
Chapter 1 - History of Engineering and Development of Industrial Engineering 

Early Developments of Engineering 
· Science 
· Concerned with quest of basic knowledge
· Engineering
· Science and Eng work hand in hand
· Mathematics is fundamental to all engineering developments 
· Model of complex and physical systems 
· Represent reality in abstract terms 

Modern Era of Engineering 
Began in 1750 
Engineering schools appeared in France
Civil engineering term used in 1750
Need for better management systems
Increased size and complexity of manufacturing units after rapid technological innovations (mass production) 
Industrial organizations emerged to capitalize on the rapidly developing array of technological innovations[image: ] 
Mass production was made possible by:
Interchangeability of parts
Specialization of labour 

The Engineering Process
Design of Systems 
Analysis
Resolving something to basic elements 
Existing system 
Synthesis
Combing elements into a whole
New system 
Dual arrows portray the iterative nature of the engineering process
One stage of analysis provides sufficient insight to postulate a particular design
This design provides additional information that changes the basis of the analysis 

Professional Ethics for Engineers
Involved in decisions with profound impact on society 
design of particular devices involve the safety of the user
design of processes that affect the environment
design and location of a factory affects the community 
Have responsibility to protect the public welfare
trade-off between costs and public welfare (e.g., safety)
Caught in controversy between their employer and the public
cheap design may mean an unsafe product
Professional licensing (e.g., OIQ - ordinaries …..de quebec)

Chronology of Industrial Engineering 
Emerged as the result of the industrial revolution
Need for technically trained people who could plan, organize, and direct the operations of large complex systems 
Need to increase efficiency and effectiveness of operations 
Scientific management 
human relations
Gantt charts
statistical quality control
inventory planning and control
facility layout and material handling
operations research
business and data analytics 

Definition of the Discipline 

Industrial Engineering is concerned with the design, improvement and installation of integrated systems of people, materials, information, equipment and energy. It draws upon specialized knowledge and skill in the mathematical, physical, and social sciences together with the principles and methods of engineering analysis and design to specify, predict, and evaluate the results to be obtained from such systems. 

Chapter 2  - Industrial and Systems Engineering  

IE’s design industrial systems 
all types of organizations not just manufacturing 
Concerned with improving performance for a very small piece of an existing system 
Human activity system (physical workplace)
manufacturing process itself
materials and all other resources utilized in the production process
machines and equipment
methods by which workers perform tasks 
layout of facilities and specification of material flow 
material handling equipment and procedures 
workplace design
storage space size and location
data recording procedures for management reporting 
procedures for maintenance and housekeeping
safety procedures 
Management control system (procedures for planning, measuring and controlling activities) 
management planning system
forecasting procedures
budgeting and economic analyses 
wage and salary plans
incentive plans and other employee relations systems
recruiting, training and placement of employees 
materials requirement and planning
inventory control procedures
production scheduling 
dispatching
progress and status reporting
corrective action procedures 
overall information system
quality control system
cost control and reduction
resource allocation
organization design
decision support systems 

The Nature of Systems
A system may be defined as a set of components which are related by some form of interaction, and which act together to achieve some objective or purpose
Components
individual parts/elements that make up a system
Relationships
cause-effect dependencies between components 
Objective
desired state or outcome which the system is attempting to achieve

Feedback Control System 
Open-loop system[image: ] 
not able to provide for its own modification
Non aware of its own performance
past action has no influence on future action
processes no means to provide for its own control or modification
output = f(input) but input does not equal output
toaster
watch[image: ]
auto without a driver
Closed-loop system
Has feedback loop
the system function that obtains data on system performance (output)
compares the actual performance to the desired performance 
determines modification necessary prior to the next execution of system performance 
aware of and influences by its own past performance
results of past action influences future action
sense its performance and automatically makes adjustments
output = f(input) and input = g(output)
toaster and operator 
watch and owner
auto with a driver

