Facilities Slides
With Notes

(2nd Semester 2023/2024 )

Notes are written by Nada Ababneh &Q@




NI

Chapter 1

Introduction

N




Facilities Planning Defined

Facilities planning is a complex and broad subject that cuts

J

cross several specialized disciplines. (civil, electrical,
ndustrial, mechanical, etc)
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{ Facility Management: b g

Y

@ Coordinating the physical workplace with the
people and work of the organization integrating
the principles of business administration,
architecture, and the behavioral sciences.

# Facility management|encompasses multiple
disciplines to ensure functionality of the built
environment by integrating people, place,
processes and technology.
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#the tactical day-to-day issues @nd( not the

‘more macro topics addressed in(SFP. It

solves problems related to specifics, such
as where individuals sit or the type of
equipment required accommodating a
specific situation.
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Strategic facility Planning : S ensive

®A long-term process that can lead to
better,(more proactive) delivery of services
from a facility management organization

to its stakeholders.




Manufacturing Complex in Dongguan, China
Factory Area: 238,000 square feet
Production Space: 210,000 square feet
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Manufacturing Complex
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Beaubien Avenue
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Manufacturing Facility layout

% Machine Shop Machine Shep Machine Shop Office
E Converuns
Soldering | Wash
H H Test House Room | Roce
P on
. 15 T e
2 S e Grinding
i H =l Room
12 ? Ri\"ﬁ'f.g Chassis
g Room
Stock Room Shipping Rocm
o ;
: Warehouse Warehouse é
Sand Tire
Blas Room

Piquette Avenue




; Mai
Vacuum Claning ain Gate

Room
)
Lady
Dressin
g Finished
_67_ Products
3 Q
Wasing Basin
Freezing
- — Room
I:I D Meat Bun and Steamed
Vegetasle Cutng Machine Bread Production line Packing (Filled Bread no ©
Cold Storge Room m [] D é MSChinj need frezzing
R
Hm« Dtcnonuctmo oom)
:;f;go@n Meat Bun and Steamed s
Frozen ©r Bread Production line T‘;’g"';g z
Meat | % )
Room H
Seasomng §  pesssscssssssssssecsssssrescsssssesnsnennsneanry
Mixing "  Filed Bread Production Line
Wheat Flour @ . S A C Packipg
Flour Mixer i - (Oven) gatenals
Storage Room @ ven oom
Proofer Room Steaming Room Cooling Room

Manufacturing Facility layout (Food industry)

Chapter 1



Cultural

\V

Chapter 1




Chapter 1

Office Layout

Parking Layout
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Facilities Planning Defined (contd.)

R g Management |
planning I\ oo

/
\V

® Facilities planning determines how an activity’s tangible
fixed assets best support achieving the activity’s
objective.

# Examples:

= Manufacturing facility: how the manufacturing facility
best support production

= Airport: how the airport facility supports the
passenger-airport interface

= Hospital: how the hospital facility supports providing
medical care to patients

Chapter 1 12




Fixed Tangible Assets
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@ilities P@Hierarchy

'@ Facilities planning:
= Facilities location
= Facilities design
+ Facilities systems design

+ Layout design
+ Handling systems design

# Facilities planning combines the efforts to determine
location of a facility and design of it

Chapter 1 14




Facilities Planning Hierarchy (contd.)

N
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Facilities
Location

Facilities
Planning

Facility
System
Design

Chapter 1
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Facilities Planning Hierarchy (contd.)

N

@ Facilities design: consists of the facility systems, the
layout, and the handling system

o Facility system — structural systems, the atmospheric systems,
the enclosure system, the lighting/electrical/communication
systems, the life safety system and the sanitation system.

o Layout — consists of all equipment, machinery, and furnishings
within the building envelope.

v;;kf)‘mfa Handling system — consists of the mechanisms needed to

oy satisfy the required facility interactions.

| ?“*““"“% Material handling is very important to the facility design
activity. The choice of material handling equipment will
greatly effect the appropriateness of the facility design.

Chapter 1 16




Facilities Planning Hierarchy (contd.)

A

g Which comes first, the material handling system or
the 7acility layout?

b3

4 BOTH! The layout and the handling system should
be designed simultaneously

Chapter 1




Facilities Planning Hierarchy (contd.)

N

“Facilities location: placement
with respect to customer,

suppliers, and other facilities =27 s i
with which it interfaces. | \ﬁ% i rtg
Influences of Plant location: i g
= Proximity to raw material - HT Sof i e Sy %.
f W \ K

= Markets { %ﬁ Kaﬁ?\* ) égg %S;!Liors
= Transportation systems Southerly CSO Study Area | < 1| T susy aven
i ECOHOmiC development CSO Regulators and Outfalls V/‘(// 0_07_14 Mies

programs (financial incentives)
s Environmental consideration
s Climate

m President’s home town
Chapfer Etc. 18



Significant of Facilities Planning -
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1. The size of investment in new facilities each year.

= 8% of gross national product (GNP) in USA has been spent
annually on new facilities.

\
é

2. Economic considerations

= One of the most effective methods for increasing plant
productivity and reducing cost is to reduce or eliminate all
activities that are unnecessary or wasteful.

= A facilities design should accomplish this goal in terms of
material handling, personnel and equipment utilization,
reduced inventories, and increased quality.

Chapter 1 19
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Significant of Facilities Planning (contd.)

- -

/ wH:
3. Employee health and safety

= Occupational Safety and Health Act: redesign facilities to
consider health and safety and to eliminate possible
hazardous conditions

4. Energy conservation

= Energy has become an important and expensive raw
material

5. Community considerations:
= Fire protection, security, air pollution, noise, and the ADA

) . . clig s LGl sl
(Americans with Disabilities Act) of 1989 +== fcnpred)

Chapter 1 20



N

Objectives of Facilities Planning

L

# Improve customer satisfaction by being easy to do
business with, conforming to customer promises, and
responding to customer needs. /ﬁgxgggyg g S

@ Increase return on assets (ROA) by maximizing
inventory turns, minimizing obsolete inventory,
maximizing employee participation, and maximizing
continuous improvement.

4 Maximize speed for quick customer response.

# Reduced costs and grow the supply chain profitability

Chapter 1 21




Objectives of Facilities Planning (contd.)

N

# Integrate the supply chain through partnership and
communication.

# Support the organization’s vision through improved
material handling, material control, and good
housekeeping.

@ Effectively utilize people, equipment, space, and
energy.

# Maximize return on investment (ROI) on all capital

expendltu Ires

# Be adaptable and promote ease of maintenance.
# Provide for employee safety and job satisfaction.

Chapter 1 22




Main Features of Successful Facilities Plan

@ Flexibility:

= Flexible facilities are able to handle a variety of requirements
without being altered

4 Modularity:

= Modular facilities include systems that cooperate efficiently
over a wide range of operating rates

4 Upgradeability

T CK“O\O%LS(/ g = - . . .

e = Upgraded facilities easily incorporate advances in equipment
systems and technology

Chapter 1 23




Main Features of Successful Facilities Plan (contd.)

p
T il ple 5,08l
4 Adaptability:
= Considering the
» Calendar
* Cycles — /YN

+ Peaks

# Selective operability
= Understanding how each facility segment operates] By o5 e:
= Allows contingency plans to be put in place M

Chapter 1 24




Facilities Planning Process

\33 A=

,/

£ 4

# Even though facilities planning is not an exact
science, it can be approached in an organized,
systematic way.

Must start at the beginning of the project

# Types and Sources of Manufacturing Facilities Design

Chapter 1

Projects
* New facility -
* New product -
+ Design changes - of the product

+ Cost reduction - better layout for better productivity and

cost reduction (Lean Thinking)

25




Facilities Planning Process

N

By applying the engineering design approach, a
systematic approach can be developed
1. Define the problem

= Define (or redefine) the objective of the facility (products
and productivity levels)

= Specify the primary and support activities to be performed
in accomplishing the objective

2. Analyze the problem
= Determine the interrelationships among all activities

3. Determine the space requirements for all activities
= Generate alternative facilities plans

Chapter 1 26




Facilities planning process

N

L

4. Evaluate the alternatives

=  Evaluate alternative facilities plans on the basis of
accepted criteria.

5. Select the preferred design
= Select a facilities plan

6. Implement the design
= Implement the facilities plan
= Maintain and adapt the facilities plan
= Redefine the objective of the facility

Chapter 1




AP = Facilities Planning Process

N

1. Define (or
redafine) the
abjective of

the facility




Lean Thinking and Lean Manufacturing

N

® Lean manufacturing - a concept by which all
people work together to eliminate waste
e Overproduction
o Waiting
e Transportation
over .
— =\ Processing

PR VNN

o Inventory ¥
e Motion

he Defect — el Ko
o ReWOrk e < c.ave —oaosel s
e Poor people utilization

Chapter 1
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The 7 Wastes

MUDA is the Japanese word for WASTE.

[s1EE 2]

= 1/[a[3][6] Over‘producfion To produce sooner, faster

=
Seeck it out and get rid! or in greater quantities
. ’ than customer demand.
Over Processing \]) ~ Inventory
‘ Processing beyo A I

required by the.
customer.

An Bth waste Q220 = 2 Za
is the wasted g
petential
of people J )

2 Raw material;
work in progress
or finished goods
which is not having
value added to it.

the standard

Rework
Non right
first time. . 1 :. 6

Repetition
or correction

of a pmcess.?a::}

Transportation 5 ) (

e Waiting
3 Pecople or parts
N that wait for

a work cycle to
be completed.

Unnecessary movement
of people, parts or

ﬂchines within
ud process.




The Seven Types of Wastes

The Waste

Definition

Over Production
N4

Producing more than needed or Producing faster than
needed (need storage place, can be damaged, lost, no sale)

Over processing

Effort Which Adds No Value to a Product or Service.
(Customers not welling to pay for these efforts)

Inventory Any Supply in Excess. (money tied up in inventory, holding
costs, may damage or lost)

Waiting Idle Time, including man wait time and machine wait time.

Motion Any Movement of People Which Does Not Contribute Added

Value to the Product or Service.

Transportation

Any Material Movement That Does Not Directly Support a
Lean Manufacturing System, or achieve direct value. (a risk
of damaged, lost, delayed, Also need assets to move such as
equipments and/or workers ).

Rework

Repair of a Product or Service To Fulfill Customer
requirements (rework costs, rescheduling production)




Other Types of Wastes

N

The Waste Definition
Breakdown Poor maintenance
Lake of skill Unskilled workers

Unsafe work

Causes lost work hours

Poor
information

Poor Information system, poor communication

Loss of Material

If expensive

Unused
Capacity

(unused spaces, unused machines)
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Strategic Facilities Planning
\m\ syl

L

# Facilities planning is a strategic process
= Must be an integrated part of overall corporate strategy

= Every element of the organization must support the
objectives of the firm.

# Previously, strategies was restricted to marketing and
finance without clear understanding of the impact on
manufacturing or on support functions such as
material handling, information system, facilities, etc.

Chapter 1 33




Cost of design changes during a project

N

@ Planning is a vital process
# Where in the process should we make changes?

Cost of making
design changes

Amount($)

Chapter 1 Planning Designing Building Installing Commissioning 34
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Developing Facilities Planning Strategies

" @ The facilities planning process can be improved in
three potential dimensions:
= Physical aspects: building, equipment, and people

= Control: material control, space control, productivity
measures

= Time: for planning (sufficient lead time is needed to do it

right)

# The objective is to improve on these three levels

Physical aspects

Control
Chapter 1 Time 35




Developing Facilities Planning Strategies

N

" @ Facilities planning should also be well defined as to how
each function fits, interacts and integrate

@ Customer satisfaction

4 Team work: everyone involved

# Should not accept information delays (true partnership)

0922 =2 AW (o Park S
onfime AR

# Facilities planner should be proactive, and participate in
the decision making that create the needs.

@ Continuous improvement
Chapter 1
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Sources Of Information For Manufacturing
Facilities Design

" @ Product and process design m

@ Marketing Ma ke By
4 Management policy

4 Product design
= blueprints

= bill of material (part list)
+ indented BOM
» buyouts/fabricate

= assembly drawings

+ Part and assembly drawings are especially helpful in
visualization of how parts will fit together

= model shop samples (prototypes)
# Relationship between FD and product design is important

Chapter 1 37




Sources Of Information For Manufacturing
Facilities Design

N

# Marketing

» Volume, how many can we sell?

» Seasonality, summer or winter product
+ Selling price

» Replacement parts, older products

Chapter 1 38




Sources Of Information For Manufacturing
Facilities Design

N

L

4 Management policy - refers to the upper-level

employees
= inventory policy (Just in Time, Kanban, WIP)
= |lean thinking
= investment policy (ROI)
= startup schedule
= make or buy decision

n feasibility studies (what product or process proposal is the
most profitable for the company

Chapter 1 39
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Facilities Planning Process

N

Facilities Planning Process for manufacturing and assembly

facilities can be listed as follows: ©

Define the product to be manufactured or assembled
Specify the required manufactured or assembled
Determine the interrelationships among all activities
Determine the space requirement for all activities
Generate alternative facilities plan

Evaluate the alternative facilities plan

Select the preferred facilities plan

Implement the facilities plan

Maintain and adopt the facilities plan

Update the products to be manufactured or redefine the objectives
of the facility

Chapter 2 2




Introduction

N

" Before we start developing alternative facility plans, we
should have answers for the following questions:

—_—

1. What is to be produced? Answer for the first 5
2. How are the products to be produced? Questions can be
obtained from:
s » .0 3- When are the products to be produced? — *Product design
.34, How much of each product will be produced? *Process design
: *Schedule design
5. For how long will the product be produced?

—_—

6. Where will the products be produced?

T Answer for the last question might be obtained from
facility location determination or it may answered by
schedule design when the production is to be allocated
among several existing factories

Chapter 2 3
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Introduction (Contd.) e

“® Organisations create teams (€oncurrentiengineering
team) with:

- Product planner
- Process planner

®

- Schedule planner (production planner)
- Facility design planner
- Personnel from marketing , purchasing and accounting

Why?

To address the design process in an integrated or
concurrent way

Chapter 2 4




Introduction (Contd.)

>

N

' Product designers focus on the end product is to be in
terms of its_dimensions, material composition, and

perhaps packaging.
# Process planner determines how the product will be
produced.

4 Production planner specify the production quantities
and schedules the production equipment.

#® Facility planneris dependent on timely and accurate
input from product, process and schedule designers.

Chapter 2 5




Introduction (Contd.) .

N

' This team approach reduces the@ cycle@
improve the design‘fprocesg, and minimising the
Engmeeringlchang@

# Implementing this integrated approach have reported

significant improvement inccost) roductivity,

salesy customer satisfaction,delivery timefinventories)

Space\and handling rec uirements, an@%_

Chapter 2 6




Introduction (contd.)

N

L/

#( The success of a firm is dependent on having an efficient production
system. Hence, it is essential that product designers, process
selections, production schedules, and facilities plans to be mutually

Product
design

Facilities
design

Schedule
design

Process
design

Fig 2.1: The need for close coordination among the four groups,
Chapter 2




* Product design
i ° Pr ign
\ Product Design Senecuts somin

®)
1. Determination of a product to be produced

/. Detailed design of the product

Y

1. Product Determination

e Product Determination made by upper level management
and based on input from:
— Marketing
— Manufacturing
— Finance
— Etc.

Chapter 2 8




* Product design
* Process design
» Schedule design

1. Product Determination (contd.)

|

N

L

' [ A high degree of flexibility and a very general space. ",

— If changes are likely in facility mission and products:

— If a high degree of confidence about facility mission
and products:

The facility design should optimize the production of
those products

under the RisK of changind the ... 5o T cnoose more spact

Chapter 2




R * Product design
egiemeny) T " * Process design
2. Deta”ed DeS|gn » Schedule design

N

' The detailed design of the product is influenced by
aesthetics, function, materials and manufacturing
considerations.

# The product must meet the needs of the customer.

# This challenge can be accomplished by:

/Q Quality Function Deployment (QFD) - Translation of the

customers’ desires into product design, and
subsequently into parts characteristics, process plans
and production requirements.

omlall s

e Benchmarking

Chapter 2 10
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* Process design
* Schedule design

* Product design }

2. Detailed Design (contd.)

L

* Finally, detailed designs take place:
— CAD designs
— Prototypes
— Assembly designs
— 2D drawings and dimension determinations

= All these can be observed easily in most of the
commercial CAD programs (AutoCAD, ProE, CATIA etc)

Chapter 2 11
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* Product design
* Process design
* Schedule design

|

2. Detailed Design— Documentation

' Once the product design is completed, usually following
documents are provided for the facilities planning
=Process as inputs: A

— Exploded assembly drawing — omits specifications and
wheres dimensions, useful in designing the layout and handling system

— Exploded parts photographs — allow the planner to visualize
how the product is assembled, provide a reference for part
numbers, and promote cleaner communication during oral
presentation

— Component part drawing — provide part specification and
dimensions in suﬁzcient details to allow part fabrication

Chapter 2 12




Chapter 2

0 - Part no. BOOD21
1 — Part no. BOOO11
2 — Part no. BOOO31
3 — Part no. AD2001
4 - Part no. A04041
5 - Part no. BOO101
6 — Part no. BOO0O4 1
7 — Part no. A14061
8 — Part no. A04071
9 — Part no. A24051
10 - Part no. BOO111
11 - Part no. A04091

Exploded assembly drawing

1+ doesn include detils ( Just the part number)
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Drawing No A440C
Drawing WPE ,E\: T ;; D: gtD:[
PrerAReED BY [rrazews
CHECKED DY | Dew
i:&-\-g }- 14 =3\
Urcars =~
(ommAny " ARNELL, INC.
Chapter 2

Exploded parts photograph
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Sec. A shows
part placement
in relation to
stock cut.

Chapter 2
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Component part drawing
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Pty s (S0 pleo S P
* Process design
» Schedule design

Urocess Design

* Product design }

A

# Determination of Aow the product is to be produced:

>

= Which part of the products should be made in-house?

Which equipment will be used? (for the parts which will be made
in-house)

= Who should do the processing?
= How long will it take to perform the operation?

(\( '

,” (
—

b I factel ES) -
@ction me@are the most fundamental factor
affecting the physical layout
N

Chapter 2 16




Process Design (contd.)

N

following issues:

1. Process identification
e Make-or-buy analysis
e Parts identification

2. Process selection |©

* Product design

* Process design
» Schedule design

|

& Within the process design process, we need to consider

»

1. Process identification

2. Process selection

3. Process sequencing

e How the product will be made (operations, equipment, raw

material, etc.)
3. Process sequencing

e How components are put together

Chapter 2

»,

17




PFOCGSS Design: 1. Process identification
1. Process identification 2, Plocess selection

3. Process sequencing

A
Y

"® Make-or-buy decisions:

e Determining the scope of the facility (determining the
processes that are to be included within the facility)

;:‘-?«e 2 ia tne

e How are the make-or-buy decisions made?
— Can the item be purchased? If NO: MAKE
— Can we make the item? If NO: BUY
— Is it cheaper for us to make than to buy? If NO: BUY
— Is the capital available so that we can make it? If NO: BUY, IF
Yes: MAKE
# Make-or-buy decisions are managerial decisions
requiring input from finance, industrial engineering,

marketing, process engineering, purchasing, human
“"FEEources, etc. 18
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PFO cess D esi gn . 1. Process identification

i L i 2. Process selection
1. Process identification (contd.)

3. Process sequencing

A
Y

@ Advantages of outsourcing: [©
= Minimize your capital investment
= Free machines or equipments

= Hazards/ problems

= Concentrate on Core competence

(svpelier o s, oa5)
é"s 5 cl,u«\'\’t‘S 3L 8§a;,_ sopplier I
® Advantages of iNn-Sourcing:  [O] . set oot o0 =0t oot

= T0 retain control over the design, quality, reliability and delivery
schedules.

= T0 avoid increase in supplier price

Chapter 2 19




Process Design:

1. Process identification (contd.)

A
Y

L

&

After the make or buy decisions

1. Process identification

2. Process selection

3. Process sequencing

list of items to be made and the items to be
purchased.

nave been made, the

The listing often takes the form of a parts list or a bill

of materials (BOM). A parts list includes at least the

following
1.

Chapter 2

N O U hA W

Part number

Part name

Number of parts per product
Drawing

Material

Size (Dimensions)

Make or buy

FOOSR o\

L—

C

20



Bill of Material (BOM) for an Air flow regulator

one petc pro duct BILL OF MATERIALS
for the whole product

Company T. W., Inc. Prepared by J. A
Product Air Flow Regulator Date
e
Part Drwg, Quant./ Make or

Level No. Part Name No. Unit Buy Comments
0 0021 Air flow regulator 0999 1 Make
1 1050 Pipe plug 4006 1 Buy
| 6023 Main assembly —_ 1 Make
2 4250 Lock nut 4007 1 Buy
2 6022 Body assembly — 1 Make
3 2200 Body 1003 1 Make
3 6021 Plunger assembly —_ 1 Make
1 3250 Seat ring 1005 1 Make
4 3251 O-ring — 1 Buy
1 3252 Plunger 1007 1 Make
4 3253 Spring — 1 Buy
4 3254 Plunger housing 1009 1 Make
l 3255 O-1ing - 1 Buy
1 4150 Plunger retainer 1011 1 Make

Ch

Figure 2.8 Bill of materials for an air flow regulator.



