations must be 
included in the design as early as possibleincluded in the design as early as possible
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Various Dimensions in Manufacturing Various Dimensions in Manufacturing --

Product relatedProduct related
Product Creative Characteristics  (How new Product Creative Characteristics  (How new 
products differ from previous ones) products differ from previous ones) 
Product Size (physical dimension)Product Size (physical dimension)
Product Complexity/SophisticationProduct Complexity/Sophistication
ScopeScope

Process/organization relatedProcess/organization related
Material FlowMaterial Flow
Degree of AutomationDegree of Automation
OrganizationOrganization
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Product Creative Characteristics Product Creative Characteristics 

How new products differ from older/previous How new products differ from older/previous 
onesones

Original design itself is modified Original design itself is modified 
Selection of design Selection of design –– amongst several amongst several 
Configuration of the design  Configuration of the design  
Parametric design Parametric design –– a design based on certain a design based on certain 
limiting factors  limiting factors  
Redesign Redesign –– based on newer requirementsbased on newer requirements

Various Dimensions in Manufacturing Various Dimensions in Manufacturing --
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Product Size (physical dimension)Product Size (physical dimension)

A individual device on a computer chipA individual device on a computer chip
A computer chip  A computer chip  
A televisionA television
An automobileAn automobile
A Navy cruiserA Navy cruiser

Various Dimensions in Manufacturing Various Dimensions in Manufacturing --
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Number of product parts/amount of Number of product parts/amount of 
electronics/intelligenceelectronics/intelligence

A nailA nail
A TVA TV
A car or truckA car or truck
A 777 aircraftA 777 aircraft
A satelliteA satellite
A CPU chip (15 million A CPU chip (15 million 
components)components)
Mars sojournerMars sojourner

Various Dimensions in Manufacturing Various Dimensions in Manufacturing --
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Product Scope Product Scope 

Number of people and disciplines involvedNumber of people and disciplines involved
ArtisanArtisan
Garage/machine shopGarage/machine shop
General Motors, Arlington PlantGeneral Motors, Arlington Plant
Boeing Commercial AircraftBoeing Commercial Aircraft
ShipbuildingShipbuilding

Various Dimensions in Manufacturing Various Dimensions in Manufacturing --
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Material flow in manufacturingMaterial flow in manufacturing

How the work is organized on the shop floorHow the work is organized on the shop floor
Discrete parts (traditional job shop)Discrete parts (traditional job shop)
Cellular (New machine shops)Cellular (New machine shops)
Semicontinuous Semicontinuous 
Continuous flow (bottle making)Continuous flow (bottle making)
Process (chemical industry and oil refineries)Process (chemical industry and oil refineries)

Various Dimensions in Manufacturing Various Dimensions in Manufacturing --
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Degree of AutomationDegree of Automation

How much automation exists on the shop How much automation exists on the shop 
floorfloor

ManualManual
Machine assistedMachine assisted
Computer controlled Computer controlled -- islands of automationislands of automation
Computer integrated manufacturingComputer integrated manufacturing

Various Dimensions in Manufacturing Various Dimensions in Manufacturing --
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Company OrganizationCompany Organization

How the enterprises organize to produceHow the enterprises organize to produce
TraditionalTraditional
LeanLean
AgileAgile
Next GenerationNext Generation

Various Dimensions in Manufacturing Various Dimensions in Manufacturing --
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Specific trends Specific trends -- Lean ManufacturingLean Manufacturing

No waste of any kindNo waste of any kind
Material wasteMaterial waste

No scrap No scrap -- process right each timeprocess right each time
WorkWork--inin--ProcessProcess
Pull material flow (KANBAN system)Pull material flow (KANBAN system)

Personnel wastePersonnel waste
Cross functional teamsCross functional teams
Design product so there is only one way to assemble Design product so there is only one way to assemble 
product (pokeproduct (poke--aa--yoke)yoke)

Time WasteTime Waste
Concurrency in operations where possibleConcurrency in operations where possible