Components of a Production System 
Inputs
Primary resources
market
Conversion Process
performance monitoring
corrective action
Outputs 
product/service 

Decision Making
Strategic decisions
What, how where?
Product, processes, facilities 
Tactical Decisions
How much, when?
Production planning to meet demand
Control decisions
Planning and controlling operations 

Organizational Structure (chart) 
Organization
Marketing
Engineering
Production/Operations
Finance

IE Solve Problems
With a BROAD engineering foundations and overall approach
By realizing that systems always contain people
By being more people oriented in their solutions 
Work with PEOPLE to do things BETTER FASTER STRONGER//SAFER CHEAPER
Job opportunities in the goods/service industry
Manufacturing
Health care/hospitals 
financial institutions
transportation
port
government 
retail 
entertainment 
Successful industrial engineers must posses the ability to communicate effectively 

Current Factors Affecting Industrial Engineers
computers/advanced production technology
global competition
time-based competition
supply chain management 
sustainability movement 
big data
smart cities 
smart factories 

Chapter 3 - Manufacturing Engineering 

Designing the production process for a product
Includes all considerations pertaining to the process of production
Evaluating the manufacturability of the product
Process selection and parameters such as 
cutting tool material size, shape
cutting speed
depth of cut
Designing work-holding devices (jigs and fixtures) 
to secure and control the position of the workpiece during manufacture
Estimating the cost of manufacturing the part
Assuring the quality of the part produced 

Product - Production Design Interaction
Product design: develop and evaluate the ability of the part to perform its function
size, shape, strength etc. using knowledge of physics, strength of material, etc.
Manufacturing engineering
develop and evaluate the cost of producing the parts
limitation and cost of various alternatives  
Interaction between product designers and manufacturing engineer from the very beginning
designer opts to tight tolerances —> high processing cost
the manufacturing engineer opts for the largest possible tolerance 
Concurrent (simultaneous) Engineering
All elements of a product’s life-cycle
functionality
producibility
assembly
testability
maintenance issues, 
environmental impact 
disposal and recycling 
Functions of design eng and manu eng are integrated to reduce the elapsed time required to bring a new product to the market 
integration of key functions at the outset of a process in order to emphasize the simultaneous development of a product and its associated processes
most applied in aerospace industry 

Process Engineering
Design of the actual process to be used in the manufacture of the product
defining product structure and specifications
component manufacturability available processes
operations sequence
documentation 
Component manufacturability 
Relative ease/difficulty of producing the component within tolerance 
Tighter tolerances more expensive 
Standardized features
Size of hole vs commonly available drill size
Commonly available material vs particular characteristics 
Available processes
list of candidate processes for each item
compatibility of material 
ability to produce the desired tolerance 
part (re)design required to make it easy to produce 

Evaluating the Cost of Each Process[image: ] 

Purchase of a machine
Installation
Jigs/fixture
Space occupied 
Variable cost
material
labour
tools
Break even point (BEP)
point where manufacturing costs are equal for the two processes 

Determining the Sequence of Operations 
Minimization of material handling 
part is routed along the shortest path without backtracking
No succeeding operation adversely affects previous operations
leaving burrs, debris, scratches, etc.
Performing as many operations on each machine as possible 
Operations process chart can be used 

Industrial Processes
Refining and alloying
Casting
Metal forming
Metal cutting
Welding 
Assembly
Finishing 
3D printing - additive manufacturing 