Table N\ o 209! Tree S

Level O

Level 1

Level 2

Level 3

Air flow
regulator A3
1 |1
Main |, /"Pire Y 1050
assembly \p'ﬁy
"\ a<e\ 5 Lo
148 Go 55\
1 1
Lock 1 4250 Body | p)
nut assembly
| 1
Plunger
1 | | 1 | | 1
Seat . : Plunger ‘ Plunger
i O-ring Plunger Spring fosing O-ring S
3250 3255 3252 3253 3254 3251 4150

Chapter 2

Figure 2.9 Bill of materials for an air flow regulator.

Level 4
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Process Design:
2. Process selection  (+wes)

N
\J

# After determining “in house” parts decisions
are needed as to: how the products will

be made

# Such decisions are based on:
= previous experiences
= related requirements
= available equipment
= production rates
= future expectations.

Chapter 2

FC

4

1. Process identification

2. Process selection

3. Process sequencing

23




Process Design:
2. Process selection (contd.)

N
\J

# Process selection steps:

—

Define the elemental operations

1. Process identification

2. Process selection

3. Process sequencing

2. Identify alternative processes for each operation

= Manual vs. automated
3. Analyze the alternative processes
= Consider equipment utilization
4. Evaluate the processes
= Economics

= Flexibility

= Reliability

= Maintainability
] Safety

5. Select the process
Chapter 2

24




Process Des|gn 1. Process identification
2. Process selection (contd.) 2. Process selection

3. Process sequencing

@ Process identification can be done manually or with a
computer.

#®  With a computer it is referred to as Computer Aided

Process Planning (CAPP).
- —

# Two general CAPP:
= Variant: call up standard plans and modify

= Generative: create a new plan from scratch (do not use
existing plans).

%  Outputs are processes, equipment, and raw materials
required for the in-house production of products, also

called a route sheet.
Chapter 2 25




Route sheet

Pe_(" némée_

Company AR.C, Inc. Part Name Plunger Housing Prepared by J. A
Produce Air Flow Regulator Part No. 3254 Date
Materials
Oper. Operation Machine Set-up Operation _orrars Parts
No. Description Type Tooling Dept. Time (hr.) Time (hr.) Description
104 W Shape, drill, Automatic .50 in. dia. collet, feed fingers, 5 .0057 Aluminum
psi(zes ) cut off screw cir. form tool, .45 in. dia. 1.0 in.
x;‘::j‘e machine center drill, .129 in. twist dia. X
drill, finish spiral drill, cut 12 ft.
off blade
0204 Machine slot Chucker .045 in. slot saw, turret slot 2.25 .0067
and thread attach. 3/8-32 thread chaser
0304 Drill 8 holes Auto. dr. unit .078 in. dia. twist drill 1.25 .0038
(chucker)
0404 Deburr and Drill press Deburring tool with pilot 5 .0031
blow out
SA1 Enclose Dennison None 25 .0100
subassembly hyd. press
Figure 3.11 Route sheet for one component of the air flow regulator.
Chapter 2 26



Rout sheet Data Requirements

Data

Component name and number

Operation description and number

Equipment requirements

Production Example
Plunger housing — 3254
Shape, drill, and cut off — 0104

Automatic screw machine and
appropriate tooling

Unit times (Per components)

Raw material requirement

Chapter 2

Set-up time: 5 hrs.
Operating time: 0.0057 hrs
1 in. diameter X 12 ft

aluminum bar per 80
components

27



PFOCGSS Desig n: 1. Process identification

3. Process sequencing

%_ PFOCGSS sequencing 2. Process selection

\V

e The method of assembling the product. =

®

/cfssembly chart

—shows how the components are combined

e

J/ﬁreratian process chart

e — Gives an overview of the flow within the facility
gtff’,:gc;’jf’j ' — A combination of route sheets and assembly charts

Z\:.:J o9 l_,'_aJ 9
Precedence dimsrcx

Precedence diagram
— establishes precedence relationships

Chapter 2 28




PFOCGSS Desig n: 1. Process identification

2_ PFOCGSS Sequencing 2. Process selection

3. Process sequencing

@ Assembly chart:

® Assembly chart shows the sequence of operations in
putting the product together.

# The easiest method of constructing an assembly chart
is to begin with the completed product and trace the
product disassembly back to its basic components.

# See figure 2.11

Chapter 2 29




(T need information from the Rodte Sheet)

Assembly chart

w
o]
Q
~

-

Plunger
housing

This was identified in
route sheet already

3254

010

Spring

3253

C" Pa(:“' Nome
ad ) b
Pact Num er Seat ring
-rin
Plunger
retainer
4150
Assemblies
—>
4250 Lock nut /;_2
> pssembled 2
Q Pipe plug
1050 A-3
. Sgyare
Inspection >l 1 (5 ins pection
i terial
Gackagmg matevtials nd

Chapter 2 Figure 3.12 Assembly chart for an air flow regulator.



PFOCGSS Desig n: 1. Process identification

2_ PFOCGSS sequencing 2. Process selection

3. Process sequencing

A

% ® Operation process chart:
5 o )E & ‘Lo\r\imsheej'
N Sse,w\\alets chary
# Although route sheets provide information on
production methods and assembly charts indicate

how components are combined, neither provides an
overall understanding of the flow within the facility.

ASSQMH‘S Sheet is For the component

# This is accomplished with the operation process
chart.

@ See figure 2.12
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Operation
process chart

Company A.R.C, Inc.

Prepared by . A.

Product  Air Flow Regulator

Plunger
. retainer Seat ring
N 3250
B) Lazel 0105 g e o2 at
: pys ; ap inside rill,
oo thread, hook cut off,
ssem ble e outside thread, inspect
Ass N} .
chars aperation inspect

the |
operation

Rovth sheet

Plunger

3252

Date
Plunger
housing Body
3254 Shape
11, 4
0103 } shape, @ drill, fength %“n;{?}
cut off, cut off
inspect Mach
achine
siot and E!E?h“’
thread
Drill (8) ,
@ holes Deburr
Deburr and Drill {4) holes,
0404 } blowout tap, ream,
inspect countersink
Drifl, tap, roll
ream, countersink
Drill, tap
Remave burrs on
Spring inside and inspect
3253 inner and outer
surfaces
0-ring
)
3251
0-ring, 3255 Lockaut
3555 4250
Pipe plug

Packaging ‘

Chapter 2 Figure 3.13 Operation process chart for the air flow regulator.



PFOCGSS Desig n: 1. Process identification

2_ PFOCGSS sequencing 2. Process selection

3. Process sequencing

ovteet I oya) AL Az p

%@ Precedence diagram. |

# A second viewpoint (from graph and network theory) is
to interpret the charts as network representations, or

more accurately, tree representations of a production
process.

# A variation of the network viewpoint is to treat the
assembly chart and the operations process chart as
special cases of a more general graphical model, the

precedence diagram.
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Precedence Diagram Packaging

1050

= ¥ 4250

*In the operation £
process charts, it is not
clear if two machining
operations have any
dependency

*Observe the part#3254

Operations 0204 and wpll)/ sst e
0304 can be done at the (00}-2222 (5102} ——
same time G

*Yet, the operation 0104

should be completed @

before both 0204 and

0304 t @ //

*\We cannot observe this 3253 /

information in operation 3255

process charts Figure 3.14 Precedence diagram for the air flow regulator.
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* Product design

- ReJechion

Allowan ce * Process design

Schedule Design sides - Schedule design

N

j<> Schedule design decisions provide answers to questions
involving:

> how much to produce?
> when to produce?
> How long will the products be produced?

#® Production guantity decisions are referred to as lot size
decisions

# Determining when to produce is referred to as
production scheduling.

Chapter 2 35




* Product design
* Process design

* Schedule design

Schedule Design (contd.)

N

& We design facilities for major parts and operations

# What do we need to know to start designing our
facilities:

— Number of products to be produced

— Number of machines required

— Number of employees required

— Sequence of operations

— Relationships between departments

Schedvalg,
des(%ne r




* Product design }
] * Process design
Impact of Schedule Design * Schedule design

N

Machine selection 6. Storage equipment
Number of machines /- Material handling

Number of shifts equipment :
8. Personnel requirements
Number of employees

| 9. Storage policies
Space requirements | it load design

11. Building size, and so on.

NN

Chapter 2 37




* Product design
* Process design

Schedule Design (Marketing) \>Scheduledesion

N

L

# Marketing department provides a research function
that analyzes what the world’s consumer wants.
Some of the information that marketing provides is:

= Production volume, how many can we sell?
= Seasonality, summer or winter product
= Trends

#® Note the Pareto effect that often 85% of the
production volume comes from 15% of the product.
So focus on the high volume products but don't
completely ignore the low volume ones.
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* Product design
* Process design
* Schedule design

Schedule Design (Marketing)

—

’J_J

g p——-

= -

Pt
\ » Vaxiety =
FiglyYumc-\dncty chart for a facility where Pageto'’s law is applicable.
More general items ltems that are

produced everyday: produced (may be) by special orders etc.:
Mass production area Job shop area



* Process design

* Product design
* Schedule design

Schedule Design (Marketing)

N

L

# Valuable information that should be obtained fr
marketing)and used byga Zaciiities glanner) See table 2.4

(on next slide)

= Who are the consumers?

= Where are the consumers?

= Why will the consumer purchase the product?

= Where will the consumer purchase the product?
= What is the trend in product change?

Chapter 2 40




. * Product desi
Schedule Design SFrdct s }
(Process Requirements) C BN CEELE)

@ | Process design{determines the specific equipment
types required to produce the product. Schedule
designldetermines the number of each equipment

type.
#  Specification of process requirements typically occurs
in 3 phases.

1. Qty of components to be produced including scrap
2. Equipment requirements for each operation
3. Combine the operation requirements

Chapter 2 41
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P /F fof \'\i%h volum P(od.uch'ﬂ\

— the e_s\-ima\‘ion of scrap as constont
percent oc averaqeé

15\—[~'\e.\'\r\°3~ _ . o
> Scrap eskimation o

'Y-o(' ea

L— cheap Prooluc;\-

J((Of\a\ units "'o allow “

"2."d Mehod
are very few an

Rejection P\\\°""C‘“CQ-%—'De’rerm\no\’r'\or\ the, number of addi
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Schedule Design (Process Reqguirements)
Scrap estimate

N
N

# Scarp is the material waste generated in the
manufacturing process due to geometric or quality
considerations.

# The amount of scrap depends on how tight the tolerance
IS, automated process or not, quahty}@ertlﬁed supphers)
and the grade of material. scrap L PRy

#® Scrape estimates. how many units of the product we

need to make. e cmple
5% ole¥60+ vate

A )s H%M- of toleance T
a5
Chapter 2 scrap 1 42




Schedule Design (Process Reqguirements)

Scrap estimate (contd.)

Q¥ Tk K OK
Input . Process Output
0 | Machining (O)
L4
(de?ed) Scrap (S)
d, =percentage of scrap made at operation &

I, =the production input to operation &

— Je?\e'd'
Ik= Ok+ dk Ik (4%:&?5?
OR o 21
O, = L (1-dy)
Ik= Ok/]'- dk

Chapter 2

O, =desired output of non-defective items from operation &

Rovnd up
No\— e\o\md down
/

S —
43




Schedule Design (Process Reqguirements)
Scrap estimate (contd.)

_— Ackua\ coSe in Real Lite /

C/ B oufpuf_l ( input ‘\
B O?_=T.3 03=1‘(
Input .| Machining Machining Machining Machining | | Final
0 1 g 2 g 3 i 4 Product
O,
Scrap Scrap Scrap Scrap
(S4) (S;) (S3) (Ss)

The expected number of units to start production for a part
with n operations is:

I,=0,/ (1-d,) (1-d;)... (1-d,)

Chapter 2 44




Schedule Design (Process Reqguirements)
Scrap estimate (contd.)

N

@ Example:

= Market estimate of 97,000 components

= 3 operations: turning, milling and drilling

= Scrap estimates: d1=0.04, d2=0.01 and d3=0.03
= Input to the production?

= Production quantity scheduled for each operation?

I, o
inpot T |[=| M| —| O |5z, 17000
l Y % V17 [ 3%
[nput FinGIOMtput (OS\ T"_B:_(_)i — s _ 97000 = \00000.
- \-da 0-97 onit
(—d)(—d=)1—ds)
1,20, _(000e0 = l0IO(O.
]}glgl\glt 97,000 05 219 l_dz—\ e \ ;\;\ol;‘m”—

= 10.081-00D01_0.03) =22 Ze



Schedule Design (Process Reqguirements)
Scrap estimate with Rework

Vel

,- O.‘ =(1_d1)/1 .'.3201 + OZ

v &

B FinalOutput
C(1=d)[1-d)+di(1-d>2)]

Input

#® We assume 100 % inspection at each operation, including the
rework operation
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Schedule Design (Process Reqguirements)
Eqguipment fraction

N

" @ Total required processing time for equipment divided
by the time available per machine.

# Required processing time
=Standard time per unit * Number of units

@ Equation w_ S0
 EHR

F = number of machines required per shift

S = standard time per unit produced (obtained from route sheet)
Q = number of units to be produced per shift

E = actual performance, expressed as percent of standard time
H = amount of time available per machine

R = reliability of machine, expresses as percent of up time

k_’ Fol tme Machine
Chapter 2 B oty 7
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MaCh\“& FfGC‘HO“ - '\'\\e 1,\7’4‘3 orf number oF machine ({e$uir‘ed Yo PCfFOfm an ope,ra’riof\
/

= Total fime Regvirtd to perform operation

Total time available per machine




Schedule Design (Process Reqguirements)
Equipment fraction (contd.) _.. s wesnom con win

N S
@& A machined part has a standard machinery time of 2.8 min per

part on a milling machine. During an 8-hr shift}iQ unites are to
be produced. Of the 8 hours available for the production, the
milling machine will be operational 80% of the time. During the
time the machine is operational, parts are produced at a rate
equal to 95% of the standard rate. 0 2 LB B oy s

@ S=2.8 min, Q=200 units, H=480min, E=0.95 and R=0.8  °7**

o
1 —[_1— 200

4 How many milling machines are required? o

Round jP o snf‘-“.:;:t:; “;:E;sm

F = SQ — 2.8(200) = 1.535 ;oggg;;o < customer nee B
EHR0.95(430)(0.80)

#® We need 1.535 machines per shift.

Chapter 2 48



N

Schedule Design (Process Reqguirements)
Equipment fraction

" F can also be affected by:

# Number of shifts
# Set-up times

# Degree of flexibility- small lots or large lots
# Layout type-process or product
# Total productive maintenance

Chapter 2
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Management Tools
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Management Tools

N

‘& Once we have the product, process, and scheduling
information we need to organize the information and
generate and evaluate layout, material handling, and
storage alternatives.

# In this process it may be helpful to apply the following
seven management tools to facilities planning and
design: (read in text book)

Chapter 2 51




Management Tools

N

L

1. Affinity diagram

&

X4

Brainstorm ideas
Gather the ideas into general headings or topics

/. Interrelationship diagraph

&

&

&

Show the relationships between headings
Directed arcs
Help to show the order of doing things

3. Tree diagram
Gives more detail about the various activites that need to be

&

Chapter 2

done
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Management Tools

N

L/
4. Matrix diagram
+ Can show who is responsible for doing what task

5. Contingency diagram
+  Plan for unfamiliar tasks

6. Activity network diagram

+ Basically a Gantt chart or PERT CPM type information
+ Who does what, when.

/. Prioritization matrix
+  Evaluate design alternatives

Chapter 2
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Affinity diagram

Issues in reducing

manufacturing leadtime

acilities design

AL B

L

) 2.

>

Equipment issues

Quality

Set-up ume

Scheduling

form product
families
assign fami-
lies to cells
assign raw
mtl’s to their
point of use
keep receiv-
ing and ship-
ping close to
roduction

Figutre

<

1. operator

certification
program

sit techni-
cians closer
to production

monitor
breakdowns
to predict
future occur-
rences
recruit
enough tech-
nicians per
shift

1. provide train-
ing on how
to use
process doc-
umentation

2. implement
successive
inspection
with feed-
back
develop mis-
take-proof
devices
develop
capabilities
for monitor-
ing key
machine
parameters

o

!k.-\

;

provide doc-
umentation
on set-up
procedures

locate fix-
tures and
tooling close
to machines
provide train-
ing so opera-
tors can par-
ticipate
provide
information
on daily
sequence

)

provide visi-
bility to daily
product
sequence

. do not

authorize
products for
which the
needed parts
are not
available

negotiate fre-
quent and
smaller lots
to customers

19 Affinity diagram example for reducing manufacturing leadtime.




Interrelationship diagraph

N

1. Form product
families

2. Assign families
2 to mfg cells

Figure 2.20

3. Assign raw mtl's
to their point of
use

]

4. Keep receiving and

shipping close to
production

[nterrelationship digraph for facilities design.




Tree Diagram

Goal

Compound

A\

similarities

Determine part usage per product

Identify unique parts per product

Identify common products

Machines

Product family
formation

used

Determine machines needed per product

Identify machine sequence per product

Identify bottleneck machines

Demand

per product

Review product forecasts

Conduct P-Q analysis

Machine

Figure 2.21

capabilities

Determine precision requirements by product

Determine machine capabilities

Tree diagram for the formation of product families.




Matrix diagram

I

Table 2.10  Matrix Diagram for Team Participation

Team\Participants Joe Mary Jerry Lou Linda Daisy Jack
Part usage team P C P L P
Machine use & cap team L C P
Demand forecast team P C L

Note. L: Team Leader
C: Team Coordinator
P: Team Participant



Activity network diagram

T=21

>

B C
s 2[5 > % |7
5|8 8|10
A D E G H
S —— -
0|2 215 5|10 10|17 17|21
2 3 5 7 4
0|2 215 5110 10|17 17121
E
4 216
6 |10
Legend:
A: Schedule shutdown periods for equipment movement and installation
B: Interview, evaluate, select, and hire new employees
C: Train new employess i :  Actiwity duration
D: Interview, evaluate, and select equipment vendors Activity ES: Early start
E: Order equipment , , ~ |es|EF| EF: Early finish
F: Interview, evaluate, select, and hire construction contractors D LS: Late start
G: Meet to review installation plan (Facilities Design Team, contractors, LS|LF : Late finish
new employees, vendor representatives, and management) - o s
H: Executive installation plan and test system

Figure 2.22 Activity network diagram example for a production line expansic

esign project.

[l




Prioritization matrix

Criteria used to evaluate facilities design alternatives

A.Total distance traveled

B Manufacturing floor visibility

C. Overall aesthetics of the layout

D. Ease of adding future business

E. Use of current equipment

F. Investment in new equipment

G. Space requirements

H. People requirement

l. Impact on WIP levels

J. Human factor risk

K. Estimated cost of alternatives

Weights used in comparison of criteria

| = Equally important

5 = Significantly more important

I/5 = significantly less important

|0 = extremely important

I/10 = extremely less important




Prioritization matrix

Table 2.12  Prioritization Matrix for the Evaluation of Facilities Design Alternatives

Criteria
Row totals

A B C D E F G H 1 ] K (%)
A 1 5 10 5 1 1 1 1 1 5 1 32. (9.9)
B 1/5 1 5 1/ 1/5 1/10 1/5 1/5 1/10 1/5 1/5 7.6 (2.4
C 1/10 1/ 1 1/10 1/10 1/10 1/5 1/5 1/10 1/10 1/10 2.3 (0.7)
D /5 5 10 1 1/5 1/5 1/5 1/5 1/10 1/5 1/10 17.4 (5.4)
E 1 5 10 5 1 | 5 5 15 1 1/5  34.4 (10.7)
F 1 10 10 5 1 1 5 5 1 1 1 41. (12.7)
G 1 5 5 5 1/5 1/5 1 5 1/5 1/5 1/5 23.(7.1)
H 1 5 5 5 1/5 1/5 5 1 1/10 1/5 1/5 2291
1 1 10 10 10 5 1 5 1 1 1 5
] 1/5 5 10 5 1 1 5 5§ 1 1 5 30.2 (12.2)
K 1 5 10 10 5 1 5 5 1/ 1/5 1 43.4 (13.5)
Column 7.7 562 86. 513 149 68 326 376 5  10.1 14 3222
total Grand

total




Layout alternatives

Prioritization matrix

C‘/

Table 2.13  Prioritization of Layout Alternatives Based on WIP Levels
Layout

WIP Levels P Q R S X Row totals (%)
~ A =

P 1 5 1 1/10 1/5 7.3 (9.9)

Q 1/5 1 1/5 1/10 1/10 1.6 (2.2)

% B 1 5 1 10 5 22. (30.0)

S 10 10 1/10 1 1/5 21.3 (29.0)
- 5 10 1/5 5 1 21.2 (28.9)

Column 17.2 31 25 16.2 6.5 73.4

Total Grand

total




Ecilities Planning ?

