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Structure of the talk

* Graduate Course
* Undergraduate Course
* Interactions through Design Competition



Graduate Course

3 credits

Our program is heavy OR centric; this course provides one of the few
application courses

Build connections to the other parts of the curriculum
Schedule one either warehouse tour or manufacturing facility tour

Teach from a combination of:
- Bartholdi and Hackman
- Tompkins et al.
- My own classnotes / research papers



Introduction to the warehouse
within the supply-chain
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THE INOUDSTRY THAT MAKES SUPPLY CHAINGS WOR K™



Material handling terminology
and ba5|c concepts
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Modeling Methods
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Systems Thinking in Action

1. Vision/Purpose:

Describe/Refine your 2. Share and test key

Mental Models in the

3. Sketch key trends
and name the essential

ideal state : e
System variables driving the
trends.
\\ o
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W 4. Make the system

10. Share results
get feedback, learn
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9. Take Action,
Get Results

visible (via causal
maps)
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6. Share, test &
: revise maps

8. Engage Stakeholders and
collaborate across
boundaries.

7. Use leverage to identify~._
stakeholders
and prioritize actions



Activity
Profiling
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Functional Flow Diagram

Receiving
Pallets
Pallet reserve Pallets
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Unit Load Warehouse
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Warehouse Operations

Replenishment

Reserve
storage
and
pallet
picking
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Mixed Integer Programming
Problem

Facility

Department 2

Department 1
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Forward-Reserve Decisions

Shared storage Dedicated storage

Forward pick

Restock ———>» Inexpensive pick —>»

area

Reserve

Expensive pick >




Routing and Optimal Routing

Stlan End



Eventual partition of work

Bucket Brigades

Time

Pt
0 Work content 1



Material Handling Equipment
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The Mobie Warehouse

CYCLECOUNT ' -




Pallet Building




Warehouse Benchmarking

> Capital



Denver Airport
ggag_e__HandIing System
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Undergraduate Course

4 credits

Lab section
* Case Study 1 — Layout
e Case Study 2 — Layout, Material Handling, Operational Policy
e Case Study 3 — MHI Case Study competition

Writing intensive course



Facility Planning Introduction

1. Define (or 9. Maintain and
redefine) the adapt the

2 objective of facilities plan
Specify the facility
the primary

and support

activities that must
be performed to
accomplish the

objective

8. Implement the
facilities plan

3. Determine the
interrelationships
among all activities

7. Select a facilities
plan

4. Determine . Evaluate

the space alternative
| facilities
;gg:nements 5. Generate s
activities alternative
facilities

plans



Physical aspects
A

> Control

Time



Personnel Requirements and
Detailed Layout

F@'— Note: reach to

) front of shelf
Typical
3.-2"
- |
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Traditional Outsourcing

Professional

services
Human Information
resources technology
Real estate | ~— ko ~<——> | Accounting
company
Business
consulting Legal
Marketing
services
Outsourcing with Enfrastructure
Your
Company
Enfrastructure
Information Business
technology consulting
Human ; Professional
resources Accounting services
Marketing
Real estate SoRiicas Legal




PN48450733
(48" x 45~ Pallet)

PN323006VD
(32" x 30" Pallet)

MA24110989 MA12110789

Mm32é1489 MA15080789 MA10090989
(Detached Lid) MA48111489 (32" x 30" System) (32" x 30" System)
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Systematic Layout Procedure

R

2. Activity
relationships

1. Flow of
materials

\ é/

3. Relationship 2
diagram ®
c
<
4. Space 5. Space
requirements available
6. Space
relationship
diagram
7. Modifying > ~<—] 8. Practical S
considerations |—s o limitations S
N
9. Develop
layout

alternatives

10. Evaluation

Selection




Activity Analysis

#-skus

600¢

400¢

200¢

#-months

T 23 4 5 & T g5 1) TLAD

Figure 14.3: Number of the most popular skus that were requested during only n
months of theyear(n = 1..... 12).
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(a) Relationship chart (b) Relationship diagram



Assignment Problem

. bij is the benefit Max Z Z bij X.

generated by assigning X . . J
department j to location i )

. X. -
jequal 1 if department St Z Xij -1

j is assigned to location i _
and O otherwise |
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Time on machine

Manufacturing Systems

Moving and waiting
95%

Time on machine

/\

Incut less than
30%

~

Positioning loading, gauging, idle, etc.

70%



Volume-Variety Layout

Classification

Product
High Planning
Dept.

Product layout Product Family

Planning Dept.
Group technology layout

Volume Medium

Fixed Materials

Process
Location Planning
Low Planning Dept. Dept.

Fixed location layout
Process layout

v

Low Medium High

Variety



Production Line Departments

Lathe Drill Grind Drill

5

Press Bend Drill

Mill Drill

S
T
0
R
E :
S

(a)

<r-r@mEmunw

MNCOIMIUEZ

I

* Used e.g. in assembly line-type production
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Fixed Materials Location

4

[ weld | [ Paint
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* Used in aircraft assembly,
shipbuilding, construction projects

787 production line (Gail Hanusa/Boeing) 26



Process Planning Departments
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* Used in job shops



(b) Dependent U-lines
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Path flow — (" |
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Facility Location Problem

Existing facility
o New facility




Design Competition

4 team member — two undergraduates and two graduates
4 weeks to complete the project
We usually have 10-15 teams






Let’s
Discuss...