ManufacturingManufacturing
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Flexible manufacturingFlexible manufacturing

The ability to manufacturing multiple The ability to manufacturing multiple 
products on a single lineproducts on a single line

ManufacturingManufacturing
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Agile ManufacturingAgile Manufacturing

The ability to thrive and prosper in an The ability to thrive and prosper in an 
environment of constant and unanticipated environment of constant and unanticipated 
changechange
Agile Manufacturers must be able to change Agile Manufacturers must be able to change 
their business processes in hours to weeks to their business processes in hours to weeks to 
satisfy new and short lived customer satisfy new and short lived customer 
demandsdemands
Design cycle times reduced ten foldDesign cycle times reduced ten fold
Production process changes in minutesProduction process changes in minutes

ManufacturingManufacturing
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Agile, lean and flexible ManufacturingAgile, lean and flexible Manufacturing

Some Lean and Flexible proponents also Some Lean and Flexible proponents also 
claim agilityclaim agility
The name is not important The name is not important -- the trends the trends 
identified areidentified are

Lean + Flexible = AgileLean + Flexible = Agile

ManufacturingManufacturing

72ME4563  Intro to Manuf sharan
Ref include: Manufacturing Engineering & Technology Kalpakjian & Schmid, Dr. John Mills’ slides, UT Arlington 

Some Agile Manufacturing ImplicationsSome Agile Manufacturing Implications

Flexible workforceFlexible workforce
Flexible business processesFlexible business processes
Dynamically reconfigurable production Dynamically reconfigurable production 
processesprocesses
No wasteNo waste
Just in time productionJust in time production
LustLust--toto--dust cycle extremely shortdust cycle extremely short
Virtual or Extended EnterprisesVirtual or Extended Enterprises

ManufacturingManufacturing
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Next Generation Manufacturing Next Generation Manufacturing -- Global Global 
DriversDrivers

Ubiquitous availability and distribution of Ubiquitous availability and distribution of 
informationinformation
Accelerating pace of change of technologyAccelerating pace of change of technology
Rapidly expanding technology accessRapidly expanding technology access
Globalization of markets and business Globalization of markets and business 
competitioncompetition
Global wage and job skills shiftsGlobal wage and job skills shifts
Environmental responsibility and resource Environmental responsibility and resource 
limitationslimitations
Increasing Customer expectationsIncreasing Customer expectations

Source: Next Generation Manufacturing - A Framework for Action: Volume II, published by the Agility Forum, Bethlehem, PA, 1997
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Next Generation Manufacturing Next Generation Manufacturing --
AttributesAttributes

Customer responsivenessCustomer responsiveness
Physical plant and equipment responsivenessPhysical plant and equipment responsiveness
Human Resource responsivenessHuman Resource responsiveness
Global market responsivenessGlobal market responsiveness
Teaming as a core competencyTeaming as a core competency
Responsive business practices and culturesResponsive business practices and cultures

Source: Next Generation Manufacturing - A Framework for Action: Volume II, published by the Agility Forum, Bethlehem, PA, 1997
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Next Generation Manufacturing Next Generation Manufacturing -- The The 
DilemmasDilemmas

Employee security without lifetime employmentEmployee security without lifetime employment
Simultaneous satisfaction of all stakeholder needsSimultaneous satisfaction of all stakeholder needs
Practicing collaboration within knowledgePracticing collaboration within knowledge--based based 
competitioncompetition
Controlling core competencies without owning themControlling core competencies without owning them
Managing assets when the most valuable asset is Managing assets when the most valuable asset is 
knowledgeknowledge
Keeping domestic jobs while developing global Keeping domestic jobs while developing global 
marketsmarkets
Rewarding learning in a reward for doing Rewarding learning in a reward for doing 
environmentenvironment
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Where is it leading to ?Where is it leading to ?

???  ???  

Please complete reading Please complete reading 
Chapter 1Chapter 1