Reject Allowance
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Process requirements - Quantity determination

®

A (" Scrap Estimates
-_Determination of the quantity to be manufactured
_for each component
For high volume production

The estimation of scrap depend on constant percent of
scrap

~ Reject Allowance Problem

> Determination the number of additional units to
allow when the number of items to produce are
very few and rejects randomly occur
For low volume production
The cost of scrap is very high



Reject allowance problem s » =~
20 C‘S x PO gesdoreest 2
., X:Number of good units ’ Q7 X
~ p(x): Probability of producing exactly x good units
" Q: Quantity of production
~ C(Q, x): Cost of producing Q units, with x good units

~ R(Q, x): Revenue from producing Q units, with x
good units

1 P(Q, x): Profit from producing Q units, with x good
units P(Q, x) = R(Q, x) - C(Q, x)
1 E[P(Q)]: Expected pI‘Oflt when Q units are

roduced
P F ro\';\Jr = R"C—
==  Ropeque St
MoK UM

(o e\-iM\)



o,
EP(Q)] = E P{Q, x)p(x)
x=0

EX WY
Qex> @

EP@] = ) [R(Q%) - C(Q P
x=0

How do we actually decide Q?
The goal is having exactly x units of good items.

Q, X —>disceete

vavtiables



Reject allowance problem

~ To maximize expected profit, Q can be determined
by enumerating over various values of Q

~ For most cost and revenue formulations the
equation is aconcave function

~ X and Q are discrete variables, therefore p(X) is a
discrete probability function

 If bis the number of defects then probability of
each number of defects may be different: P(b=1),

P(b=2 :
(b=2) et Cle=0Fe(xk=2) %~ Pk =3)

Rabaob; m'a

of kqviv\a

oNne good
uni



,_)\/S’\\ﬁ \3\3/“”\\ [P

ReJect Allowance Problem - Problem 1

4 casngs needed, no less no more P e
Price=$30,000/ casting ey

Cost=$15,000/ casting

The probability of casting being good is 90% ) =1
>How many castings to produce? (o)
>Probabili’ry of losing money?
the cusbomer uwill axept reither Few nor mor®  fhan Y cashi noy

k‘R iF x<y = O



R = { 0 forx <4

Reverve, 130000 * 4 = 1200008 for4=x=Q
Q
o> C'/‘“_’—J.a S-’f’ﬁ —“;’“"—";)

C; = $15000 * Q SO W O
CoS

P = ‘ |
et (930000 «4 - §15000Q = §(120000 - 15000Q) foré=x=(

3 o
E[P(Q)] = Z (—$15 000 * Q)p(x) + Z (120000 — 15000Q) p(x)
x=0 x=4

& ((orobit o fobe )



Probabilities

For each Q, the probability associated with each x
is different!

The historical probabilities may be available

You may need to calculate the values of
probability mass function:

binomi« |
P(x) = % a-p®» | e
lure

> Example: Probablllty of producing on y2¢ 2 good items when
an order size is10 and when the probability of producing a
good itemis p = 95%

P(2) = (10\0 952 *(1—0.95)(10-2)
\0, 2\ \2)

R, )
bab\'hf) .T.\ 0 andk L oF them ore §o°



Reject Allowance Problem - Problem 1

Probability mass function: (p=90%)

Casting Production

X —  customer 3, Qalro
order -~

Q 4 5 b F§ g
Good Castings |Probabilities

P(Lf/Cb < \(O‘C‘)( y «——0 0.0001 0.00001 0.000001 0.0000001 0.00000001

] 1 0.0036 0.00045 0.000054 0.0000063 7 2E-07

2 0.0456 0.00381 0.001215 0.0001701 0.00002265

o interval U o oo o 3 0.2916 0.0729 001458 0.0025515 0.00040524

= D Lo 4 0.6561 0.32805 0098415 0.0229635 0.0045927

5 0 0.59049 0354294 0.1240029 0.033067 44

b 0 0 0531441 0.3720057 0.14880345

7 0 J 0 0 0.4782969 0.38263752

g 0 0 0 0 0.43046721

T otal Probability T 1 1 1 1

N o
P(x) = (x jp"(l—p)( &

P(5,0)= (3

5) o) (o1 = 0.



3&0(1' %000(
onite needed

( q

Yy 5 6 7 34

'}‘:5 (OAY’(O-\)“ = 0.00°|

Pl = (




&S

¢

Reject Allowance Problem - Problem 1

Calculation of net income for combinations of x and Q

—-15000*Q x <4
o -|
$120000-15000*Q 4<=x<=0Q
X
# Good Number of Castings Schedul ed
Castings 4 B) 6 7
0 -$60,000 =)=%$75,000  -$90,000 -$105,000
1 -$60,000  -$75,000  -$90,000 -$105,000
2 -$60,000  -$75,000  -§$90,000 -$105,000
3 | -§60,000  -§75,000  -$90,000 -$105,000
S $60,000 $45,000 30,000 $15,000
5 $0 $45.000 $30,000 $15,000
6 $0 $0 $30,000 $15,000
7 $0 $0 $0 $15,000




Reject Allowance Problem - Problem 1

Calculation of expected profits for Q = 4,5,6,7and 8

E[P<Q>]=iP<Q, x) p(x)
L :;OF(Q/ Q) &b

Good Castings  P(X) ( 4 5 6 7 8
0 T6) 07 009 00106 00012
1 -216 -33.75 486 06615 -0.0864
2 -2916 £07.5 -109.35  -17.6605 -2.7216
3 17496 -5467 .5 13122 2679075 -48.9568
4 39366 1476225 295245 3444525 0
5 0 2b572.05 1062682 1660.0435 0
b 0 0 1594323 5580.1305 0
7 0 0 0 7174.4535 0
0 0 0 0 0 0
Elp]== E(pte=))= 18732 352248 208098 1467264 -51.798

QXPCC+EO(
Profit when Q=Y



Reject Allowance Problem - Problem 1

Determination of Optimal (I)rder Size

TS X\
( " Oe o\

/.7

2 3 4 5 6
Production Quantity (Q)

Expected Profit
Number of Castings Scheduled

4

5 6 7

$18,732 $35225  $28,098  $14,673




Reject Allowance Problem - Problem 1

"1 Probability of losing money (if Q=5)?

1 The probability of losing money on the transaction is the
probability of the net income being negative when Q equals 5.



Reject Allowance Problem - Problem 1

Calculation of net income for combinations of x and Q

# Good Number of Castings Schedul ed

Castings 4 5 i 7
0 -$60,000 % ‘ -$90,000  -$105,000
1 -$60,000 $75 000 \ -$90,000 -$105,000
2 -$60,000\ -$75,000 / -§$90,000 -$105,000
3 -$60,000 \-$75,000 -$90,000  -$105,000
5 $60,000 $45.000 $30,000 $15,000
5 $0 $45,000 $30,000 $15,000
i $0 $0 $30,000 $15,000
7 $0 $0 $0 $15,000

A negative net cash flow occurs if less than 4 good castings

are produced.




Reject Allowance Problem - Problem 1

1 The probability of losing money on the transaction is the
probability of the net income being negative when Q equals 5.

1 A negative net cash flow occurs if less than 4 good castings
are produced.

Cating Production 4 5 b 7 o

Good Castings FProbabilities
0 0.0001 0.00001 0.000001 0.0000001 0.00000001
1 0.0036 0.00045 0.000054 0.0000063 7 2E-07
2 0.0486 0.0031 0.001215 0.0001701 0.00002268
3 0.2916 .07 25 001458 00025515 0.00040524
4 0.6561 0.32805 0.098415 0.0229635 0.0045927
5 0 0.59049 0.354294 0.1240029 0.033067 44
b 0 0 0.531441 0.3720087 0.145880348
7 0 0 0 04782969 0.38263752
g 0 0 0 0 0.43046721

Total Probabilty 1 1 1 1 1

"1 The probability of producing less than 4 good castings equals:
0.00001+ 0.00045 + 0.0081 + 0.0729 =0.0816
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Chapter 3

Flow Systems, Activity Relationships,
and Space Requirements



Introduction

T Flow

— Flow of materials, people, equipment, N
information, money, etc.

- Flowand from manufacturing o
facility peck '

Plocess 1o D20k ko
Raw maferials inf

Spa ce Part order ’ . 013

— The amount of space required in the facility

— Workstation specification, department
specification and other space requirements
- Activity relationships <<aoiee
The. Relakionship o : s P P e i
ety Activity relationship is the key input in facilities
design
— Defined by flow relationships, organizational
relationships, environmental relationships,

process relationships and control relationships
Page 2




Introduction (Contd.) _ .
pata @

N

L

- |Data Needed for Layouts:| ~ COLLECTION

» (Frequency of trips or(flows of materials)measure the
interaction between facilities =
R

o v
¢
B e B Ao
¢ OW
¢
i
: :

- (Floor space available)and(Space requirements)

"~ Space

» [ Adjacency requirements between pairs of activities
— Activity relationships

-------------------------------------------------------------

» Shape and size and Location restrictions for facility

e ————

Page 3




Flow Systems

» D

5T
flow g4

7 . .
-Flow process have three characteristics

resources.

Types of Manufacturing Flows:

« w1, ‘Subject or item to be processed. (s st s ‘
2. 'Resources required for processing or transportation.
3. Communication: procedures that coordinate the '

Feom the Supplier to the -Faci\i’ﬂ&

1. Flow into the facility (Material Management System)
2. Flow within the facility (Material Flow System)
3. Flow out of the facility (Physical Distribution System)

—¥ fcom tne svpplier fo fhe customer

e

Flow in

Page 4

Manufacturing Process|'

@
Flow within §™®

~ s

Flow out



f\

Flow Systems (contd.)

Flow in
1. _

— |[Manufacturing Process

xk”cena\ Re

Prohcjjluctlon control and purchasing functions

j .
A - ‘/lr \
Vendors (sepeliers)

Transportation and material handling to move the material or
parts

Receiving and storage

Inventory records
Purchase order

Move tickets _ we o commnication AR
"~ (procedure that helps us foKnow whefe the faw materil is now)

Electronic data Interchange gEDI)
‘FO“ Fousmen‘\'
Kanbans o80SR (1 Slagmo 145 1)

Etc.

- Communication:
—  Production forecasts e \




Flow Systems (contd.)

Manufacturing Process

¥ : » \
2. [Flowwithin the facility: e

° Determined by t:he: type :of :depa:rtm:en:ts.

— b 4
prodoct «— K 2Sources. "3\ __/ll.

N

—  Production control and quality control depts.

—  Manufacturing, assembly, and storage depts.

—  Material handling to move materials, parts, supplies.
—  Warehouse inside tne. facility

=

T~ .
ommunic ti{'\n.

—  Production schedules e

—  Work order release \“-’3
—  Move tickets |
—  Kanbans AR

- Route sheets to know tne operation in twe ports
— Warehouse I’eCOI‘dS o Know how many we hove on shells , on process an-"s(nofﬁnishe&)

Page 6




Flow Systems (contd.)

N

L

3. (Flow'out of the facility:
Resources:

—  The customer.

Communication:
—  Sales orders
—  Shipping reports and releases
—  EDI invoices
— efc

Page 7

Manufacturing Process

Flow out

Fina\
Product

-

—  Sales and accounting departments and warehouses.
—  The material handling system and transportation equipment.
—  Distributors of the finished product.

3
y

M



Material Flow Systems

(N
U

Patterns of flow may be viewed from the perspective of flow
within workstations, within departments, and between
departments.

('qu, S\W\P‘es_\-s

-----------------------------------------------------------------------

FIow W|th|n workstatlon.

“important =|n establlshlng the flow Wlthln workstatloéns;.

- _For example flow within workstatlons should be
S|multaneous symmetrical, natural, rhythmlcal and

habﬁual

------------------------------------------------------------

Page 8




Material Flow Systems (contd.)

N

2. (Flow within department-g
Flow from worKstation

e Examples: Yo workstakion
Locating machines within a department
“H—.-
Laying out a hospital emergency room.

» ((Dependent on theltypeiofidepartment (process)or
ent).

P rodu ct departm

e For a product department, the flow will follow the
layout of the machines. The possible flow patterns are:
—  End-to-end, back-to-back
—  Front-to-front
—  Circular

(Comb'me«)

vF a\l machines that

need to prodvee & Pasticvlar
- °f eroduct




r__r'?ho.ve o high mass Prodochov\

wmI0-40

wmB0-1

movement I\

will be from a dePo.r'\'menf

o an pisle

Page 10

Process Department

\—shefe we can do the process
e (Vaﬁ(e;\-o.& FFo&ud’

<

Low quanki
wikh hiah vafie Y

(Same operakion)

 E— | Orin__| Grind _Oritt | K
A
) |8 3
—
Y E
Lathe Lathe Drill —
()
Product Department  (for Mass production)
vagieky L ' (di¥ferent operakion in one de_eaﬂme,n’ﬂ
25 Az
[ | - [weis ]
Lathe Drill Weld
_l 3 I ¥ ; w
Lathe | Lathe [ orn | | Paint | [ Paint | 2
A A 1 v
i ¥ ¥ i
[ =1 [ min |- [ Grina | [Assembiy | — U
A E




Material Flow Systems (contd.) achines
For o prodvct department 9-

WV

»
»

© ©
wocter «”

End-to-end

) wof Ye(S

® | wo of ke

Front-to-front
(one. wofker or fwo machines)

Page 11

the boxes represents

C workstations)

2 workers
} e 39 4 TIR)
back-to-back (At o=
pareliel)
? \ wof ey
Circular

(o ne. wof ker works on mofe>
hon  fwo machines



Material Flow Systems (contd.)

N

L

e FoOrc

ittle intradepartmental

HAJIJAIA

flow. M

o Three examples of configurations:
— Parallel

— Perpendicular
Diagona (not used often, assume one
EVEF RPN —=

(Regie e spad™ WAY QiSles which are not common)

but it iS 1esS flexible

A
v

Aisle
move the pofts from department

‘o0 oncther one

Page 12

ost is(between the department and aisles.)

Aisle

Aisle

Aisle

@/

Aisle

Diagpnal _ less :l"“:;e_
oL . not flexi
cwajackenshic Z pisle one woy




Material Flow Systems (contd.)

N

L

» In the case of mechanized and automated systems
involving the use of continuously running conveyors,
shuttle carts, automated guided vehicles, robots, and
others.

» Several primitive flow structures or patterns:

1. The line flow pattern:
e Straight-line

e U-shaped
e S-shaped
e W-shaped

2. The spine flow pattern
3. The loop flow pattern

4@!@&&@@ flow pattern




?wsﬁf a\

Material Flow Systems (contd.) .t

& oo™ S\
< []
oo
Line flow for \ess vasiety produck
"o Panini €
Sl st &

Spine flow T I %
C;'ree flow W T

RobotiC Material hand\in%

59
[]

Inner loop | <

(the Flow s inside the \ooP) <
e

Page 14

[\

-



N

Material Flow Systems (contd.)

L

3. Flow(between)departments: (.. e fli)

Flow typically consists of a combination of the four

general flow patterns:

Straight-line
U-shaped
S-shaped
W-shaped

Page 15




Material Flow Systems (contd.)

N

L

- An important consideration in{combining the general
flow patternsis the location of the entrance

(feceivingydepartment) and &xit (Shipping
department). T

» Often these locations are fixed due to building
construction

« | Flow within facility| should conform to the restricted
locations of the entrance and exit. [
— N e ————

« Examples, see Figure 3.25:

— Entrance and exit can be: at the same location, on adjacent
sides, same side but opposite ends, and on opposite sides

Page 16




A
, < L — .
Exit and Enfrance. + + + A v >
in the same 7 o ]
place
not ere fered  (q)
— - -
@ = 2 '
Y
= - l
= I\ 1 el
adjacent side LV)
(&)
Gﬁe;s_
—— - -
Y * } > '
= |
r—=- -
"V\'H'\Q Same side
opposite end (e)
on Oﬂmsﬁe 7 @ Y j A =
sides T _— T ) —
= ' =

parralie]

(a) At the same location. n adjacent sides. (¢) On the same side but at opposite ends.

(d) On opposite sides. e““j\';‘e'*/\ A 'y Flow )l (8 £

ext

(d)




Material Flow Systems (contd.)
F OW Plannina A

1 Illlltd

«  Effective flow planning is alhierarchal planning process.)

«  Effective flow between departments depends on effective
flow within departments, which in turn depends on
effective flow within workstations.

N

Effective
flow
between
departments

Depends on

within depo( tments
and withipn wokstoations
Effective flow
within departments
Effective flow
within workstations

| |




Material Flow Systems (contd.)

Flow Planning Mok ditiect flow po
Min  flow
- ’ZN\\QC”* o1 the flov

. \Flow planning principles: s

.H,'

1. Maximize direct flow path:

LB flowsge gola 2 s Lo
» (Maximize directed uninterrupted flow paths.
That is, the path does not intersect with other

paths.

« (Avoid backtracki@whigh increases the length of
the flow. 0 =8 0 e 0 e A 0 ot .

\/\/\

Page 19




(b)

Figure 3.27 ' The impact of interruptions on flow paths. (@) Uninterrupted flow paths
(/) Interrupted flow paths.

A 50

50 24
]25'

-
BACK Q B 50 C 75"
Tacking Il s

defes)) 8:Y5 (ou  Flow Path A

e o (50 + B0 + 60" + (75' + 25') = 250 faet
maci€ 5L ) O\ Flow Path A~ B~ A — C — D
d‘"%d:,ﬂ,m’*‘ © (50" + 50°) + (50" + 50') + (50" + 50') + 50') + (75' + 25') = 450 feet
W i i
b‘ir‘;cKﬂ?é 'Zi_p:o'A\ ot o> DO—’J& Backtrack Penalty Pena\.‘.‘s C,OS'\’

Figure 3.28 Illustration of how backtracking impacts the length of flow paths.

—Tration o how Packimdd



Material Flow Systems (contd.)
Flow Planning

N E liminate Unnecess&

2. Minimize flow: work simplification approach

1. ¢ Eliminating flow by delivering materials, information, or people
directly to the point of ultimate use and therefore eliminate
intermediate steps.

JE. . .
2. (_Plan for the flow between two consecutive points to require as
few movements as possible < preferably one.

3. {__ Combine flows or operations where possible. Plan for the
movement of material, information, or people to occur
‘simultaneously,with processing.

Page 21




Material Flow Systems (contd.)
Flow Planning

N

L

3. Minimize the cost of the flow:

1. (_Minimize manual handling’by minimizing walking, manual
travel alstances, and motions.

2. '_Eliminate manual handling by automation or mechanizing
the flow . This lets workers devote their time to their
operations — not material handling.

Page 22




Material Flow Systems (contd.)
Flow Planning

N

L/
{

1.

Possible indicators that the flow needs improvement:

Many units on carts, shelves, or conveyors waiting to be
assembled.

Parts on the floor in bulk containers waiting to be assembled.

Shelving along the walls full of rejected parts or other items that
may not have been disposed of.

Numerous rework benches, or a large amount of rework being
performed on production benches.

Expensive ma.c.hiner_y that_ is_idle. P IS o Lok
People expediting high-priority work orders:™ =, pyasse ¢ dise Bate '
Production status meetings being held every day.

Trash on the floor.

Anything in the aisles except people and transport equipment.

Operators making partial assemblies because of a part shortage.

Page 23




Material Flow Systems (contd.)
Flow Planning

N

L

 Signs of a good general flow pattern: ©
— A flow starts at receiving and terminates at shipping.
— Straight and short lines of flow
— Minimum backtracking
— Materials moved directly to point of use
— Minimum WIP

— Flow pattern is easily expandable, new processes can
easily be merged in

Page 24




Departmental Planning

\ p e




( Department Planning )

WV

» Concerned withWn—n@department
(production, service, support ,..etc.7

» | Production Planning departments|are collections of
workstations to grouped together during the facility
layout process.

» As a general rule, planning department needs to
combine workstations that perform "“like” functions.