Refining and Alloying 
Properties that are often tested
Tensile strength
Hardness
Impact Resistance 
Malleability 
Fatigue Resistance 
Corrosion Resistance 
Refining
Metal ore 
improves its usefulness
Blast furnace 
steel mill (open hearth, basic oxygen)
Different types of steel depending on the temperature and chemical composition of the furnace 
Alloying
Metals from primary operations do not have the properties necessary for the specific design 
Metallurgic transformation 
Improves hardness, strength and workability
Heat treating
Combining metals (alloys)
Casting
To obtain an approximate share from a metal 
Forming objects by pouring liquid metal into a cold and allowing the metal to solidify 
Mold design is critical 
Sand casting
Expensive for high production volume
Permanent molds 
Metal forming 
The metal is worked under pressure to form a desired snap and/or to improve its physical properties (hot or cold)
Hot working
temperature above crystallization
unusual shapes
Cold working
hold close tolerance, good surface finish 
Rolling
squeezing operation in which metal is elongated/widened 
Wire drawing 
operation in which a wire is reduced in cross sectional diameter by being pulled through a die 
Forging 
metal forming by intermittent applications of pressure instead of continuous compression
hammering of horseshoe 
Extrusion 
compressing metal beyond elastic limit and forcing it to flow through and take shape of an opening 
Bending
applying force to permanently distort the metal to a preconceived shape 
Drawing and stretching 
produce seamless vessels by applying pressure and forcing the sheet metal to take on the shape of a preconceived form 
Metal cutting
Shearing
Applying pressure and forcing the metal between two sharp edges
Blanking, parting, punching, nibbling, shearing along a straight line
Turning
Rotating the workpiece and cutting metal by feeding a cutting tool
Drilling
Opening, enlarging of finishing hole 
Shaping and planing 
Surfaces are cut by a reciprocating action
Shaping
the workpiece is stationary and the tool reciprocates 
Planing
the tool is stationary 
Milling
a revolving cutting tool with a number of teeth takes intermittent, successive cuts 
broaching 
similar to milling - cutting tool is not revolved; it is pushed or pulled 
sawing-filing
grinding 
removal of metal in small pieces to improve surface finishes on very hard metal 
Welding 
two pieces of the same metal are made to bond through the application of heat or pressure or both
electric art
resistance welding 
beam welding
thermal welding
pressure welding 
gas welding
brazing and soldering 




Ancillary Functions 
Tool design
Most effective and economical operation
Many parameters involved designing a simple tool 
Jig design 
Important phase of production manufacturing 
guides tool into the workpiece 
drilling
Fixture design 
Important phase of production manufacturing 
device used to hold and locate a workpiece
vise
Cost estimating
material
direct material
any material whose cost is directly chargeable to a product 
wood that goes into a wooden pencil
wood that goes into paper
indirect material
all other material cost
cleaning compounds for sweeping floors
paint cleaner for cleaning brushes 
labor
direct labour
any labour whose cost is directly chargeable to a product 
lathe operator who performs an operation on the product to be sold
painter who paints product 
indirect labour 
all other factory labour 
maintenance personnel 
foremen
inspectors 
overhead (indirect costs)
all cost of production other than direct labour or direct material
indirect material and labour 
Maintenance systems design 
preventative maintenance for exceptionally important machines
periodic maintenance 
emergency maintenance 
for machines that occasionally break
Packaging system
To protect the final product during transit against damage
various design options with their cost 

Chapter 4 - Facilities Location and Layout 

Facility
built or established to serve a purpose
Facilities management
location for that facility and the composition or internal layout of the facility once located
Examples
new plant because of increase in the demand over next 10 years
products must be transported to warehouse within a week 
Facility Location Considerations 
Made in 2 stages:
General location
must be determined 
market
raw materials
transportation
power
climate and fuel
labour and wages
laws and taxation
Exact site
must be selected from among those available in the general locale
transportation
power
labour and wages
laws and taxation
community service and attitude 
water and waste 
Facility layout
Long-term decision
Team of accountants, lawyers, marketing experts, executives, consultants, IE

Classification of Facility Location Problems
Objective
Distance measures
straight-line or Euclidian distance
intercity travel
rectilinear distance
urban setting (streets on the grid)
Number of facilities 
single
multiple