« CLike" Functions>
— Similar Eroducts

— Similar components

. —_h—
— Similar Erocesses

Page 26




Department Planning (contd.) |7 ¢
General Types of Layouts

N> . . product Layout
° PI‘Od UCtIOI"I I|ne |ay0u y- (c,ow\b'me different mochines that f:riov::l:cr%eo&g.w%{;og\c:>
Large stable demand for a standardized product (engine,

automobile) No Uaric’rxj

o (Fixed position layout — NI the operoions cme to the place where fhe

product that is difficuld o move is place
Demand exists for large, awkward, difficult to move product
such as aircraft

machines qre combined {o%d’he( in one place to produce

— .
sroVP .+ PrOdUCt famlly IaYOLt V- (more. than one Produc{-

of products . . __
‘ Medium demand for medium number of similar components
Just Finishh
e —
o ration  PTOCESS Iay_ou | + e
Combine workstations that perform similar processes ... «iing -
1< 9

» Hybrid layout —
Page 27 Composition of several of the different types of layouts




Department Planning (contd. ) o g Lo s (o)

Volume/Variety Classification

A
Y

L

Low Uogietq —high yolwme

A
Volume Product >
Planning
Department Medivm Voagieky - medivm Valume
V“ﬁ'ﬁ’,{"j Sandacized
- - Product
Production line
(> layout
Planning
Department
| Fixed Group technology
Location layout )| layout Process layout =
Fixed
Materials Process ——’Uaﬁ'e{'\s
Location Planning high bt
Planning Department t’;es':itlfme
Department !
Low \Ia(ie\-‘g—-LOW volume -
Page 28 Variety




= FLCONW, SPACE., ANILY AC.1IIVIL Y RELALILIINSEHILIYEYOS

v¢tio
——{tmime ——{ o —{ Grina }——{ o +— — Production
s a A [line Lovev]
3 Srin - 3 8 J
o e a— Q
R ™M o
I v T T oy 8 —¥ S
S L s
Y E
Lathe Lathe Drill -

Cex)

Fixed
Lano%

wmuo-®
i
Il
~,
J
0
i
B
1]
®
U]

w
A
R
E
St H
5|2
u
=3
[ weia | [ Paint | Assembiy e

(&5)

= Famil%
s . Vé' anovi'
o R
-
: sl
| Grina | ¢
—
Process
w (7]
% aint I | Paint 2 a Lmso 1-
g HAssembly | : lSJ Q
E

T De—

N—

|

()

Figure 3.18 Marterial flow systems for various types of departments. Cad Product planning
departments. (5 Fixed marterials location planning departments. (o) Product family planning
departments. () Process planning departments. '




O Guide for Combining Workstations Table 3.1

Table Procedural Guide for Combining Workstations in Planning Departments
And the Method of Combining
The Type of Planning Workstations into Planning
If the Product Is Department Should Be Departments Should Be
Standardized and has a Production line, product =~ Combine all workstations required
(Olarge stable demand. department. to produce the product.
priysically large, awkward Fixed materials location, Combine all workstations required
to move, and has a low product department to produce the product with the
anradic demand area required for staging the
product
Capable of being grouped Product family, product Combine all workstations required
into families of similar department to produce the family of
parts that may be products
O produced by a group -
of workstations
None of the above Process department Combine identical work stations

into initial planning
departments and attempt to
combine similar initial planning
departments without obscuring
important interrelationships
within departments

Support, administrative, and service planning departments have been traditionally
treated as “process’ departments, because similar activities are performed

Page 30




Most of the flow will be from

Process Layout Example departenent to Aisle
5
N
Milling
Lathe Department Department Drilling Department
L L —>| M L —>| D j D \D D
L L —>| M /-D/ D D
L L G P
L L | <+ G P i
\ Grinding Painting Department
Department
L L
\;] Receiving and | | Al A +_ A
Shipping
Assembly

Page 31




””\Product Family Departments
\/Manufacturmg cells (Group Technology)

» Product Family or Group Technology departments
aggregates medium volume-variety parts into families.

-?required to manufacture the part family are
rouped to form cells (¢ Turing)y

%— Machines
¥— Employees
¢— Materials
¥- Tooling

Page 32




N

Different design attributes,
similar manufacturing requirements

5 B 0 G =
9)
/

. 1| e
e Sl = &

——D

@dSD Turned Geometric  Formed
parts parts parts

Unorganized parts Parts organized by families




/" Groue Technolo gy
. BeforoGr

U 2p
Defects A\

After GT

unintrupption
(N o B&C\& ‘“"“QY\.‘“%\

to decrease
the defects
and the reworK




N
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,si jnventory
’ (5

wofK in plocess 4
ivwev\*ofn »

e Before GT

o After GT

Jet inventory

e e e
L M Man
|
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|
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|
|
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: Man
1
_
1
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I |
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Product Family Departments
Manufacturing cells (Group Technology) (contd.)

N
\J

» Manufacturing cell operation needs minimum external
Support.

» Often designed, controlled and operated using JI7, TOM
and Lean manufacturing concepts

- Benefits of cell manufacturing:

— Reduction: inventories, space, paperwork, equipment,
transportation, etc.

-~ Simplification: communication, handling, scheduling, etc.

imoosement - IMProvement: productivity, flexibility, quality, customer
for the prdoct  Satisfaction, etc.

and the process

Page 36




Product Family Departments
Manufacturing cells (Group Technology) (contd.)

N

L

» Successful implementation of cells requires addressing:

gi Selection: identification of machine and part types for cell
— Design: layout, production and material handling requirements

— Operation: determining lot sizes, scheduling, number of
operators

— Control: methods used to measure the performance of the cell

» Several approaches for selection issues e.g. heuristics,
mathematical models and clustering techniques.

» Different ways of clustering algorithms

— One simple clustering techniques is called direct clustering
algorithm (DCA)

— Example of DCA : see page 102 (text book)

Page 37




Clustering Approach (2 )

@ Direct clustering algorithm
@ Rank order clustering algorithm
@ Cluster identification algorithm




Me,‘l"f\ od 1

Direct Clustering Algorithm (DCA)

®
;
1. Sum the 1s in each column and each row of the machine-part
matrix. s

2. Order the rows (top to bottom) in descending order of the number
of 1s in the rows. b

3. Order the columns (left to right) in ascending order of the number
of 1s in each.

4. Sort the columns. Beginning with the first row of the matrix, shift
to the left all columns having a 1 in the first row. Continue row-by-
row until no further opportunity exists for shifting columns.

5.  Sort the rows. Beginning with the leftmost column, shift rows
upward when opportunities exist to form blocks of 1s.

6.  Form cells such that all processing for each part occurs in a single

cell.

Page 38




Example 3.1:
Applying the DCA method to group 5 machines

Step 1 Rows —» pary nf:;aev
Columng —» machine number
machine #
part # 1 2 3 Z 5 # of 1s
¢ Sum the rows
1 1 1 -
2 1 :
4 1 1 z
5 1 1 n\:_:;t ::fhme
P| i \/ 3] o™ and three
6 1 1 2
sum th® 4 of 1s 3 2 2 2 - o
A P3 {2453
Py 1,3 3
Ps {23%

Page 39 P6 £4,53




Steps 2&3 Step 4
machine # machine #
part # 5 4 3 2 # of 1s| part # 5 4 2 # of 1s
17 )
36 1 1 1 3 3 1 1 1 3
W

6 1 1 2 6 1 1 2

4 1 2 4 2

1 1 2 1 2

5 1 1 S5 1 1

2 1 2 1

# of 1s 2 2 2 2 # of 1s 2 2 2
D
Step 5 ~ Step 6
machine # Cmachine # >
# of
part# 5 4 2 3 1 1s > 4 2 3 1 #ofls
3 1 1 3 3 1 1 1 3
6 1 1 2 6 1 1 2
5 1 2 I:j> > 1 2
4 1 1 2 4 1 1 2
2 1 |1 - 1 |1
# of 1s 5 5 5 2 3 # of 1s 2 2 2 2 3
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Product Family Departments
Manufacturing cells (Group Technology) (contd.)

L

» "Bottleneck” machines in cellular manufacturing are
those bind two cells together.

 When bottleneck condition exist:

— Locate bottleneck machines at the boundary
between cells.

— Duplicate machines
— Consider redesign of parts
— Consider outsourcing processing

Page 41




Machine #
Part# 5 4 2.3 1 & lpats 2 2 3 1
AR ﬂ N e 3 11
6 T 6 1
5 ﬁ 1 5 1
4 i 1 4 1 1
1 11 1 1
2 1 2 1
(a) (b)
Machine (7_3'\3 the
bottleneck  machine #
Part# 5 4 2 3
3[1 1 1
611 1 What can we do?
: 1
4
1 1
2
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Clustering Approach

e Direct clustering algorithm
e Rank order clustering algorithm

o C \ US’\'Qr —S_ deﬂ*iyic&‘\'iof\ o\\csof'\‘\\!\m



Method 2

Rank Order Clustering Algorithm

Step 1: Assign binary weight BW. = 2™7 to each column j of the part-
machine processing indicator matrix.

Step 2: Determine the decimal equivalent DE of the binary value of
each row j using the formula

DE, = ZmZZ’"—j a;
j=1

Step 3: Rank the rows in decreasing order of their DE values. Break
ties arbitrarily. Rearrange the rows based on this ranking. If no
rearrangement is necessary, stop; otherwise go to step 4.



Rank Order Clustering Algorithm

gtep 4: For each rearranged row of the matrix, assign binary weight
W, = 2n,

Step 5: Determine the decimal equivalent of the binary value of each
column j using the formula

DE, = i 2"t a,
i=1

Step 6: Rank the columns in decreasing order of their DE values.
Break ties arbitrarily. Rearrange the columns based on this ranking. If
no rearrangement is necessary, stop; otherwise go to step 1.



Sample part-machine processing
indicator matrix
P =ZM'7M"|)M6’}>

Py :{Ml)Ms?MS-% M a c h i n e
Py ={/"\w -;Mé} M My My M, Ms My M
Py - im UMS} j T 1 1
oM B2

Pg = 5M1)M53M1
[a;]= a P; 1 1




Mg ngniinh
@

M M, My M,

[ay] =

P, fo 1 1 7,1®
P P, 1 1 52@
g 1 1 '0@ Now ofder
y @ Yhe DE
t B k 8 in decreasin
t Ps 1 1 17 @ OVAQ-‘-
Ps 1 137 @
M| My | Mg | My (Mg Mel M @
Pl \ | 19
P, I ‘ 16
\ I 3
‘;” l Uy
: \ \ 2
fe
Py ' l \
29 26 33 20 33 4
® 2% 60 063
4 32 16 B oy 2
My Mg M Mo M3 Mg Mg,
ud
\2
10
\\
5
a6
\MV\ Mg M\\M'l M'S ME/M’[
B2 1 [ T1 ]
Py | L1 |
Pa | [
Pe \ \ [ Ll
Fo Vb




Rank Order Clustering — Example 1

Binary weight

[a;] =

B Ww;

1
&)

64-F 32=2 16=2 82" 4=7

Binary value
74 ]
2 | pE
10 Decimal
48 Eiu;vihn‘\'
17
37 J



Rank Order Clustering — Example 1

My, M, M; My Ms Ms M,

Binary value 32 28 26 33 20 33 6 Binary weight
Py 1 1 1 32
P 1 16
[ai] = Py 1 1 8

1 4
Ps 1 1 2
1



Rank Order Clustering — Example 1

M4 M6 M1 Mz M3 MS M7

Binary weight 64 32 16 8 4 2inaahin Binary value
Py 1 1 1 112
P, 1 1 1 14
[ai] = Py 1 1 12
Pg 1 1 1 11
Ps 1 1 5
P 1 1 96




Rank Order Clustering — Example 1

improvement g0 Lo AU yy Ly,

M4 M6 M1 M2 M3 MS M7

Binary value 48 48 32 14 12 10 3 Binary weight
P, 1 1 1 32
P 1 1 16
[a;] = P 1 1 1 8
Py 4
Ps 1 1 1 2
Ps 1

CC\\(l)oo !(: /‘M’ M‘\,MG} responsible for produvcing P. 4P

Cell (2) 3{ M‘/M’/M?’, Ms, M73 responsible for produ ing P7‘/‘0"/(‘)6/ s



ROC Algorithm Solution — Example 1

M4 M6 M1 M2 M3 MS M7

Binary value 48 48 32 14 12 10 3 Binary weight
P, 1 1 1 32
P 1 1 16
[a;] = P 1 1 1 8
Py 4
Ps 1 2
Ps 1
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MeYhod 3

Cluster ldentification algorithm

1. Select any row and cross it

2. For each crossed 1 make a vertical line

3. For each crossed 1 make a horizontal line
4

Repeat until all the 1s are crossed by a
vertical line or by a horizontal line

5. Form a cell from all the machines and
components which were crossed

6. Remove all the crossed elements
(machines and components) and start
again




Cluster ldentification algorithm

1. Select any row and cross it

P1 P2 P3 P4 P5 P6 P7 P8
— e
M2 | 1 1
M3 1 1
M4 1
M5 1
M6 1
M7 1 1 1




Cluster ldentification algorithm

—— 2. For each crossed 1 make a vertical line

M3 1 1

M4 1

M5 1
M6 1

M7 n n 1



Cluster ldentification algorithm

—— 3. For each crossed 1 make a horizontal line

M2 1
M3
M4
M5
M6




Cluster ldentification algorithm

4. Repeat until all the 1s are crossed by a vertical
line or by a horizontal line




Cluster ldentification algorithm

5. Form a cell from all the machines and
components which were crossed

P2 P3 P5 P8
M1 1 1 1

M5 1

m7 1 1 1

First cell is identified!
Cell #1 will produce parts P2, P3, P5 and P8
with Machines M1, M5 and M7



Cluster ldentification algorithm

6. Remove all the crossed elements (machines
and components) and start again

P1 P6
M2 1 1
M4 1

Cell #2 will produce parts P1 and P6 with
Machines M2 and M4



Cluster ldentification algorithm

6. Remove all the crossed elements (machines
and components) and start again

flf P4 P7

| | M3 | 1 1
M6 | 1

Cell #3 will produce parts P4 and P7 with
Machines M3 and M6



Cluster ldentification algorithm

SN

—1 /e Three resulting cells:

P2 P3 P5 P8 Pl P6 P4 P7

Ma —Cell #2

M3
M6 <\Ce|l #3
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Product Family Departments
Manufacturing cells (Group Technology) (contd.)

N

L

«  The design of the cellular manufacturing system
can be Decoupled cells or Integrated cells :

1. Decoupled cells: O

ng uses a storage area to store parts after the cell has

00 finished with them

—  that acts as a decoupler (making the cells and
departments independent of each other).

—  If another cell needs them, it would retrieve them from
there.

— This lead to excessive material handling and poor
responsiveness.
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Product Family Departments
Manufacturing cells (Group Technology) (contd.)

N

L

2.

o Kanban:o

Integrated cells:

.
Cells and departmentsare linked through the use of

or cards.

s\'gv\a\

Production cards (POK): to authorize production of
more components or subassemblies.

Withdrawal cards (WLK): to authorize delivery of more
components, subassemblies, or raw materials.

— means “signal” and commonly uses cards to signal
the supplying workstation that is consuming
workstation requests more parts

Page 44




= FLOOON, SPACE, ANID ACTIVITY RELATIONSHIPS

l Customer ]
WL K Kanban linking thhe mfg
and assembly cells with
final assembl
wWLK r Warehouse l : o
WL

Assaembly lhne
finished goods

storage
Assembly
line
Assembly Purchased
Parts . > pParts
storage storage

U wLK

Subassembly
finished parts
storage

Subassembly
b cell WLK

Subassembly
Pparts
storage

U WLK

l Parts storage on plant floor I WLK

Manufacturing
cells

Raw materials and
purchased parts storage

U WLK

[ Suppliers ]

POK: Production card

WLK: Withdrawal car
Figure 3. 1F Ix — e =5 = = DacturTy SR Ster.
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Product Family Departments
Manufacturing cells (Group Technology) (contd.)

L

1.

2.

In general there are two types of production control
systems:
“Push” production control system:

— “When workstation completes its set of operations, it pushes its
finished parts to next workstation. If the supplying workstation
operates faster than consuming workstation, parts will begin
to build up.

“Pull” production control system:

—  Supplying workstation did not produce any parts until its
consuming workstation requested parts. This system called
Kanban which means signal.

Pl N (7 5ST\gosamuss

The final step is the layout of each cell:

U-shaped arrangement of workstations significantly
enhance visibility.
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Flexible Disk Drive Line

4t station

Solder, install
line filter

sth station

Serial no., top,
visual inspect

LT (=

00

Red & Yellow

Kanban ehes 6" station
uares
=3 Perform
379 station electronic
test

Attach fan
wire,

Direction of

: @ movement of
install material in assembly
fan cell

7th station

Test power

cord, attach
279 sration label

Install PCB

G

bottoms

7=

Z I E=T=

=

é 15t sration 8th station

é Place disk el Wt F;'BdCKaSen.t
. : a cou

Z drives into S e

]

*Problem" display

Agenda easel Pallet
of
cartons

Figure 3.16 An assembly cell for disk drives, designed by workers
at Hewlett-Packard, Greely Division.
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Activity Relationships
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Activity Relationships

N

Five main types:

» Organizational relationships — influenced by span of
control and reporting relationships.

. Flow relationships — including the flow of material,
people, equipment, information, and money.

» Control relationships — level of automation, centralized
vs. decentralized material control.

« Environment relationships — including safety
considerations like temp, noise, humidity, and dust.

» Other process relationships - such as floor loading,
water required by machines, etc.

o> ¢f
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Measuring Flow

N

L

Measuring flow is very important in evaluating
alternative arrangement of departments within a facility.

Quantitative: If large volumes of materials, information,
and people moving between departments.

Qualitative: If not a lot of physical movement between
departments, but significant communication or
organizational relationships.
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Measuring Flow

N

Quantitative flow measurement:

Mileage chart:

— Note the diagonal values are zero

exit points in the department.
— Measures of distance

Euclidean, Squared Euclidean, Rectilinear, Aisle Distance,

Adjacency, Shortest path
— We will discuss them in detail later.

Example of Mileage chart

Page 51

— distance between departments

®

— Not necessarily symmetric: one way aisles, different entry and

A B C
A 12 18
B 6 6
C 18 14




N

Measuring Flow

o Quantitative flow measurement:

e From-to chart:
— Flow between departments. =

— does not have to be symmetric (Example: No definite reason for
the flows from stores to milling to be the same as the flows from
milling to stores)

Tol A B C
From oy
A ] 420 125
B 60 350
\\\ g
75 25 ow b
C \\M de Pa(kmenf' J o
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Measuring Flow

N

L

A From-to chart is constructed as follows:
List departments in logical sequence.

Establish a measure of flow for the facility that
accurately indicates equivalent flow volumes.
(Some common unit of measure).

Based on the flow paths for the items to be moved
and the established measure of flow, record the
flow volumes on the from-to chart.
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Measuring Flow

) x
N5 ) «x
+ Example: 3) 2x

A firm produces three products, 1, 2, and 3. Product 1
and 2 are of the same size and weight, while product 3
is twice as the size of products 1 and 2 and requires
twice effort to move it.

— The departments include five departments A, B, C, D
and E.

— The overall quantities to be produce daily and routes
are

— Product1: 30; A=>C—-> B ->D->E

—Product2: 12, A>B—>D->E
— Product3: 7;A>C->D->B-E
o Construct the from —to matrix.
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Measuring Flow

N

L

» Example (contd.). From-to matrix

To A B C D E
From
A 12 30 /=44 0 0
twice the Size

B 0 0 30+12=42 2*7=14
C 0 30 2*¥7=14 0
D 0 Iy yg 0 30+12=42
E_\ 0 0 0 0

Page 55




Measuring Flow

N
Y

- Relationship chart:

being close to each other.

— 6 Closeness Relationship Values:

- Absolutely necessary
- Especially important
- Important

- Unlmugrtant
- Undesir ﬁle ®

X cCco+—m»>»

Page 56

» Qualitative flow measurement:

rdinary Closeness okay —

— Determine the relative importance of different departments

Sy Lo 4=y
s gl 0 15|




Rating Definition

M eaSU rl ng FIOW A Absolutely Necessary

Especially Important

N
\J

Important

Example of Relationship chart:

E

I

@) Ordinary Closeness
u

X

Unimportant
PrOdUCtiOn >\ Undesirable
e ——
Offices /O(A
U - \
Stockroom O

Shipping and Recelvmg m

Locker Room

Tool room
S —
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Measuring Flow

N

»  To construct the Relationship chart:

1. List all the departments.
Get closeness information. How to get this information.

Define the criteria for assigning closeness values and
itemize and record this information on the chart.
(example: frequency of use high, medium, low)

4. Get feedback from sources of information.

Avoid too many A’s and X's.
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Relationship Chart may include the closeness values in

conjunction with reasons for the value %o¥ depactments — 9
YWoF cells —» 9,8 = 36

1
\‘/ 2
n(n-\)
2

. Reason
1. Directors conference room
Frequency of use high
2. President Frequency of use medium
| Frequency of use low
3. Sales department

Information flow high

4. Personnel Information flow medium

Information flow low

5. Plant manager
. . Definition
6. Plant engineering office Ly
/
Absolutely Necessary/™
7. Production supervisor Especially Important
Important

8. Controller office .
Ordmary Closeness

9. Purchasing department

Unimportant T 3.6
Undesirable




Converting From-to chart to Relationship chart 3°f N}:f;_

J9oy b Clo sl 527 LR

From-To Chart

] »,
Sogus LLJL Y5
Modnix in & )
on€ direction o B0 => ‘3
o € £ 4 & 2 ©°
s = € ¢ 8 § 5
| h =T 2 > > 7 5
< =2
Stores - 24 12 161 8 -
Milling - - - - 14 3 1
Turmning - 3 - - 8 - 1 :>
Press - - - =3 1 1
Plate - 3 2 - - 4 3
Assembly 2 - - - - - 7
Warehouse - - - - - — -

£ Frequency table
g__ n Decrea81n3
v ofder
X
Departments Frequency
1 [Stores-Milling 24 +A
2 Milling Plate 14+3=17 ‘15
3 [Stores-Press 16 -
4 [Stores-Turning 12 .
5 [Stores-Assembly 8+2=10 } I
6 [Turning-Plate 8+2=10
7 |Assembly-Warehouse 7 -0
8 [Plate-Assembly 4 T
9 IMilling-Assembly 3
10 [Turning- Milling 3 v
11 |Press-Plate 3
12 [Plate-Warehouse 3 T
13 [Stores-Plate 1 T
14 Milling -Warehouse 1
15 [Turning-Warehouse 1 X
16 IPress-Assemny 1
17 IPress-Warehouse 1 T




Converting From-to chart to Relationship chart

Frequency table

|Departments

Frequency

Stores-Milling

24

[Milling-Plate

14+3=17

Stores-Press

16

Stores-Turning

12

Stores-Assembly

8+2=10

Turning-Plate

8+2=10

Assembly-Warehouse

[Plate-Assembly

[Milling-Assembly

Turning- Milling

|
RlBle [N |o|u|s|w|n]m

|Press-Plate

[EEY
N

[Plate-Warehouse

[EY
w

Stores-Plate

[EY
F=N

Milling -Warehouse

(I
(o)

Turning-Warehouse

[EEY
(=2}

|Press-Assemb|v

[EEY
~

[Press-Warehouse

Rl R R R RWWwWw| WA~

25

20

15

10

Absolutely important

| Extremely important

Important
1 2 3 4 9 10 11 12 13 14 15 16 17
_Qri“"i’ Unlmportant



Space Requirements




Space Requirements

A
Y

L

« | The amount of space required in the facility is
difficult to estimate because:

i1 Uncertainty: change in demand, change in

0*.»5“"0 90

Lo product mix, new technology, new methods.

2. Department managers tend to overstate
their needs.

3. Parkinson’s Law: Department expands to fill
up its space.

»
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Space Requirements (contd.)

§

e Modern Manufacturing methods are reducing space
requirements:

—  Product are delivered to point of use in small batches.

—  Decentralized storage.

—  Less inventory (products are pulled with Kanbans).

—  More efficient layout arrangements (manufacturing cells).

— Quality control at the source

—  Companies are downsizing (leaner organizations, focused
factories, outsourcing, etc.)

—  Offices are shared

For manufacturing: Start with the workstations, then departments
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Manufacturing methodologies change
Shipping/Receiving Docks

Y N A
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Manufacturing methodologies change

_<

T

7

without QC

Supplier

control

<

Quality

~
/

efects

after QC

Supplier




Space Requirements

Workstation Specification
» Three components: Equipment, materials, personnel:

— Footprint of machines (machinery data sheets)
— Machine travel (all directions)

— Machine Maintenance

— Plant services

o
Materials:
— Receiving area (and storing inbound materials)
— Holding In-process materials (WIP)
— Storing outbound materials
— Waste and scrap
— Tools, Fixtures, jigs, dies, and maintenance materials.




Space Requirements
Workstation Specification

- Personnel:
— The operator
— Material handling

— Operator ingress and egress

¢ For the first two points consider ergonomic principles:
— No long reaches

— Minimize manual handling
— Safety

» For operator ingress and egress:
— Min 30 inch aisle if two stationary objects.
— Min 36 inch aisle if one stationary and one working machine.
— Min 42 inch aisle if two working machines.

Usually a good idea to simulate operator tasks to verify

ttWof estimates.




Space Requirements
Department Specification

N

L

Departmental area requirements are not simply the sum
of the areas of the individual workstations.

Flour { walk in cooler

Table

L} L} ~
Starter processor

D’ ﬁ: _ ( | water chiller
r L

Divider Molder Mixe

_ N [ 1
< \\ J
‘\/\ < Rack Office
\ pN | |
\\\ \> ) B |
e | YAINEEE
‘L_- Shicer .
rack sink -
oven
proofer | S
FG’ 7
H.t =
- ]

o

ik

deck ;ﬁé\

T T OVEn ol

Page 69 Bakery — Production department




Space Requirements
Department Specification

A
Y

L

» Some areas can be shared between workstations:

— tools, housekeeping items, storage areas, operators, Kanban
boards, etc.

Additional space is required for material handling, WIP

buffers, storage cabinets, office areas, visual displays,
aisles, etc.

For both workstation and department often end up with a
range on space estimates. (allowance factor)
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Space Requirements

N

Aisle Specification Right Ande—s & Ilﬁﬂ EIIII
“Two types:

— Main — this is the current focus
— Departmental (Aisle allowance estimate — see table 3.4) ‘

« Want the aisle to promote effective flow

« How wide depends on how big the moving things. See
table 3.5 in the book for examples.

» Do people and material need to be pass at the same
time. Two way flow?

» Minimize curves, non-right angle intersections, and dead
ends.

 Aisles should lead to doors if possible.

e Be certain to note where columns are located so that
they are not located in the aisles.
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Table 3.4

A

G

Table 3. 4 Aisle Allowance Estimates

Aisle Allowance

If the Largest Load Is Percentage Is"
Less than 6 ft* 5-10
Between 6 and 12 ft* 10-20
Between 12 and 18 ft* 20-30
Greater than 18 ft* 30-40

“Expressed as a percentage of the net area required for equipment, material, and personnel.

robles Y k. Sleghed) 5210
Page 72 »a— Lﬁ/"“‘"ﬁ')




Table 3.5 I[ﬂli
. Recommended Aisle Widths for Various Types of Flow k
Aisle Width
Type of Flow (feet)

Tractors 12
3-ton Forklift 11
2-ton Forklift 10
1-ton Forklift 9
Narrow aisle truck 6
Manual platform truck 5
Personnel 3
Personnel with doors opening into the aisle 6

from one side
Personnel with doors opening into the aisle 8

from two sides




https://drive.google.com/file/d/1-N9oMDKC7fV3nT|CAk-Kv8pmiKQUEy2F /view?usp=drivesdk

+
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Chapter 4

Personnel Requirements

N
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Introduction

AL

+  How much space to allocate for personnel can be
dictated by the corporation philosophy concerning

employees.

t Examples include:

1. “Employees spend one third of their life within our facility; we
must help them enjoy working here”

2. “A happy worker is a productive worker”

3. “Personnel considerations are of little importance in our facility.
We pay people to work, not to have a good time”.

4, Etc.

Chapter 4



The Employee-Facility Interface

N

L/

# The planning of personnel requirements includes
planning for employee:

= Parking
= Locker rooms
s Restrooms

= Food services

= Drinking fountains
= Health services

s Etc.

Chapter 4 3




Employee Parking

of cars reguired depends on

@ Procedure: #« eees= e |
= Determine number of cars S Semen, -

e Aulme COTIS |
+ 1 space for every 1.25 employees (publlc transportatlon is not [
available)

+ 1 space for every 3 employees (transportation available)

= Determine type and space requirement for each car

+ Compact cars, standard, luxury, or handicapped (see table 4.1)
and Fig. 4.2

» Equals: Stall width X Stall depth
= Determine the available space for parking

= Determine alternative parking layout
+ The parking angle, and the aisle width (single or double-loaded
module options
= Select the best layout that best utilizes space and
Maximizes CONVENIENCE _, ;. c 15 Regdot stsodt — |

3ol o Cslibpy] 1 P2 U (angle) Sl ColibpVle— =
Chapter 4 o R J 4



Table 4.1 Module Width for Each Car Group as a Function of Single and Double Loaded Module Options

§ ANGLE OF PARK

W wl| 4 [ s | 55| 6 | 6 | 0| 5 | & | 8 | o

Group I: small cars 80" | 1 [ 25" | 20'6" | 272" | 294" | 39 | 30" | 362 | 382" | 400" | 41
2 | 400" | 420" | '1" | 45'8" | 48'2 | 0'6" | 27" | 4" | 591" | 7Y

30|38y | 402 |49 | 42 | a0 | o6 | s | 3 | s | s

4| 368 |7 |9 |29 | &Y | @86 | s | 3¢ | 555 | s

Group II: standard cars 8h 1| 320" | | 3y | 72 | WS | 40 | 436" | 456 | 461" | 480
Lola Jaow [ sty [ssw [s0 [see [wr [ao [ee [ay [so

og" g5 o | |3 e g |6 (st |6 | v |G |60 | W6 | 60
in inch in ft 4 | 453" | 46'10' | 49'0" | 518" | 54'6" | 57'10" | 60'0" | 62'6" | 64'3" | 66'C"
90" | 1 | 30" | 39 | M0 | 34 | 3¢ | W8 | L0 | M4 | 67 | @80

— |2 e | sro |2 | e | st | 600 | 6ior | 634 | 64y | 66"

3 | 46'4" | 48'10" | 51'4" | 53'10" | 56'0" | S58'8" | 61'0" | 63'0" | 64'6" | 66'0"

§ | 48" | 46'6" | 490" | 516" | 54'0" | 570" | 59'8" | 62'0" | 64'2" | 660"

9'%6" | 1 | 32'0" | 32'8" | 340" | 350" | 36'10" | 38'10" | 41'6" | 43'8" | 46'0" | 480"
9¢ | 2 49'7" | 506" | 51'10" | 53'6" | 55'4" | 58'0" | 60'6" | 62'8" | 646" | 65'11"
3| 470 | 482 | 49000 | sre | s | sTor | sos | 620 | 643 | 65
§ | 4 | S0 | 6 | o0 | 26 | 59 | s89 | 6re | 630 | 65




\
T

5

4

A\ 3

T ///]/l§

5%

Single-loaded Double-loaded wall- Double-loaded wall- Double-loaded
wall-to-wall to-wall (with continuous to-C (with sawtooth ¢-to-G (or G-
(with bumpers) concrete curb) concrete curb) to-walk edge)
_ Sw
Sine 6

)(-

/477

Figure 4.2 Smgle- and double-loaded module options. (Source Ramsey and Sleeper [9].)

10" Pref.

"Min.




Employee Parking (contd.)

# Surveys of similar facilities in the area of the new facility
will provide valuable data with respect to the required

number of parking spaces.

" At least 2 handicapped spaces per 100 parking spaces.

I— Employees should not be required to

walk more than|30(

)-400

) fee

the entrance of the facility.

Chapter 4

from their parking place to




|
Employee Parking (contd.)

# The factors to be considered:

1. The percentage of compact cars if data not
available).

2. Increasing the area provided for parking decreases
the time required to park and de-park.

3. Angular configurations allow quicker turnover.
(Perpendicular parking)often yields greater space
utilization, although it also requires wider aisles.

l\\

4. As the@ngle of parking increases) so does the
gequired space allocated to aisles:.

Chapter

7
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Employee Parking (contd.)

)PLOU\

4 Example 4.1: 33 %

# 200 employees, 1 space for every 2 employees, 40 %
compact cars, 5% for handicap, and available parking
space 180X200ft

4 Assuming no walls, and no walking edge}wﬂ
# Use SW of 8' 6" for standard cars
# Determine the best parking layout

Chapter 4 9



Ra>
4 Example 4.1: ot T80 S tﬁﬁc& for Yandicapped = 12
4 200 employees, 1 space for every 2 employees, 40 %
compact cars, 5% for handicap, and available parking
space 180X200ft
4 Assuming no walls, and no walking edge._}wu,
@ Use SW of 8' 6" for standard cars

# Determine the best parking layout

(=]
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l F
) em
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\ = ®)
g5 +2c = \3rMM =246 200X
_ 26 +\ (677 29) - Py 200 the
(25410 = 26+ ) = (89727 200/ e,
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Employee Parking (contd.)

4 Solution:

# Starting layout
= Assume No walls and no walking edge (W4)
= SW for standard (8'-6")
= 100 spaces needed (200 employee/2)

= 40 compact ( we use 30, because not all of compact
car drivers will park in a compact space)

= Use 90° angle for stalls angle

= Using table 4.1 for 90° and W4 (module width 57°-2"
for compact and 66’ for standard)

Chapter 4 10




Employee Parking (contd.)

# Table 4.1 Module width for each car group

ANGLE OF PARK ()

45 50 90
25'9" | 26'6" 41' 9"

SW

Group I: Small cars 8' 0"

(57’ 2”)

32'0" | 32" 11" 48' 0"

Group ll: Standard cars | 8'6"

Alw|N|2|r|lw|N[2]S

(66’ 07

Chapter 4 11




Employee Parking (contd.)

4 Solution (contd.)

® We will use 2 modules for standard and one module for
compact cars

s 2%66+1*%57'-2" = 189'-2"<200’ (parking depth)

= # of spaces for compact = (180/8)*2 = 44 potential
compact cars

= For standard = (180/8.5)*2modules*2=84 potential
standard cars
= 44+84= 128>100...we have enough

Chapter 4 12




Employee Parking (contd.)

% Solution (contd.)
*

We need to calculate for handicap and turning aisles
= We have (3 modules *2 rows)=6 rows
= We can add handicap to row1l
+ 5 spaces*12'(depth) = 60’

+ # of spaces of standard cars in rowl = (180 60)/8 5
= 14 Spacés g

= Row 2,3,4 (we will have turning aisles of @57
o # of spaces for standard cars = 180- (15*2)/8 5 =-17
= Row 5,6 is for compact
+ # of space for row 5 = (180 -30)/8 = 18
» # of spaces for row 6 = 180/8 = 22
= Total = 5 handicapped + 40 Compact + 65 Standard
= 110 spaces >100...we have enough

Chapter 4 13
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Figure 4.3 Parking lot for Example 4.1.




Example 4.2 [ important

Using the same data given for Example 4.1, let us compute the number of standard car stalls
that can be placed along the module depth, assuming a stall depth of 16 feet (SD = 16") and
a parking angle of 60 degrees (0 = 60). Before we compute the above number, it is instruc-
tive to compare the module widths. With 90° parking under option W4, earlier we obtained a

155

145
4 PERSONNEL REQUIREMENTS

FNAN

—sf—pw —]

< Module depth

Figure 4.4 Module outline for Example 4.2.

module width of 66'-0" from Table 4.1 for standard cars. With 60° parking, however, from
Table 4.1, we obtain 51’-8" for the module width for standard cars. Hence, parking at an
angle reduced the module width by more than 14 feet, which is a positive outcome (since it
may allow us to place more modules in a given lot). However, as we next show, the number
of stalls per module decreases when the parking angle is reduced from 90° to 60°.

We first compute the parking width (PW). Recall that PW = SW/sine 0. That is, PW =
8.5/sine 60 = 9.8". In reference to Figure 4.4, we next compute! the value of ), which repre-
sents the distance lost due to parking at an angle.

By definition/p = SD cosine 0 = 16 cosine 60 = 8'. Since the lot width is equal to 180’,
we have

Module depth = y + (no. of stalls X PW) = 180,

which yields number of stalls = 17.55. That is, we can place 17 standard car stalls along the
module depth, assuming a parking angle of 60°. Using a 90° parking angle in Example 4.1,
we had obtained 180/8.5 = 21 cars. Hence, we reduced the module width by about 14" but
lost 4 X 2 = 8 cars per module in the process. Also, parking at angles other than 90° almost
always requires the aisles to be one-way. The parking angle that will maximize the number
of cars parked, in general, depends on the dimensions of the lot and how the individual
modules are arranged within the lot. With increasing demand for parking spaces in virtually
every major city and airport around the world—not to mention university campuses—
parking lot design and management continues to be a topic of interest.
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Storage of employees personal belongings

N

L/
# Storage of Employees Personal properties
= Coats, clothes, purses, and lunches

= Lunches and personal belongings can be stored at the employees
workspace (coat rack)

= Locker should be provided (preferable near the entrance)

= Separate lockers for male and female with 6 ft2 allocated for
each person using the locker room

= If showers are provided, should be separate from toilets facilities

= Locker rooms are often located along an outside wall beside
entrance. To provide ventilation, convenience and not interfere
with flow of work in the facility.

Chapter 4 15




NS  Nursing station
J Janitor closet

Ramp |
]
e_
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Figure 4.5 Plant entrance and changing room layout.
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https://youtu.be/qymGDp30g7Y ?si=WhnTV5gQZmY_1jaX 5 m
Restrooms or

‘@ Main point to be made, a restroom should be located within 200 ft
of every permanent workstation. ETP

@ Smaller decentralized restrooms are more convenient than large
centralized ones.

# Determine number of toilets, sinks, urinals, etc., to place in each
restroom.

= See table 4.2 for # of employees and plumbing fixtures
requirements.

@ Should not be able to see into the restroom from outside even when
the door is open.

# Figure 4.6 shows an example of clearance requirements for
bathrooms.

Chapter 4 17



. . Plumbing Fixture Requirements for Number of Employees

félngss_, Mercantile, Industrial Other than Foundry and Storage

Gater Closets Employees Lavatories Employees
1-15 1 1-20
16-35 2 21-40
36-55 3 41-60
56-80 4 61-80 s ¢33
81-110 5 81-100 7 Range
111-150 6 101-125 /
151-190 7 126-150
. 8 151=175  pnve for the foble
Qne additional water closet for each One additional lavatory for (|75 —205)
40 in excess of 190 each 30 in excess of 175 (0 (205~ 135)
Industrial Foundries, and Storag
Employees Employees
1-10 1-8
11-25 2 9-16
26-50 3 17-30
51-80 4 31-45
Mot 81-125 5 46—-65
- _‘Qne additional water closet for One additional lavatory for each
- each 45 in excess of 125 25 in excess of 65
' Assembly,;c Other than Religious, and Schools |
Occupants Urinal Male Occupants Lavatories Occupants
1-100 1 1-100 1 1-100
101-200 2 101-200 2 101-200
201-400 3 201-400 3 201-400
401-700 4 401-700 4 401-700
701-1100 5 701-1100 5 701-1100

tional water closet
ach 600 in excess

One additional urinal for
each 300 in excess
of 1100

One additional lavatory
for each 1500 in excess
of 1100. Such lavatories
need not be supplied
with hot water.
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Figure 4.6 Restroom layout with typical fixture clearances. Based on New York State
Labor Code. (Taken from [1] with permission of The McGraw-Hill Companies.)



in Table 4.2 [8]. In restrooms for males, a urinal may be substituted for a toilet, pro-
vided that the number of toilets is not reduced to less than two-thirds the minimum

recommended, noted in Table 4.2. For space planning purposes, 12.5 ft* (2.5" X 5')
or(3' X 5") should be allowed for each toilet, andrinal. Toilets
__A

per three toilets be provided. When multiple users may use a sink at a time, 24 lin-
ear inches of sink or_20 inches of circular basin may be equated to one sink. For
planning purposes, should be allowed_for each sink.

Entrance doorways into testrooms should be designed such that the interior of
the restroom_is not visible from the outside when the door is open. A space al-
lowance ould be used for the entrance.

In some women'’s restrooms, especially in offices and administration build-
ings, a coach or bed/cot is provided. If bed(s) are to be provided, the following
guidelines are used: (1) the area should be segregated from the restroom by a par-
tition or curtain; (2) if between 100 and 250 women are employed, two beds should
be provided, and one additional bed should be provided for each additional 250
female employees; and (3) a space allowance o@ld be used for each bed.
In any case, both the men’s and the women’s restrooms must conform to local
codes that apply to the type of facility for which the restrooms are being planned.

a bed, and_two chairs. A minimum of 100 ft* is required. If a nurse is to -
ployed, the\fi id hould have two beds and should be expanded tc.250 ft’.
In addition, ¢ should be included. For each additional nurse to

wa
i

iting roo
E——

be employed, 250 ft* should be added to the space requirements for the first aid
room, and 25 ft* should be added to the space requirements for the waiting room.




SECTION 4.3
4.7 A facility is to house 50 female and 50 male employees. Using a 40% allowance for

aisles and clearances, how much space should be planned for the restrooms?

Men (50) Women (59)
— Water Closet =15% X 3 =y5ff — Water Closet = 15 x> =Y4sH*
~Lavafories = 6ff° x 2=[3ff" - Lavatories = 6ft x > = B H*
—Entrance, = I151F° x | =|5ft* -Entrance = 15T+ x | =154
- Urinal = 6‘”’7' X | =gft* -bed or cot =60Ft* x| =gof4t
ol
_\é_hpr‘gl;,\“
Subtotal|=5Y f4* Subtotal = |33 f12
Allowance = 0-Y x @Y £4>=33.44t" Alowance = 0.4 x |33 f*=55.2
Total Area =81 +3%.6 =117.6f1* Tota| Area = 3% +55.0 = 93.2f}>

g 955
Olaio VL

From (4able 11.7:)J

50 empolyees —— 3 water closef
L —> 3 Lavatories




Food Service

/'\

@ Firms view food service as convenience/or

 Vening machinesand cafetera o

« (Sefving line and Cafeteria(200 employee or more)

moo ft/line (each line can
serve 70 person

= (full kitchen and cafeteria (over 400 employees).

# See table 4.4 for cafeteria space requirements and table
4.5 for full kitchen space requirements

Chapter 4 20
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Table 4.4 Space Requirements for Cafeterias

Classification Square Footage Allowance per Person
Commercial 16-18
Industrial 12-15
Banquet 10-11
Jo= g J

7 Lower N

Table 4.5 Space Required for Full Kitchens

Number of Meals Served Area Requirements (ft*)
100-200 500-1000 "
200-400 __800-1600 TSl LW
400-800 1400-2800 e
800-1300 2400-3900 e 2 Y
1300-2000 3250-5000
2000-3000 4000-6000 " ‘

3000-5000 5500-9250

Source: Kotschevar and Terrall [5).



Food Service (contd.)

N

#®  Generally try to discourage dining away:
R
1. Meal breaks must be longer

2. Lose employee supervision:
¢ Return to work late
¢ Return intoxicated
¢ Don't return

3. Loss of worker interaction

4. Less worker concentration on the tasks to be
performed.

Chapter 4
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Food Service (contd.) O]

‘@ General food service location guidelines:

1, Located within 1000 feet of permanent employee workstations.
If this is not the case, consider decentralized food services.