Analytical Tools for Locating Facilities 
Transportation Methods
Applicable to single-location facility location with a cost minimization objective 
Decision variables
number of units to be shipping from each source to each destination 
Goal: minimize shipment costs
The method can be tried for each candidate location
The one with the minimum transportation cost will be selected 
Center-of-gravity Method
Location of a blood bank in a city that minimizes distribution costs of shipping blood products to hospitals 
treats distribution cost as a function of the distance and quantity shipped 
urban setting
rectilinear distances 
Linear programming
mixed integer programming
used to determine the best distribution pattern for the plant in a certain location 

The Need For Layout Decisions 
Inefficient operations
Introduction of new products/services
Changes in design of products/services
Accidents/safety hazards
Changes in environmental or other legal requirements
Changes in volume of output or mix of products
Changes in methods and equipment
Morale problems 

Facility Layout Design 
Location of ares and impacts on system flow
System Productivity and costs are affected
Costs of layout
construction
installation
material handling
ease of future expansion
production
machine downtime[image: ] 
in=process storage 
safety 
ease of supervision 
Layout alternative limited by:
amount/type of space required/available 
Focus of IE
material handling cost
30-95% of production cost
variable cost
quantifiable 
Simultaneous design of layout and material handling system
Layout and resource management 
energy
water

Systematic Layout Planning (SLP) (SUMMARIZE ALL THESE)

Input data
Current and forecasted production of key points 
Flow of material 
Operations Process Chart 
Adjustment step (space requirement)
Space available (budget available)
Space relationship diagram (string diagram and space available)
Adjustments on previous steps
Finding the optimal layout
Computerized Layout Planning 

Product Layout/Line Flow Production/Continuous Production 
Useful in mass-production
Continuous flow of material 
Operations arranged in required sequence
Narrow product variety in high volumes
Standardized operations for smooth and rapid[image: ] 
large volume of one or similar products
paper
continuous[image: ] 
light bulbs
discrete
soft drinks
continuous and discrete 
Advantages
smooth flow lines
small in-process inventory
reduced production time and material handling 
machines located in order 
little operator skill
Limitations 
Breakdown of one machine = complete stop of the line
Less flexible in terms of changing the products 
Pace of productions = slowest machine
High investment 
identical machines, some of which are not fully utilized 
Process Layout/Intermittent Process/Job Shop
Job-lot production 
Lathes in one area, drills in another[image: ] 
Similar processes are together
Equipment that performs similar processes are grouped together 
Production flow varies according to the particular items being produced
Small volume of many different products
Bank
Hospital
Machine shop
Advantages 
Better utilization of machines
High degree of flexibility 
Lower investment in machines
Higher satisfaction of operators 
Limitations 
More expensive material handling
More difficult production planning and control
Large amounts of work-in-process inventory = more capital tied up
Higher grade of skill needed[image: ]
Fixed Position Layout 
Useful when the product is extremely large, heavy, bulky or fragile  
Easier to bring the work station to the product rather than the product to the workstation 
large shipbuilding
airplane manufacturing 

Mapping Flow of Material 
Activity Relationship Diagram
Shows desired closeness of departments and areas within the plants
quality control lab close to the processing area
rest room far away from mixing area (dairy factory) 
	Letter
	Closeness

	A
	Absolutely Necessary

	E
	Especially Important

	I
	Important

	O
	Ordinary Closeness

	U
	Unimportant

	X
	Not Desirable 



String Diagram 
Near optimal placement of the facilities without consideration of space requirements
Result of a flow process chart and activity relationship diagram[image: ]

Chapter 5 — Materials Handling, Distribution and Routing 

Material Movement
Occurs anytime a product or part thereof moves or is transported from one place to another 
Accounts for 5-90% of total factory cost
 Non-productive (non-value added)