2. Central location (though may not want this because then you
cannot have windows)

3, Consider that you need easy access for delivery of food and
trash pick-up.

4 Need good venfﬁgtion- don’t want smell food in the facility
since that is disruptive.

® Water fountains within 200 feet of workstations.

Chapter 4 23



Food Service (contd.): IOl
Example 4.3

@ Industrial facility, 600 employees eat on 3 equal 30
minuets shifts

s Vending and cafeteria option

. *200 (cafeteria) +200 *1 ft2(vending)=2600 ft2

= Service line and cafeteria
+ Service line could service 70 people/shift so we need 3/shift
+ 3*300 ft2 = 900 ft?
+ Total= 2400 (cafeteria) +900 = 3300 ft2

s For full kitchen and cafeteria

+ Total space = Kitchen space +service line space +cafeteria
space

+ Total pace = 2100(from table) +3300 = 5400 ft2

Chapter 4 24



h_ttps://youtu.be/XGoWChHha7|?si:Na-L_Oso_TYGBrj@ﬁ
~

S

Health Services

# Health facility requirements depends on the type of
facility and local cost

@ At the very least, a small first aid room should be
available (first aid kit, bed, 2 chairs)

4 Minimum space 100 square feet

# If a nurse added 250 ft? needed for the room and 75ft2
waiting area and 2 beds

# See figure 4.9 for the layout

# If a part time physician added, 150 ft2 exam room
needed

# Health service should be close to hazards tasks in quite
area

Chapter 4 25
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Figure 4.9 Nursing station layout.




4.12 If two nurses and a part-time physician are to be employed in a health services area,
how much space should be allowed in the facilities plan?

—_ Waiﬂ ﬂ% Room —> Z nurses 5 75 ﬁl?of Yhe *thorse + 25 F’r”per addtional = |00F‘\'ﬂ

ra>

— First Aid Room — 2 nufses « 2504” cer nurse —><500 ’rﬂt%
aa>

- Examination Room —>1 phusician 150 ft* per phusician —> < (50 H,')_B

pa>

Total Area = 100 +500 + |50

750 ff2



Blsall e AT LY

Barrier-Free Compliance

N
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¢ ¢ d ¢ ¢ ¢ | ¢ n
: : : : : : H : : : : : : 4 : : : : : : i

:

- All barriers that would impede the use of the facility
by the disabled person must be removed, thereby
making the facility barrier free.

* Examples:
Doorways must accommodate wheelchairs.
Ramps or elevators as an alternative to stairs.
. See figure 4.10 vs. 4-11
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Typical clearance
2'-3" to 2'-5"

(a)

Easy reach
1'-10"

High reach
2'-10" 4'-10"

|« Average turning diameter — ]

5'-3"

(5) (c)
Figure 4.10 Wheelchair dimensions and turning radius.



Typical clearance
1'-8" to 2'-O"

(a) b)

r-—Easy reach 2'-1" —»
1
L= _—___
F S
High reach
4!_8-
Note: reach to
front of shelif
Typical
3'-2"

()
Figure 4.11 Able-bodied anthropomorphic clearance and reach requirements in standing
and sitting positions.



Office Facility planning

N

Chapter 4
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Approaches to office planning

AL

communications and

|

'( ’( |1 [ .

#{Open office design; no floor to ceiling walls exist

(temporary. or permanent)

= Advantages: good communication, better access for
common files, lower maintenance cost, and improved

supervision.

= Disadvantage: mainly lack of privacy

= Figure 4-12 shows different layouts

@ We use(close office layout if privacy and tasks needed

concentration

# Most offices are a combination between Open and closed.

# Space requirements: see your book page 161

Chapter 4
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Material Handling
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%5 The </; yout a’es/én)a nd¢material
Chandling system design) are
inseparable.

# Material handling accounts for
= 25% of all employees

= 55% of all factory space

= 87% of production time

s 15 to 70% of the total cost of a
manufactured product

# |Cost reduction|can be achieved
not by eliminating material

handling but By'more efficient
‘material flow




Material Handling Defined

/Y
-

Definitions:

L. Material handling s the art and science of moving,

‘storing, protecting, and controlling material.

The Right Definition:

n ‘right condition, at the right place, at the right time, in
‘the right position, in the right sequence, and for the
right cost, by using the right method(s). % ’

]DR\



KRR

Material Handling Defined a8
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I, justin time vs. just in case inventory management.
. Small load size is preferred
ii. Match@o'duction lot size)with transfer batch

> Right material

. Automatic identification system is key to accurate
---iﬁ-aentif -icatiq)n“é
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Material Handling Defined

/Y
"

d.  Right sequence

remaining)

-------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------------------------------------

Simplify wor k (eliminate unnecessary operations, and




Material Handling Defined

N

» Right time

20

.. Not early neither tardy — ~= o=

¢ ¢ ¢
¢ ¢ ¢

.........................................................................

time reductions not lower delivery time

KRR

v

-

Use low variance transportation (forklift vs. AGV’s) — ¢

0K
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|

equipments.

. (QWGEKTBFIRGIPIe: material flow (volume, weight..) *distance

single entity such as pallet or container

6. —utilize the 3-D space (cubic

Space) Ues )9?3,,)\ Space ) L)X;MP



Principles...continue

\

/.

8.
.

L/

10

| ‘r‘/ /._(

(SIEERMIBARGHIE) collection of interacting entities that

form a unified whole.

(Environmental'principle: Not to waste natural resources,

and reduce negative effects on the environment.

See table 5.1 for checklist ( to facilitate the identification of

opportunities to improve existing material handling
systems, or to serve in designing new systems)



Material Handling System Design

/‘\

‘Factors to be considered in analyzing material handllng
problems include:

# Types of materials

# Their physical characteristics

# Quantities to be moved

# Sources and destinations for each move
# Frequencies or rates at which moves must be made
# Equipment alternatives

# Units to be handled

10
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Designing Material Handling Systems

, and controlling material. -

12



Material Handling System
1 2+2=4 L
Equation ax2u7s1 G
NP 5x3=15 |
10-1=9 d St
3-2u85-4

> It gives us a framework for
identifying solutions to material
handling problems.

# The what defines the type of materials moved, the where
and when identify the place and time requirements, the
how and who point to the material handling methods.
Leads us to:

Materials (what )+ Moves (where, when) +
Methods (how, who) = Recommended System
(which)

13



Material Handling System Equation

N,
Why?

[ [ [ l [ [ |
What? Where? When? How? Who? Which?
Materials | + Moves + Methods = HEISiEe

system
N %
V

Material Handling System Alternatives

14



Material Handling System Equation

DN
"

# [The What Question:

1. What are the types of material to be moved?
2. What are their characteristics?
3. What are the amounts moved and stored?

® |The Where Question:

1. Where is the material coming from? Where should it come
from?

2. Where is the material delivered? Where should it be delivered?
3. Where is the material stored? Where should it be stored?

s.  Where can material handling be tasks be eliminated,
combined, and simplified?

5. Where you can apply mechanization, or automation?
See other Questions in the Text Book.

X For each question we ask Why it is necessary or not.
15




Material Handling Planning Chart

@ A material handling planning chart can be used to gather
information pertaining to a specific material handling
problem and to provide a preliminary examination of the
alternative solution.

# The result from analyses using this chart can then be
used to further refine solution strategies using methods
such as the simulation of alternative solutions. P.185

Step# O ' T:S' |/ Description Depart.  Size Wt. Freq. Dis. Method of MH

16




N

A single item, a number of items or bulk materi
‘arranged so that the load can be stored, a

....................................

.........................................

‘and moved between two locations as a sin

.................................................................................

# This definition suggests that the nature of the unit load
could change each time an item, or a number of items,
or bulk material is moved.




Unit Loads (contd.)

N

® Examples of unit load:

= A single item picked and moved manually between
two locations.

= One pallet load of nonuniform-size cartons with

different products picked and moved by a lift truck
from packaging area to the shipping dock.

= One full load of products delivered by a truck-trailer
from warehouse to customer store.

a If the trailer is half full, it is still one unit load. It is the
move that defines the unit load.




Unit Loads (contd.)

“® The unit load size specification has a major impact on
the specification and operation of the material handling
system.

@ Large unit Ioadﬂm‘s mofe. mafefal handling

= Required bigger and heavier equipments, wider aisles.
» Increase work-in-process (WIP) inventory.
= Major advantage is fewer moves

4 Small unit load:
= Required simple MH methods (such as push carts).
= Reduce work-in-process
= Support JIT production
= But increase the transportation requirements.

# The Optimal Unit Load is the quantity where system idle
time, WIP and transportation cost are minimized 19




Unit Loads (contd.)

N

L/ ' :

% Two important elements in determining the size
of the unit load are:
“Cube” limit.
= Weight limit.

s Example: a cartoon with outside dimension 16"X12"X6"
and a gross weight limit of 65 Ibs)

@ The integrity of the unit load can be maintained
in a variety of ways:
= Boxes, cartons, pallets (wooden)
= Strapping, shrink wrapping, and stretch wrapping.

20




Unit Loads (contd.)

DN
"

Pallet

Stretch wrapping Shrink wrapping 21




Unit Loads (contd.)

N

L/

® The methods by which the unit load can be moved:

A.

B.

C.

D.

Lifting under the mass

Inserting the lifting element into the body of the unit load.
Squeezing the load between two lifting surfaces.
Suspending the load.

22




Unit Loads (contd.)

“® The dimensional relationships between the various forms the unit
load takes.

#® The cartoons are stacked on pallets, and the full pallet loads are
loaded to a trailer or staked in a warehouse

N

Carton Wood Pallet
12" X 8" X10” 32" X 48" X5.5"
Pallet Load 32" X 48" X 45.5" Aobuad) Qi o
327 X 50" 16 cartons per layer, 4 layers per pallet
(48"+2" v I v " "
Clearance)\\mcck Stack Storage Trailer %32 X 48
D ( y

.

23




Unit Loads (contd.)

Efficiency of containers

8yo o ST olimim) (o2

N

# |Returnable containers

material handling costs

should have good stacking and
nesting features can provide significant reduction in

® Stackability means that a full container can be stacked
on top of another full container in the same orientation.

@® MNestability means that the shape of the containers

permits an empty container to be inserted into another

empty container.

Stackable

Nestable

Collapsible

24




Y https://youtu.be/xAytk6Myvgl?si=3yAMrl1 FItUGpcmh — (bysd! e W)

Example:
Given the following dimensions of a particular
type of plastic reusable containers:

M Inside dimensions 18”x 11"x11” A
B Outside dimensions 20”x12"x12” —

. gl s\as) w1
B Each nested contalne e L
B A trailer inside dimension 240"x120"x120”
4= < [l Containers are not palletized. Assume no clearance
¥= 22 ¥ is needed between containers, and between
containers and the walls of the trailer

Determine the following:

1. Container space utilization.

2. Container nesting ratio.

3. Trailer space utilization (if all containers stacked vertically in only one orientation).
4. Trailer return ratio.

D = BxW\xll = 75425 A5 767
20 X\2x\2

@ _ =

2
LY Lo S « (\f\e'\g\r\\' S\ has {ui_gb
\/O JS/ L):9T > S0 ( 4 ) nested container vse the

Same space S one closed confainef
N
el uls

@—\_FO\\\Q( SPace, Otilization =

w = |2 condainers nlor\3 the Le“%‘”\
20 -

Length —
o the and _ idth — ";LZO’ = 10 confairer

‘ h container are i '
GQ' need to det@.(minG hotw MUEh € = ht 5120 = 12 confwiners alongy the heigfnt
height =57 = =

s along the widlth

3{( 20 To)ra\ numbe € of confaine(s = \2x\0x0 =\2008,|| containers

and now e

1200 x (1% x Xy _[74 %
240 X 120 x 120

—_—




@ Trailec  Retail Ratio = ¥of em ghy contoiners fit in the tmiler
(# of M contuiners fit in the \'m'lc.r‘)—)

¥ g o°
| 200
ll i
warehovse = Fo_frailel s Retrale(
Returns with emp\—n containers
\-l‘nem_
hee e sk
‘ reolef hegt
2?; so numRl of .co'\*‘*‘“‘“s = | +(lzo - \?3 = \+ 103 4@"‘“‘%
st cked \It("c\c—““ﬁ = ——_-/-" 7 contoiners
7 45N> 2 vefticall Y
\_,l {'ke,/?\es’(QA
he_'\%\\‘\'
2 x10 = 660° emPhy
conranel

n_\a'me_(‘s = 55 K

fe50 tofal ¥ oF emply <
# oF empry containers fits in  the trailer”

¥ Thailer Redvrn Ratio =
7\§! o{—‘ ?ul\ contain (s fits In the trajler

— 4600
|200

=]

> we. wWant this numbel fo be
as high as possible.




Unit Loads (contd.)

) Efficiency of containers
N

# Efficiency of Returnable Containers:
Example:

# Given the following dimensions of a particular
type of plastic reusable containers:

= Inside dimensions 18"x 11"x11"

= QOutside dimensions 20”x12"x12"

= Each nested container 20”x12"x2"

= A trailer inside dimension 240"x120"x120"

= Containers are not palletized. Assume no clearance
is needed between containers, and between
containers and the walls of the trailer.

25



Unit Loads (contd.)

Efficiency of containers

N

JExampIe (contd.):

4 Determine the following:
1.
2.
3.

Container space utilization.
Container nesting ratio.

Trailer space utilization (if all containers stacked
vertically in only one orientation).

Trailer return ratio.

26




Unit Loads (contd.)

Efficiency of containers

N

JExampIe (contd.)

# Container space utilization:

= Divide the usable cube by the exterior envelope of the container.
The container efficiency is:

= (18"x11"x11")/(20"x12"x12")=0.76 or 76%

# The container nesting ratio:
= Divide the overall container height by the nested height:

m 12"/2"=6 (the ratio is 6:1). Six nested containers use the same
space as one closed container.

27




Unit Loads (contd.)

Efficiency of containers

% The trailer space utilization:
s Number of loaded containers that the trailer can take:

240"/20"=12 container along the length, 120”/12"=10 containers
along the width, and 120”/12"=10 containers stacked vertically. The

total number is 12x10x10=1200.

= The trailer space utilization is:
(18"x11"x11")(1200)/(240"x120"x120")= 0.76 or 76%o

@ The trailer return ratio:
= One stack of loaded containers has 120”/12"=10 containers
= One stack of empty containers has: 1+(120"-12")/2"=55
= The total number of empty containers per trailer is:

55x12x10=6600 containers
= The trailer return ratio: 6600/1200 = 5.5
| C— Full

Wareh Retail
are ouse!<_ etai

28



Unit Loads (contd.)

i Efficiency of containers

& In selecting containers, size progression is one of the
important consideration (e.g. arsmaller container)is half
the size of the larger container: 1, 0.5, 0.25, 0.125,and
SO on).

@ These types of containers-allows the efficient utilization

of the load deck of an automated guided vehicle , also
@ simplify the pallet loading of mixed-sized containers.

1/8 size container

| Va4 size container

| 1/ size container

29




Unit Loads (contd.)

N

“Pallets and Pallet Sizes:
4 Another common method of containing the unit load.
4 Common pallet sizes: 32 inx40in, 36 in X 48 in

40inx48in, 42inx42in, 48inx40in, 48 in X438 in

* The first dimension corresponds to the length of the stringer board ,
and the second dimension to the length of deck-board of the pallet.

@ Two-way pallet: the fork entry can be only on two
opposite sides of the pallet and is parallel to the stringer

SIde.

# Four-way pallet: the fork entry can be on any side.




Unit Loads (contd.)

N

"@ Pallets and Pallet Sizes:

# Table 5.2 shows a comparison of various types of pallets
(wood, plastic ,metal, etc.).

# The relationship between the container and the pallet,

referred to as the|pallet loading problem.
= The objective is to'maximize the use of space.
= Another objectives are load stability and low cost.

31
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32

pallet sizes. (@) Block pattern. () Row pattern.

(c)Pinwheel pattern. (7) Honeycomb pattern. (e) Split-row pattern. (/) Split-pinwheel patern

5.9 Stacking patterns for different

gure

7 with permission.)

es. (b) Brick pattern. (Prom [

(@) Split-pinwhee| pattern for narow box



Unit Loads (contd.)

Unit Load Interaction with Warehouse Components:

# The purpose is to illustrate the relationship between the
unit load size and configuration and certain other system
factors.

4% Warehouse components include:

= the packaging, palletizing, storing, and shipping operations.
# Critical factors in this interaction are;

» the specifications of the carton used, and the pallet size.

@ These factors affect the selection of:

= the material handling equipment, the physical configuration of the
storage facility, and the utilization of both the warehouse and
highway trailer.

33




Unit Loads

Unit Load Interaction with Warehouse Components:

N

L/

Example:

The operations included in this example are :

1. Finished goods are packaged using closed-top cartoons.

2. The cartons are transported to a palletizer.

3. The pallet loads are formed using a mechanized
palletizer.

4. The full pallet loads are then stored in the finished
goods warehouse using a powered lift truck.

5. Upon receipt of customer orders, full pallet loads are
retrieved from the warehouse by a powered lift truck.

6. The pallets are then loaded on highway trailer trucks.

34
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Unit Loads
Unit Load Interaction with Warehouse Components:

xample (contd.):

The specifications of the'carton size is the most critical
element in the design of the unit load system.

# The carton size dictates:

= the number of parts contained in each carton, and total number
of cartons that may be packaged and transported to the
palletizer.

# The carton flow rate to the palletizer depends on:

= the parts flow rate to packaging stations, and the time required
to package each carton.

# The rate at which full pallet loads are formed is a
function of:_ | | AT o g
= the capacity of the palletizer, the carton size, and pallet size. 1

36



Unit Loads
Unit Load Interaction with Warehouse Components:

Eiample (contd.):

# A powered lift truck is used to pick up loads from the
palletizer to warehouse, and from warehouse to delivery
location. Hence, the type of material handling equipment wi

dictate the floor space requirements for the warehouse.

s For instance, the use of a narrow-aisle truck can reduce the floor
Space requirements.

# The next step is loading of the pallet loads into highway
trailer-truck for delivery to customers.

4 The number of pallet loads delivered per truckload is
constrained by:

= the inside dimensions of the trailer, and the dimensions and
capability of the dock lift truck to maneuver the load inside the trailer.

37



Unit Loads
Unit Load Interaction with Warehouse Components:

N

JExampIe (contd.)

# Further tradeoffs must be considered between
warehouse storage space utilization and the trailer-truck
utilization. (Number of the trips).

# The above example highlighted the many interactions
possible between unit load and warehouse components.

@ See the numerical example that given in the text book
page 197 to illustrate some of the interactions.

38




Unit Loads (contd.)

"Container and Pallet Pooling:

# Instead of buying, rent containers and pallets for a fee
per day per container or pallet.

4 Advantages:
= Minimize the movement of empty pallets.
= Utilization is increased.
= No need for allocating extra space to store them.
= Reduce maintenance.

= Much better quality, less product damage, and efficient
interfacing with material handling equipment.

N

Should the material handling system be designed around the unit load or
should The unit load system be designed to fit the material handling system?

39



Material Handling Equipment

N

L/

MH equipments are classified into the following categories:
1. Containers and Unitizing Equipment

2. Material Transport Equipment

3. Storage and Retrieval Equipment

4. Automatic Data Collection and Communication

Equipment @
|||nm|nuu|||||u|nmnm||||
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/ Chapter 6
L
>

Layout Planning Models
and Design Algorithms



Basic layout types

e (Layout: will serve to establish the physical relationship
between activities.

e Types of layout designs:
* Block layout
e Shows relative locations and sizes of the departments
* Detailed layout
e Show the exact locations of all the equipment,
workstations, storage within the departments

The final layout plan is the end result of Facilities
Design.
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Types of Layout

machine J) a\:_-.s ]

Product layout — g predet
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\/ Product Layout

Product:
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Product Layout

\ The product flows through an assembly line while the personnel and
equipment movements are limited

= Advantages
> Smooth, simple, logical and direct flow
> High Production Rate
o Low cost per unit cost
> High machine/worfkforce utilization
° Lower material handling costs
o Less personnel skill is required
o Lower Work-In-Process Inventory (WIP)

= Disadvantages
o High machine utilization is risky
> Process performance depends on the bottleneck operation
> May not be flexible enough for product design, volume changes
o Decreased employee motivation
° Huge investmentis required



\/ Fixed Product Layout

e Product:

i S— <~ Mobile — « Physically large
[ equipment
(W TR Awkward to
g move
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Layout:
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! i g required to produce
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£ AN 0 the product with the
i | ietd | Paint Assembly E dred required for
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Fixed Product Layout

\ Production is executed at a fixed location; materials, equipment,
and personnel flow into this location.

= Advantages

°  Material movement is reduced

(2> An individual can complete the whole process

o Job enrichment opportunities siksl! <Y =)

> Highly flexible; can accommodate any changes in design
= Disadvantages

> Personal and equipment movement is increased

o Risk of duplication of equipment olusll dalssl jba

o Requires greater worker skills

> Not suitable for high production volumes

> Close control and coordination in scheduling



Process Layout

/Y Workstations (machines)
Product:

flellell (=000

o J P
O3 €O 4\\

( Workers

- Great variety

Layout:

Combines
identical
workstations into
departments
*Combines similar
departments
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Process Layout

\ Similar/Same processes are grouped together.

= Advantages
> Increased machine utilization
> Flexible in allocating personnel and equipment
o Robust against machine breakdowns
> Robust against design, volume changes
o Specialized supervision is possible

= Disadvantages
o Material handling requirements are increased
° Increased WIP
> Longer production lines
o Difficult to schedule the jobs
o Higher skills are required
o Difficult to analyze the process performance
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/ Product Family - Group Layout

Product:

- Capable of
being grouped
into families of
similar parts

Layout:

*Combine all
workstations
required to
produce the
family of products



L

Product Family - Group Layout

Product Family Layouts are like a combination of
Product Layouts and Process Layouts

xoAdvantages
o Combines benefits of product and process layouts
o Higher machine utilization
o Smoother flow lines and shorter distance
o Team atmosphere

o Disadvantages
o General supervision required

o Greater labor skills requirement
o Balancing manufacturing cells are difficult and unbalanced
cells may increase WIP



-

Layout Procedures

Two different categories:

1. Construction type: involves developing a new

o) 0ol ‘/Iayout "from scratch®. General questions:

a) How to construct the layout? In what sequence will we
consider the departments, i.e. which department do we
place in first, which second, etc.?

b) How do we place the departments into the layout? Where
do we put them?

c) How do we “score” the layout?

2. Improvement type: generate layout alternatives

based on an existing layout. General questions:
a) How torearrange the departments? How to measure
improvement? How do we “score” the layout?




/ Layout Techniques

\ 1.  Manual: Examples:

1. Apple’s method (read the description in the text book)

2. Reed’s method (read the description in the text book)
pr 2 %*’-[3. v~ Systematic Layout Planning (SLP)

4., Graph based method

2. Computerized: Examples:

1. .« CRAFT

2. BLOCPLAN
3. MIP

4. LOGIC

5.  MULTIPLE
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~ @Bill of materials

\/ 1. Input data and activities

w0peration process chart

BILL OF MATERIALS — OFERATION PROCESi.i::: e
Company T. W., Inc. Prepared by J. A.
Product Air Flow Regulator Date Product __Air Flow Regulater Date
Flunger Flunger Flunger
Part Drwg. Quant./ Make or ::‘:" ;“;:"‘5 ';;‘5"29" :"2"3:‘ :;’:’5 :
Level No. Part Name No. Unit Buy Comm imsj?,,*?&%{i EONZJ?.'EE im.:.;)g:":%i' %’l}!,',;h',,w length
0 0021 Air flow regulator 0999 1 Make gl e inzpact inzpect @ Wcine @ o % X
1 1050 Pipe plug 4006 1 Buy fhret]
1 6023 Main assembly p— 1 Make ot M""
2 4250 Lock nut 4007 1 Buy sl St
2 6022 Body assembly — 1 Make e ::r:m;
3 2200 Body 1003 1 Make e
3 6021 Plunger assembly - 1 Make Dvill, top
4 3250 Seat ring 1003 1 Make E%%u&l
4 3251 O-ring L= 1 Buy o - s
1 3252 Plunger 1007 1 Make =
4 3253 Spring — 1 Buy ‘;",': =
4 3254 Plunger housing 1009 1 Make
4 3255 O-ring — 1 Buy
4 4150 Plunger retainer 1011 1 Make

Figure 2.8  Bill of materials for an air flow regulator.

Riowne 2 12

Oynaritinn csmvmmace Ahaer Fae thae air flawr reot latae



/ 2. Flow of materials

|

\Flow process chart
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ACTIVITY RELATIONSHIP CHART Plant___TRESISA Project___ A5
Charted by YT viith
Date 114 Shest_1_ of ! . .
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Fecelvng >\". C I V I y

7 ,’i_ [ ]
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Figure 6.4  Activity relationship chart.



4. Relationship diagram

&)Thé relationship

diagram posmons

activities spatlally
oyl uSas

> Proximities reflect
the relationship
between pairs of
activities

> Usually two

dimensional
2-D

Figure 6.5 Relationship diagram.



\/ 5. Space requirements
o xoRequired departmental area

Depart. Function Area (ft2)
D1 Receiving 12,000
D2 Milling 8,000
D3 Press 6,000
D4 Screw machine 12,000
D5 Assembly 8,000
D6 Plating 12,000
D7 Shipping 12,000
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Figure 6.6 Space relationship diagram.

\/ 7. Space relationship diagram

xSpace relationship
diagram combines
space requirements
with relationship
diagram



\/ 10. Layout alternatives

>

s
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7
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—

o Conversion of a space relationship diagram
into several feasible alternative block layouts

> not a mechanical process

> importance of intuition, judgment and
experience
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6.7  Four departments are to be located in a building of 600" X 1000". The expected per-
sonnel traffic flows and area requirements for the departments are shown in the tables
below. Develop a block layout using SLP.

Dept. A B C D
0 250 25 240
B 125 0 400 335
C 100 0 0 225
D 125 285 175 0
Department Department Dimension
A 200" X 200’ https://www.youtube.com/watch?v=1Nd8rVjQ7Dg 9
B 400" X 400’ Z):u
C 600" X 600’
D 200" X 200’
Lo *step ( RelationshiP Diagram
o Yo chark (o P Rela
*‘5\1? @ DQVQ\OP it ( Direction 3 200
(20 1 Pfoximﬁ 3 A) (200
A B C D 400 " line boolches 0 \ine )\J9_b
A | O |375]125 | 3¢5 300]6 2c:>|<:) 1: Scofe )| 45 si
375 9)
B Q [100]€20 355]1 2 | EfuD Yoo
C 0 | Y400 25 10
E E
P 0 €00

—>The purple colof

tsiep @ Dewelop  Activity Relationship qmatrix) - o s
% Step @ space  Relationship Diagram

A B C_ D 200
IA[; — _I CE) i 20| A I
C — | £ 200| D | % \oc,Y\
D - 200 Yoo l’“&ou

(o

Asmdl o
B =400 x 4 00 600

= 200 x 200 | .
g: 200 X 200 —_ Dimension 'Fof the Fo&\\\'\"&

— stzunre_



6.8 XYZ Inc. has a facility with six departments (A, B, C, D, E, and F). A summary of the
processing sequence for 10 products and the weekly production forecasts for the prod-

ucts are given in the tables below.
a. Develop the from-to chart based on the expected weekly production.
b. Develop a block layout using SLP.

https://youtu.be/TWOM{Q434ng
zy )

Ranaes Qﬁ{"‘;‘)
Vg o - 1A%
0 2,000-3329
T8 Y,000-6.934

% 7000-4229
A% (0oee T

[Closeness R&h“‘s_&
Orderd Table (42 =D;;&m>

Product Processing Sequence Weekly Production
1 ABCDEF 960
2 ABGBEDCF 1200
3 ABCDEF 720
4 ABCEBCF 2400
5 ACEF 1800
6 ABCDEF 480
7 ABDECBF 2400
8 ABDECBF 3000
9 ABCDF 960
10 ABDEF 1200
Dept. Dimension
A 40" X 40’
B 45' X 45'
. c 30" X 30’
Jirections ase rot ‘NA D 50" X 50’
F 50" X 50’
(0
‘S+QP ®¥(°m —‘-O Ch (“\' /~ > 960+ 1190 +720+2400 +430+... ..
AlB]c|D|E|F —
3 N
A|O [EXis]|o o |o
-8+8-a)] (a-c+cER)]
B O |15720] 6600|3600 500
C O |4,320 94 6003400
D O |9%| 90
E Q 5160

BC |'5/720
AB 13,320 A
DE q/ 960 E
CE 9, 600
BD 6/ 6§00
BF 5 Ho0 T
EF 5,160
BE 3, 600
cF 3,600 O
AC 1,300
DF 960
0]
AD . v
AE
AF 0




Develop Ackivity Relationship  Maffix

c|D
— AU |V
AT
— | T

E
y
O
E
E

F
v
1
0
U
1

Dept. Dimension

A 40" X 40'
45" X 45'
30" X 30
50" X 50°
60" X 60’
50" X 50’

T mlo| o le| >

m|m| OO =

Develop Ackuiy  Relationship Diagfa

Rlock L&‘300+

45

o Yo
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30
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50




https://youtu.be/NvibuxBf1Zc D
wetred @z

Pairwise Exchange Method

From

A
L

https://www.youtube.com/watch?v=IL0OsL Ax7¢

1gQ

# Improvement-type layout algorithm.

later. K/

Methad @ 2y

@ Although it can be used with both an adjacency-based

and @istance-basea objecpve) it is often used with the

® Example:
To To
1 2 3 4 1 2 4
1 - 10-1-186-1-20 1 - 1 3
2 - 110 | 5 2 - 2
3 - 5 3 1
4 - 4 -

Material Flow Matrix Distance matrix based on existing layout




Pairwise Exchange Method

e
\

4 Example (contd.):
# Phase I. Construct Phase. Initial Solution (1,2,3,4)

# Phase II: Improvement — Pair Wise Exchange
+ (a) Exchange two departments

+ (b) If results in better solution, accept; go to (a)
+ otherwise stop




Pairwise Exchange Method

\

4 Example (contd.):

Flow without taking the direction
( into consideration

(a) lteration 0 [1]237]4] To Department
() heration1 [3[2]1[4 14215 14
eration
(exchanoe | andl 3) From 1{—]10 15 20
(c) Weration2 | 2[31]4 Department ——4——4-10 2
3 —

Figure 6.10 Layouts y *—-%
on iteration. .

TCp3 = 10(1) + 15(2) + 20(3) + 10(1) + 5(2) + 5(1) = 125



Pairwise Exchange Method —%‘-1

\J/
L1X3 = IZ Zéchoices

2 2

4 Example (contd.): Iteration O
TCpy(1:2) = 10(1) + 15(1) + 20(2) + 10(2) + 5(3) + 5(1) = 105

TCyn(1-3)|= 10(1) + 15(2) + 20(1) + 10(1) + 5(2) + 5(3) = 95—

TCys(1-4) = 10(2) + 15(1) + 20(3) + 10(1) + 5(1) + 5(2) = 120
TCia(2-3) = 10(2) + 15(1) + 20(3) + 10(1) + 5(1) + 5(2) = 120
TCi(2-4) = 10(3) + 15(2) + 20(1) + 10(1) + 5(2) + 5(1) = 105
TCp(3-4) = 10(1) + 15(3) + 20(2) + 10(2) + 5(1) + 5(1) = 125




Pairwise Exchange Method

4 Example (contd.): Iteration 1

TCypp4(1-2) = 10(1) + 15(1) + 20(2) + 10(1) + 5(1) + 5(3) = 95
TCp(1-3) = 10(1) + 15(2) + 20(3) + 10(1) + 5(2) + 5(1) = 125
TCyy (1-4) = 10(2) + 15(3) + 20(1) + 10(1) + 5(1) + 5(2) = 110
TC,4(2-3) = 10(2) + 15(1) + 20(1) + 10(1) + 5(3) + 5(2) = 90—
TCyy,(2-4) = 10(1) + 15(2) + 20(1) + 10(3) + 5(2) + 5(2) = 105
TCi3(3-4) = 10(1) + 15(1) + 20(2) + 10(2) + 5(1) + 5(3) = 105




Pairwise Exchange Method

4 Example (contd.): Iteration 2

TCyy(1-2) = 10(1) + 15(2) + 20(1) + 10(1) + 5(2) + 5(3) = 95
TCyyu(1-3) = 10(2) + 15(1) +20(3) + 10(1) + 5(1) +5(2) = 120
TCyp(14) = 10(1) + 15(3) + 20(2) + 10(2) + 5(1) + 5(1) = 125
TC,13,(2:3) = 10(1) + 15(1) + 20(2) + 10(2) + 5(3) + 5(1) = 105
TC,,(24) = 10(2) + 15(1) + 20(1) + 10(3) + 5(1) + 5(2) = 100

TC,(34) = 10(1) + 15(2) + 20(1) + 10(1) +5(2) + 5(3)

J) o3 cost g
s o iteration J) o
Lasgr o



Pairwise Exchange Method

N

%

4 Limitations:

= NO guarantee of optimality,
» The final solution depends on the initial layout
+ Leads to suboptimal solution

= Does not consider size and shape of departments

+ Additional work has to be done (re-arrange the
departments) if shapes are not equal.

Ditferent shapes and sizes
needs additional worK




https://youtu.be/XEIUy20zXyo 7

/ Graph Based Method 2l

N

@ Graph based method dates back to the later 1960s and
early 1970s.

# It is a construction-type layout algorithm.

# The method starts with an adjacency relationship chart.

# Then, we assign weight to the adjacency relationships
between departments.

@ A graph, called adjacency graph is constructed:
* Node: to represent department.

* Arc : to represent adjacency.
+ Weight on arc: represents the adjacency score.




Graph Based Method

N

# Adjacency graph should be planar. (The graph obtained
from the relationship diagram is usually a nonplanar
graph).

= A planar graph is a graph where there is no intersection of arcs
(flow of material).

# Goal: To find a graph with maximum sum of arc weights
(adjacency-based objective).




Graph-based Method

(a) Relationship Chart (b) Relationship Diagram

Figure 6.12 Relationship chart and relationship
diagram for graph-based example.




Graph-based Method

(a) Relationship Chart (b) Relationship Diagram

Figure 6.12 Relationship chart and relationship
diagram for graph-based example,

(:) 20 ()

|?> L‘ilSu(’\
HENEIRE
2 |z ]3] 25
5 |o 2 |2

is to maximize
ma 30«4\ is

flow of moxiMize wei?)h't

12 3

2| 3|Y |Sum

| [ 9[8[ 1o 27 Jv/iebesty

o) 2 q Tyl
3

2
-Fm(?. |2 ,
- L‘-bf) A
[RNIE) 9

20 2

|1 | 2]3 |4]Sum

s[of7]of2]
Faces 12 I3
ST I
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Graph-based Method

Arc Weight

(a)

Figure 6.11

Adjacency graphs for alternative block layouts.



Procedure to Find Maximum Weight
Adjacent Planar Graph

N

%

@ Step 1: Select a department pair with largest weight

@ Step 2: Select a third department based on the sum of the
weights with the two departments selected.

@ Step 3: Select next unselected department to enter by
evaluating the sum of weights and place the department
on the face of the graph.

= Here, a face of a graph is a bounded region of a graph

@ Step 4: Continuing the Step 3 until all departments are
selected

@ Step 5: Construct a block layout from the planar graph




method

Graph-based Method
¢

(a) Relationship Chart (b) Relationship Diagram

Figure 6.12 Relationship chart and relationship
diagram for graph-based example.




Graph-based Method

a. Step 2

3 4| Total
1 8 10§18 —
2112 13 1 25 (best)
51 0 2 2

Figure 6.13 graph-based procedure.




Graph-based Method

b. Step 3
2 3 4 | Total

9 810 | 27 (best)
7

1
S 0 91 9

Figure 6.13 graph-based procedure.




Graph-based Method

Figure 6.13 graph-based procedure.



Graph-based Method

12

Arc Weight

1-2 9

1-3 8

1-4 10

1-5 0

2-3 12

8 2-4 13

2-5 7

3.4 20

4-5 2

20 B (total) 81

Figure 6.14 Block layout from the final adjacency graph.



Limitation of Graph Based Method

N

Limitations

= The adjacency score does not account for distance, nor

does it account for relationships other than those
between adjacent department.

= Although size is considered in this method, the specific
dimension is not, the length between adjacent
departments are also not considered.

= The final layout is very sensitive to the assignment of
weights in the relationship chart.




Algorithm Classification

N

he bablb Ol Lhi@ia c)ut annm

= Some algorithms accept only qualitative flow data
(relationship chart).

= Some algorithms work with quantitative flow data (from-
to chart)

= Some algorithms accept both.




Algorithm Classification

N

4 Layout algorithms can be also classified according to
their objective function:

1. Minimize the sum of flows times distance:

f.d.c¢
min z :szzjcz'jdij

i=1 j=I
Where m: number of departments
;- the flow from department i to j.
c;- the cost of moving one unit load one distance unit from i to j.
d;: the distance from department i to j.

More suitable when the input data is expressed as from-to
chart.




Algorithm Classification

2. Maximize the closeness (adjacency):

Flow between all deparment

B na("ti Vou’ iable
max 2=,

Where i=1 j=I

;- the flow from department i to j.

x,=1 if department i and j are adjacent (share a border)
0 otherwise

4 Helpful in comparing two or more alternate layouts.

4 But, it disregards the distance or separation
between non-adjacent departments.




Algorithm Classification

Layout algorithms can be also classified according to
the format for layout representation :

Discrete representation: (Tres)

The area for each department isffounded offito the nearest
integer number of grids.

Selecting the appropriate grid size is an important decision.

Continuous representation: no grids, restricted to
rectangular buildings and departments.

Discrete continuous




Algorithm Classification

N
L

# Layout algorithms can be also classified according to
their primary function:_improvement versus
construction.

1. Improvement-type algorithms:

start with an initial layout and seek to improve the objective
function through incremental changes in the layout

2. Construction-type layout algorithms:
1. Assume the building dimensions are given.
2. Assume the building dimensions are Not given.




Algorithm Classification

# A layout algorithmishould not “split” a department into
two or more pieces.

Aveid R

Bt ¥

a. Split (55) b. Unsplit c. Void
X dont spli+



\

\

/ Layout Evaluation

\ An algorithm needs to distinguish between “good”

layouts and “bad” ones

= Minimize the total cost/traveling/load etc:

m m
minz = ZZ Jiciyd;

i=1 j=1

= Maximize the total relationship:

m=1l m
max z = Z Z i X
i=1j=i+1
x> Maximize the total satisfaction (Prioritization

Matrix)

Po- 4|




/ Layout Evaluation

| Distance Based Scoring
\ ..
\ Suitable for input data from From-to chart

Approximates the cost of flow between activities

Requires explicit evaluation of the flow volumes and
COStS From 4o

chact pailoge
MaX(ix

L B
minz=2 ) f;c,d,

i=1 j=1
m: number of departments
fi: flow from department i to department j
¢;i: cost of moving fromi to j
d;: the distance between departmentsiand j

Distance often depends on the aisle layout and
material handling equipment

Distance is often calculated as the rectilinear distance
between debartment centroids



i Layout Evaluation
. 4 Adjacency Based Scoring

\ Adjacency-based scoring is based on the
relatlonshlp chart and relationship diagram

m _1 m 1 (ad"!acer\’f)
— O (rot adjacent)
max z = Jix;
i=1 j:i+1(
Relationship
m: number of departments el eratiment

i and j

x;: 1ifiandjare adjacent, 0 otherwise
fi= Relationship value between department i to department j

€xample fo understand

Xag = |
AleTlo) (oL,

Xen =0 Not adyacent
B P27 (doesn® share a boarder]

27



/ Layout Evaluation

Adjacency Based Scoring

soEfflClency rating: When we compare
the alternatives, we normalize each
objective function

mZZﬁx

i=1 j=i
—1

Z =
m

N
e Zfz'j

=1 j=1

<OCcHMmM>




/ Layout Evaluation

Adjacency Based Scoring

J soEfflClency rating: In some cases, the layout
planner may represent an X relationship
between departments i and j by assigning a
negative value to f;.

EUZJ?EFJI‘J'XU' * E(z‘,ﬁeffz‘j/(l - X

2 (i.j))EF fl/ o 2 (i.)EF jl/
\_/ \_/
W oo sitive

en
ue3q+\ve



SECTION 6.4

6.12 Suppose five departments labeled A through E are located as shown in the layout
below. Given the corresponding flow-between chart, compute the efficiency rating for

the layout.

iniiel L‘l‘(\‘“’,‘ neqative F
(flow = -ve)
A B C D E
A — 3 0 % =
c B ‘ > ’ X—-ve
A B e L . ;
C D = .
D E E £
¢ Rixy- 25y O-x)
_ GaEF — (1)-€" _ 1 _og
30

shi =2
GveF!  \GdEF
$otol ne5a+;ve

fotal gositive o e e

Flow between d&paﬂ-mev\?s
depar tments

és}id'

(yep®@ = °r6iras =20
£5i) =-1-6-3=-10
G, )er®

Total Posi‘rwe adjacent scofe

é&\i XU =5() +Y4(0)+60)+2(0) +3() =14
Gaes' 73
0
v\oi'qdj

|
adj

Total r\ecso\’r'\ve, aci\)'uce_r\Jf score

£ By (-xy) =—3(|—o)-\(t-o\-é,é1—/1f=_q

G o) EF

2019

Lq;:;?s L_Tg U\S 15\

A ERicitncy o2 b e



Minimize
/ Layout Evaluation -+ [

e bz=fed,
| Distance Based Scoring
\@ple cen’rﬂ‘md)\ 5 (3 | xi-x; | | %
Initial Layout w\ oteeafhnen* Flow Data fij
50.0~—— > €C—30.0— >
. From/To| A B | C D
A -2 4 4
B . B 1 -1 3
(25,‘303 (65,30) C 2 1 - 2
| X D 4 1 0 -
| | R[B]cloD
C-—--—-- 3 o -y
(20,10) (60,10) < CH
. N Y Total Score (Cost) Z — ¥ij xdis
o - FromTo[| A | B | C | D [Total
Distance Data” d, A -1 80 100 220| 400
FromTol A| B C D B 40 - 65 75| 180
A - 40 | 25 55 C 50 65 - 80| 195
B 40 - | 65 25 D |[220 25 0 - | 245
C 25 65| - | 40 Total 310170/ 165/ 375 1020
D 55 25| 40 -




" Adjacency Based Scoring <%

xample

- ) 1 2 3 4 5 6 7
|Relationship Chal diacent
1 djoce —_j 1 L(l p
2 IeE L‘I OU
3 O U
| o
4
Assembly D 5
Phing | / A,
Shipping | 7/ 6 E,
7
I
L'_mﬁou‘i'
U 7 2 E 4
Shipping Milling hf:gﬁ‘l’;’le
3 . I I
Press
O 6 5 O 1
Plating ..
Assembly Receiving

‘Zzzifii’

4+1

16+4+0 =20
140 =1
64 =64
16 =16

Total Score 106

Weights:
A=64
E=16

N



Adjacency Based Scoring
Example

Exercise: Find the score of the layout
shown below. Use

3 1 2 4
Press Receiving Milling Screw
Machine
7 6 5

Shipping Plating Assembly




Cerfreroid D) »=5 L_;“U\ 39\7

Distance Calculations

e Centroid is a center of mass




Distance Calculations

* If (x,y;) and (x,y;) represent the coordinates of two
locations i and j then the distance model measures can be:

. v Rectilinear: B

use fwis
one

distance betweeniandjis

D = |x- j| T |yi'yj|

> Euclidean: 5

distance betweeniandjis

D:\/(Xi_'xj)_l_(yi_yj)




Distance Calculations

e Rectilinear distance from ¢ Euclidean distance from

centroid to centroid centroid to centroid
yA y“
Y2 Y2
Y1 Y1
X1 X3 X X, .