Material Handling Equipment
Conveyors
gravity powered devices
convey material from one fixed point to another[image: ]
move homogeneous materials over at a constant rate
extendible belt conveyor 
Industrial trucks
varying paths
nature of load path prohibits mass production devices
intermittent load
job shops
powered high life fork truck
Cranes and Hoists
move loads in a fixed area
intermittent loads 
variable size/shape
Containers and racks
devices used to store and handle bulk material 
utilize quantities of material for storage
racks
Elevators and lifts
vertically lower/raise material
apply force from underneath a fixed location
AGVs
automatic guided vehicles
driverless vehicle 
moves along predetermined path
perform limited activity 
ASRS
automatic storage and retrieval system
storage rack systems where storage locations and inventory records are kept by the control system 
driverless system automatically relieves the product 
floor manufacturing operation 

Principles of Material Handling 
Planning
all MHS should be planned
Systems
planning of system should include as much as possible of material movement cycle
vendor ships material in container used through production process
Material Flow
engineers assure materials flow smoothly 
Simplification
apply concepts of work simplification to material handling design 
principles of motion economy 
Gravity
should be used to move material whenever practical 
gravity feed bins
roller conveyor belts 
Space Utilization
optimize use of space
high racks with narrow aisle stacking trucks 
Unit Size
larger accumulated load handled, the better
pallets used to handle large quantities of properly stacked cartons 
Mechanization and Automation
must consider in design of handling system 
automation
automatic pallet stackers 
mechanization
powered conveyors
Equipment Selection
consider all aspects of the material to be handled, move and methods utilized in selecting equipment
purchase of fork trucks with a great deal of flexibility for use
Standardization
material handling methods and equipment 
system of pallet packing patterns of standard sized pallets
Adaptability
design material and equipment so they can perform a variety of tasks 
variable speed conveyors 
Dead Weight
reduce ratio of equipment load/dead weight to payload
use plastic, aluminium, lightweight pallets 
Utilization
utilize both manpower and equipment 
walkie talkies used by fork drivers for rapid assignment to new jobs
Maintenance 
plan for preventative and emergency maintenance on MH equipment 
adequate stocking of parts
Obsolescence
make economic evaluations periodically to check on replacement of material handling equipment 
scheduled replacement policy based on sound engineering economy 
Control
use MHE to aid production, inventory, quality control
use of conveyors to ensure constant rate
Capacity 
use handling equipment to aid in utilizing production capacity 
outdoor storage
design of conveyor speeds for optimum feeding
Performance 
measure and monitor the performance of your material handling system
calculation of a cost per move and the constant monitoring that should be done
Safety 
design methods and equipment for operator safety 
use of cages over head of fork truck operator 

Chapter 6 — Work Design and Organizational Performance — Work Measurement 
[image: ]
The need for an efficient and effective control system 
productivity = output/input 
Work measurement
the standard by which we measure efficiency 
Work design//more info
helps determine efficiency 
Problematic 
To produce a given units of product (10,000 units per year)
To manage labor and design jobs so people are effectively and efficiently utilized
Time Study…determining//organizational systems performance measures
Equipment requirement
labor requirement 
design the most efficient work procedure 
training operators/methods
incentive system
scheduling the order received
how efficient the operations are performing
how much to charge for the product 
cost estimation 
measure estimation
Strategy: Human Resources 
Culture of caring for people in the totality of their lives, not just at work
to mange labour and design jobs so people are effectively and efficiently utilized 
Work Design
Specifying the tasks that make up a job for an individual or group
Involves determining:
What is to be done
How it is to be done
Why it is to be done
Results in job descriptions
Work Design Components
Specialization
Behavioural approaches to job design
methods analysis and improvement
work measurement
working conditions 
Job Specialization
Involves 
First noted by Adam Smith 1776
Found in manufacturing and service industries 
Specialized in Business: 
Management
	Advantages
	Disadvantages

	Simplifies training
	Difficult to motivate

	High productivity 
	Worker dissatisfaction, possibly resulting in absenteeism, high turnover, disruptive tactics, poo attention to quality 