Distance Calculations | G19)
N
3 A (3%10) E(3X3)
| T(S, 6. 53 Q,_g/ 4.53
g 2 (5,Y4)
. B(2x10)
© Fisx3) |2
DEXT) 45 15 (15,25
-5+
’ 3

Rectilinear distance from A to B:
D(AB)=15+1=2.5

Rectilinear distance from B to C: 25+2.5
D (BC)=1+1.5+2+1.5=6



CRAFT ™ Coireed
Computerized Relative Allocation of Facilities Technique

* For improvement of an existing facility
» Attempts to minimize transportation cost, where

(Transportation cost = flow * unit cost * distance
Min z= Z
=1 j=1

e Assumptions
° Moving costs are linearly related to the length of the move.

e Distance metric used is the rectilinear distance between
department centroids.
o Input is FT Chart (From-To chart)

o Department shapes are not restricted to the rectangular ones



W

w.)\_—/-»\u_‘

Procedure ==,

mhial Lcno vt

Determine department centroids.
Calculate rectilinear distance between centroids.
Calculate transportation cost for the layout.

Consider department exchanges of either equal area
departments or departments sharing a common
border. e 2

Determine the@estimatedichange in transportation
cost of each possible exchange.

Select and implement the departmental exchange
that offers the greatest reduction in transportation

cost. T e

Repeat the procedure for the new layout until no
interchange is able to reduce the transportation cost.



CRAFT

Example
. A facility with 7 departments

J Cost of carrying any material ¢; = 1 for all i and j pairs.

. Each grid size is 20 X20,=tg)5c)§i 72,000 m?is available

J Total requirement is 70,000 m?

J Location of receiving (A) and shipping (G) departments are fixed

1 2 3 4 5 6 7 8 91011121314151617 18

Dept. Area |Noof| ~  Flow | 1
Name _ Grids [A [B_[C |D [E [F [G [H | 2
Fr=E 112,000 30 10145 [15 [25 [10 [5 [0 [0 | 3
BMliR 18000 |20 |0 |0~.]0 30 |25 [15 [0 |0 sl B B C CCEE
o 6,000 | 15 0 |0 o0 [5 [10 [0 |[O 51B B C CEETETETETEEE
s 12.000 | 30 0 |20 0 |0 35 (0 [0 |0 6l B B CCCCCTETETETETETETEE
o 18000 [20 [0 [0 [0 Jo Je.l65 [35 [0 | ,|ig BB B BID D DDF F FF F F F [EJE
v 12,000 | 30 0 |5 o |o [25 [o._|65 [0 slp o bbb D D F FF
e |12 000 | 30 o |o o o o [0 [o._|0
Wlwmey 12000 |5 0 }0 o o |o [0 |0 | 91D RS s e © F
70lb D DD DDDD[HHHHH|FFFFF
> Improve the layout Dummy Department
J Total available space > total required space:

therefore we use a dummy department (H) with the size of 2,000 m?
72000 -70000 =2, 000



=

Pa\runse o LS 1l
CRAFT Example | eorr oy _ums
exchoanges caft IL
Dept. | Area | Noof N ~ Flow
: : Name Grids A[B |[C [D [E [F G |H
Determine department centroids. T 12,000 [30 [0 [45 [15 [25 [10 [5 [0 [0
Calculate rectilinear distance TR 18000 [20 |0 |0 |0 30 [25 |15 [0 [0
i o 5 ' ‘ 0 |5
between centroids. R T T i
Calculate transportation cost for TR 8000 (20 |0 |0 |0 |0 |0 |65 |35 |0
riE 12,000 | 30 0 |5 |o |0 [25 [0 [65 |0
the layOUt‘ TR 12,000 | 30 0 o o Jo Jo [o [o [o
whumr 12000 |5 0 |0 o |0 [0 [0 [0 [0
1 2 3 4 5 7 8 9 10111213 14 15 16 17 18
1A A A AAIAA A AAIGIG!G|IGIG G| G G
2 1A < AlG Ly G
3J]A A A A AJA A A A A|IGIG G G . .
4le B|sg/s/e]c/c cicicleE/E]c ¢ GlG|G!G Distance Matrix
s{el | _| [B]ci le| [cleleielelE[E|E|E AlB|C|IDIE|F|G|H
6|8 glciclelc|clelelelele|E|E|E Al 6[5)86[13]16
7B BB B B[DDIDID[F|F F F FIF F|E E o 1114
gs|lp'p/op DD D o|F " FIF|F C 7 110|
9 lo y D D|F/F F F F F D 6 12
10J0/0/ 0 DD D D DJH/H/H H H|F F F F F - 3|4
Figure 6.15 Initial CRAFT lavout and department centroids F 4 3 7
for Example 6.1 (z = 2974 X 20 = 59,480 units). G
H
Distance between A and B is 6 units / Cost Matri
: . 0S atrix
(illustrated by the red line above) T T T
A 270] 75 | 350] 130] 80 705
B 180] 275] 210 £ES
m m / c 3% 100 135
] D 120 a0 520
= f C d E 193] 140 335
ij Z 70 75| |az= 500
e G 0
=80 ), et




CRAFT Example

1.2 3 4 5 6 7 8 9 10111213141516 17 18

—_—

2 Which
: d
‘(B e - epartments
B B C CEETETETETETEE ?
SB BCCCCCETETETETETETEHSTE toexchange.
8 B B BBBDDUDUDTFTFTFTFTFTFTFEE
9 D DDUDDD D F F F
ol P D F FFFF F
DDDDDDGDODIHHHHH|FFFFF
Dummy Department
. 1. Bringing the departments E and D closer
' COSt Matnx might help to reduce total material flow
AJEJCJO[E[F[G[H [T o
701 75 11501 130] 80 205 2. Bringing the departments F and G closer

180| 2751 210 665 might help to reduce total material flow

gl 100 135
120 £&0
e - Exchange E and Fj ) é

Ggo Departments E and F can be reorganized
0 only if they have the same areas OR
2380 they have common border

TlOImim|o |OJom -




CRAFT

. Selection Criterion for Exchange

Cvox Ac*ua\}

] -@stimate@change in the transportation cost:
|

> Consider two departmentsiand j:

Let the centroids of each location be L;and L;

Assume that after the exchange, the new centroid of i
becomes L;and the centroid of j becomes L;.

Compute the change in the total transportation cost by
using the new estimated centroids

* Centroids of the two departments are temporarily swapped

*|The actual size of cost reduction

% underestimated

| i
can be overestimated or




CRAFT

Swapping the centroids

1 2 3 4 5 6 7 8 9 1011213141516 1718

1
2
3
41B B C C EE
5|B B C cC EE E E _
6|B B C C C CEE E E Centroid of E
7\/BBBBBDDDDTFTFTFTFTFTFTFETE
8|D DDDDD D F 0 £ Centroid of F
91D DFFFFF F
10/D D DDDDDD|/HHHHH|FFFFF
Dummy Department

To calculate the
estimated change

1.2 3 4 5 6 7 8 9 1011213141516 17 18

1

2 in cost after the
3 exchange:
41B B C C EE

5|B B C CEETETETETETEFE .
6|B BCCCCGCEETEFEEQ & Centroid of F
7/BBBBBDDDDFTFTFFTFTFTFEFE

S | PEDEERRERY D e F FF Centroid of E
9|D DrFrrrr® €
10/DDDDDDODOD|/HHHHH|FFFFEF




(/ CRAFT Example

\ N Trial distance matrix

e o NEEREEEE
:\. Estimation of the AREHEEE
, B AEIE
wd  changein z e
transportation cost [E’ - 0 —
F[ [ ANE
G
A

. . Trial cost matrix
Initial cost matrix

A|lB|ICI|DI|E|F|G|H|To A|lB|IC|IDIE|F|G|H|ToN
- ol 75 | 150] 130 80 705 A 270] 75 | 15C] 160] 85 70
B 180] 2751 210 £Es B 180] 350 | 965 285
C 351100 135 C |70 120
D 120 40 - 0 120 315 435
E 195] 140 3385 E 195] 245 440
2 70 75 4:L &00 F 55 75 280 350
G 0 G 0
o - .
(EDR {'

2290 2300




CRAFT

Exchanging two departments

If the areas of the two departments are of equal sizes one
department takes the shape of the other.

If the areas are not identical:

> Draw a box enclosing the two departments (this enclosed
shaped includes the grids of the two departments only)

o Count the number of grids of the smaller department. Let this
count be k

o Count k grids from the non-adjacent side of the larger
department. These grids now become the new location of the
smaller department. The space emptied by the smaller
department now becomes part of the larger department’s new
territory



CRAFT
=~ Exchanging two departments

m) |7

& blocks 3 blocKs
Corids)

R Blocks

[2 blocKs



CRAFT Example — exchanging E and F

. 1.2 3 4 5 6 78 9 1011121314151617 18

| B B C C E E
18 B C CEEEEETEFTEFE E
6|B B CCCCCETETETETETETEE —
7/|B B BBBDDDDTFTFTFTFTFTFTFEE
8|D DDDDD D F =
91D D F F F F F
WPDDDDDDD/HHHHEH|FFFFEF Department E needs less space
Dummy Department than department F. Then:
Starting from the non- -adjacent
e Loy |>°l
1 2 3 4 5 6 7 8 9 1011121314151617 18 sndeof@lepar ment Focate all the
1 ceIIsfordepartmentE
2
3
4B B B BBC CC CC CC CT FTF|GGGG GGG
5|B B C CFFFFFFTFFTF
6|B B CCCCCTFTFTFTFTFTF F New Layout — after
71B B B BBDDUDUDETETETETETETF F exchanging E and F
8|D DDDDD D E E F F
91D DEEETETETEF F
1ODDDDDDDDHHHHHEEFFF
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\ Final Layout — after exchanging B and C

2 3 4 56 7 8 9 1011213141516 1718

1

BFFFFFFTFTF

L L

TR
w
w
L
W
L
o W
m O
m O
m O
m QO
mom
ONONS
O O

O ONS

F

DEEEETEFEF

~QAN »

41C C CBBBBBBBFFGGGGGG

v ©O© M~

8| DDDDDD

0D bbb bbDDHHHHHIEETFTFF




CRAFT Example

Manual Adjustment on CRAFT output

2 3 4 5 6 7 8 910111213 141516 17 18

1

VALALA:ALAAAAA.A:AAAVG.GLGLGLGLGAG.G

2 1A

G
G

G

| F
F

F

A

B

BlF|F|F|[F[F|F[F]F

clele|B|B|B|[B|F|[F|F|[F]F|F

c .

D
D|plE|E|E|E|E|[E]F]

1

sla/a/a/alalaalaalalelcl gl

4CCC|£BBBBBBFF|G:G:G'GGG

7lc/clclc]s]p/p|/D/DJE[E E|E/E E|F]

8 1D/D/D/D|D|D|

1olo/o/p/p/po/p/p ofH|[H H|[H H|E EJF|FF




CRAFT Insufﬁ:iency of Adjacency for Exchange

* |If 2 departments are not equal in area,
then adjacency is a necessary but not
sufficient condition for an exchange

NS | OO | O
NI | OO | O | O

[ i —
[ R —

RN T RN | O O Oy

CRAFT is unable to exchange

departments 2 and 4 without
splitting the department 2 or
shifting other departments

For dep armen

SP\\‘\' n9 = LV
,> 2 Z) S §S

and T want to avoid SPH’Y\%



CRAFT - Pros

» CRAFT is flexible with respect to department shapes.

e In theory, CRAFT is applicable only to rectangular facilities, yet using dummy
i extensions, we can still apply CRAFT algorithm to non-rectangular shapes.

|

e Dummy departments

Have no flows or interaction with other departments

Require certain area
Can be fixed
Used for:

Non-rectangular facilities

Fixed areas in the layout (obstacles, unusable areas, etc.)
Aisle locations

Extra space

Building irregularities

o CRAFT captures the initial layout with reasonable accuracy



CRAFT - Cons

Locally optimal solution only

© CRAFT is a path-oriented method so the final layout is dependent on
the initial layout. Therefore, a number of different initial layouts should
be used as input to the CRAFT procedure.

CRAFT may lead to irregular shapes both for individual
departments and the facility itself.

o Most of the time, a manual “finishing” must be done before presenting
the CRAFT output.

It is not always possible to exchange two unequal size, adjacent
departments without splitting the larger one.



Example:

A local manufacturing firm has recently completed construction of a new wing of an existing
building to house four departments: A, B, C and D. The wing is 100 m by 50 m. The initial layout
and flow matrix is given in below. Assume unit cost matrix. Using CRAFT algorithm do one
iteration to obtain an improved layout.

50

40

30

20

(D

2

=1800m )

®A=1200m2)

CJlA = 800 m?) =1200m®)
10 [
(10,10)
10 20 30 40 50 60 80 100
LS 0 — | Material Flow | A B c D

5‘*9/“‘ A 0 2 7 4

B 3 0 5 5

c 6 7 0 3

D 8 2 3 0

F
39\5\ s W@ Step 1: Determine department centroids.

Dept centroid
A (30,35)
B (80,35)
C (20,10)
D (70,10)

Step 2: Calculate rectilinear distance between centroids.

A B C D
N 50 35 65
B 50 | - 85 35
C 35 85 — 50
D 65 35 50 | -




Step 3: Calculate transportation cost for the layout.

Material Flow | A B c D
A 0 2 7 4
B 3 0 5 5
c 6 7 0 3
D 8 2 3 0
Transportation cost matrix Z = é_i %‘) C%éc"\;)
A B C D
A | - 100 245 260
B 150 | - 425 175
C 210 595 — 150
D 520 70 150 | -

Total cost of the initial layout (Distance based cost for the initial layout) is = $3,050
Step 4:

Possible exchange:
1. equal area departments

2. departments sharing a common border.

Possible Exchange Comments

A-B sharing a common border

A-C sharing a common border

A-D sharing a common border

B-C No exchange

B-D sharing a common border and same area
C-D sharing a common border




Step 5:

Exchange #1: (A and B)

Dept centroid
B (30,35)
A (80,35)
C (20,10)
D (70,10)

Distance matrix after Exchanging A and B

A B C D
A | - 50 85 35
B 50 | - 35 65
C 85 35 — 50
D 35 65 50 | e
Material Flow | A C D
A 0 2 7 4
B 3 0 5 5
c 6 7 0 3
D 8 2 3 0
Predicted transportation cost matrix after Exchanging A and B
A B C D
A | - 100 595 140
B 150 | - 175 325
C 510 245 — 150
D 280 130 150 | -

The predicted Transportation cost after exchanger dept A-B=$ 2,950




Exchange #1: (A and C)

Dept centroid
C (30,35)
B (80,35)
A (20,10)
D (70,10)

Distance matrix after Exchanging A and C

A B C D
A | - 85 35 50
B 8 | - 50 35
C 35 50 — 65
D 50 35 65 | -
Material Flow | A c D
A 0 2 7 4
B 3 0 5 5
c 6 7 0 3
D 8 2 3 0
Predicted transportation cost matrix after Exchanging A and B
A B C D
A | - 170 245 200
B 255 | - 250 175
C 210 350 — 195
D 400 70 195 | -

The cost after exchanger dept A-C=§ 2,715

Possible exchange

Predicated (estimated) total
cost

Reduction in transportation
cost = Initial cost —
predicted cost of the layout
after exchange

A-B 2,950 100

A-C 2,715 335

A-D 3,185 -135

B-C No exchange No exchange
B-D 2,735 315

C-D 2,830 220

We choose to exchange A-C because it has the highest reduction in transportation cost.




C : (20,40)

A, A1(20,15)
A2(50,35)
Area X y AX =X*ptea| Ay: Y Areal
Al 40*30=1,200 | 20 15 24,000 18,000
A2 20*30=600 | 50 35 30,000 21,000
tal 1,800 70 50 54,000 39,000
Ay _ 54,000
—=——=230
A 1,800
Ay 39,000
yc=7y = m = 21.67
Actual center for A after exchanging A and C is (30,21.67)
Dept centroid
A (30,21.67)
B (80,35)
C (20,40)
D (70,10)
Actual Distance matrix after Exchanging A and C
Dept A B C D
L e 63.333 28.33 51.67
B 63.333 | m===m-- 65 35
C 28.333 65 | mmeee-- 80
D 51.667 35 80 | e




Material Flow | A B C D

o0 || >
®o|lw o
NN
w(o|on|~
o |||

Actual cost matrix after exchanger|dept A-C

Dept A B C D

A - 126.67 198.31 206.68
B 1899 | ------ 325 175

C 169.99 455 | == 240

D 413.32 70 240 | ==

Actual transportation cost after Exchanging A and C is 2809.9,

Total costs of 2809.9, we do not achieve the estimated cost (2,715), but compared to the initial
layout (3,050) we have cost reduction.
This layout (after exchanging A and C) will be considered as an initial for the second iteration.

50 ; ; Eﬂ%: ':;kg g~4k——*/
) AA= 156 // B(A=1200m?) 1 U |f LEQ /} %) \\“ J’lrf{\ 3
. 3 Sk ﬁﬁ’*?;fj% !
n / \\{i’?ﬁff. 29 - J\;J\/ / e | A /{L,

_Cn= /"‘LS /M D(A=1200m") P - // )J
0 T \jf/ / D

10 w 50 ) n 80 % 100 — - T T
4 9



A\ =

Determine department centroids.
Calculate rectilinear distance between centroids.
Calculate transportation cost for the layout.

Consider department exchanges of either equal area
departments or departments sharing a common
border.

Determine the estimated change in transportation
cost of each possible exchange.

Select and implement the departmental exchange
that offers the greatest reduction in transportation
cost.

Repeat the procedure for the new layout until no
interchange is able to reduce the transportation cost.



Craft Example:
Suppose the following layout is provided as the initial layout for CRAFT. The flow-between
matrix is given below. (All the cij values are equal to($2) (unite load. unite distance).

Flow-Between Matrix ]TO_ A B
A|B | C|D]| E | (5,25 ) 5, ’15\
A — | 8 2 8 14
B - | 12 8 16 |
¢ — | 6 | 10 2[) ( S,CI 0) (zo[?l 0) (3‘),E\°3
D - 4
E

[ P | S ST, — T

1. Suppose the following layout is provided as the initial layout to CRAFT. Number of
department pairs that will be considered for exchange that satisfy exchange requirements is:

Answer: 7
2. The cost of the initial layout is:
Answer: 4980

3. The estimated layout cost assuming that departments C and E are exchanged.

Answer: 4340

4. The actual layout cost assuming that departments C and E are exchanged.
Answer: 4340
5. The estimated layout cost assuming that departments C and D are exchanged.

Answer: 4500

6. The actual layout cost assuming that departments C and D are exchanged.

Answer: 4260
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Efficiency of containers
# Efficiency of Returnable Containers:

J@wM 1,9 J%o «—  Example:

# Given the following dimensions of a particular

type of plastic reusable containers:

<U ng\,b'o Z') )\ (/"OJ 3 =« Inside dimensions 18"x 11”x11" ‘1 l/‘
’ = Outside dimensions 20"x12"x12" a i‘: 12°

= Each nested container 20"x12"x2"
= A trailer inside dimension 240"x120"x120"

= Containers are not palletized. Assume no clearance
is needed between containers, and between
containers and the walls of the trailer.
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https://drive.google.com/file/d/1-N9oMDKC7fV3nTjCAk-Kv8pmiKQUEyY2F/view?usp=drivesdk
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