	Low wage costs
	



Labour
	Advantages 
	Disadvantages

	Low education and skill requirement 
	Monotonous work

	Minimum responsibilities 
	Limited opportunities for advancement 

	Little mental effort needed
	Little control over work 

	
	Little opportunity for self-fulfillment 




Behavioural Approaches to Job Design: Job Expansion
Process of adding more variety to jobs
Intended to reduce boredom associated with labour specialization
Methods
Job enlargement 
Giving a worker a larger portion of the total task
Job enrichment
Increasing responsibility for planning and coordination tasks
Job rotation
Workers periodically exchange jobs 
Employee empowerment 

Method Analysis and Improvement 
Work method simplification
A systematic approach to finding easier and better ways to accomplish a task
The basic objective:
work smart not hard
avoid any kind of waste
Essential step before time study
Five step procedure 
selecting a job
getting and recording facts
questioning every detail
developing and testing a better method
installing and maintaining improvements
Flow Process charts
a chart of all activities involved in a process
operations/inspections/storage/transportation/delays (symbol chart)
questions to be asked
can this be eliminated?
can this be combined with another activity?
is this the proper sequence of activities?
can this activity be improved?
is this the proper person to be doing this activity?
Left-hand-Right-hand Charts
useful in analyzing the work performed by one person at one specific work station
follows the motion of the left and right hands of one operator
useful for repetitive works 
Multiple Activity Chart
simultaneous activities or two or more objects/people shown 
activities of the worker and machines
workers on an assembly line
Work Distribution Chart
list of all activities or responsibilities of every person in a department
obtain proper balance of assignments 
make sure proper level of employment is performing proper function
Operation Process Chart
objective is to eliminate unnecessary operations, inspections, or storages
obtain proper sequence 
Gantt Chart
horizontal time bar chart that shows relative timing of various activities 
objective is to perform all activities in the least amount of time 
Principles of Motion Economy (ECRS)
Guidelines for designing motion-efficient work methods
Elimination
jobs/steps/motions
irregularities 
use of hand holding device
awkward/abnormal movements
muscles in fixed position
danger
idle time
Combination
controls/motions/tools
one continuos curved motion instead of short motions with sudden changes in direction 
Rearrangement 
distribute work evenly between two hands
simultaneous symmetrical motion pattern
shift work from hands to eyes
straightforward order of work
Simplification 
use smallest muscle group
reduce eye travel
shorten motions
adapt handles/levers/pedals/buttons
use simplest possible combination of therbligs
activity such as grasping/reaching/picking up
reduce complexity of therblig
Human Engineering (ergonomics)
design of human-machine interface to improve efficiency and effectiveness
machine redesign to integrate human factors 
design of workstations 
design of tools
design of cockpit for a modern jet
Working conditions
temp/humidity
ventilation
illumination
colour
noise/vibration
work breaks
safety
cause of accidents 
Work Measurement 
Determining the amount of worker time required to generate one unit of output 
Provides labour standards
Normal time
the amount of time it should take an average trained person to perform a task if he/she were doing that during an 8 hour shift under usual working conditions working at a normal pace
Normal pace
the pace an average, trained and conscientious operator working over an 8 hour day 
Actual time
the observed time required for an operator to perform a task 
Allowances 
the amount of time added to the normal time to provide for personal needs, unavoidable delays, fatigues 
Organizational Performance[image: ]
Productivity 
Partial measures
output/(single input)
Multi factor measures
output/(multiple inputs)
Total measures
output/(total inputs) 
difficulty to measure outputs/inputs 
hospitals, banks 
variable product mix would change the ratio
input/output quality may change 
Time Studies 
normal time values not obtained from direct measure of a particular element but obtained from direct time measurement of the element in a similar operation
direct time study
physical measurement  of actual time to perform tasks

Advantages using standard data/predetermined 
individual time studies are quicker and less costly
consistency exists between time studies
less chance for error
fewer analysts needed
some work simplification is done automatically
good for cost estimating 
less disturbance in the shop
Predetermined time systems 
can be read directly from charts 
work factor
methods time measurement (MTM)
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