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System Design and Simulation #2: Lean Game

LEGO Demo

A. Buffer =2 B. Buffer = 10

Scenario 1
unreliable machines

Scenario 2
detecting defects
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Rules

assemble at a consistent rate
no pre-building
M1 stops when buffer is full

M2 can only build with parts
from the buffer
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System Considerations: Layouts and Production Rates

Different Types of Efficiency/Productivity

People Students

value-added

waste

engaged in producing/assembling learning
watching machine running

producing defects

looking for tools

fixing machine breakdowns

producing unnecessary items

Materials

value-added

waste

being transformed into parts
being transported

sitting in storage/buffers
being inspected

getting reworked

Machines

value-added

waste

transforming parts
unnecessary movements
being set up

being broken down
producing defecting parts

producing parts that are not needed

plant manager: tries to maximize utilization of resources (Toyota: squeezing water out of dry towels)
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System Considerations: Layouts and Production Rates

Production Rate

Increases If:

- disruptions are reduced
- Increase rate of slowest machine (bottleneck)

- Introduce buffers appropriately

Negative Effects of Buffers (Inventory/Work in Process)
- storage costs money (space, management, etc)

- cycle time (time in system) increases

- takes longer to detect defects

- products can become obsolete/shrink
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System Design and Simulation #2: Lean Game

Typical Design Guidelines

Line Balancing (Case V)

Short Cycle Time (Case ll, V)

- minimum disruptions (Case Il, V)

- optimum WIP (Case VI)

- minimum material handling (Case I)
- batch vs one piece

Fast Feedback

Minimum Demand Lumpiness

# Machines | Reliability | OP€aUON | g trers
Times
Case | 1 same X
Case Il 1 X same X
Case Il 24 same X
Case IV 2+ different X
Case V 2+ X same X
Case VI 24 X same
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System Design and Simulation #2: Lean Game

Typical Design Guidelines

Line Balancing (Case V)

Short Cycle Time (Case ll, V)

- minimum disruptions (Case Il, V)

- optimum WIP (Case VI)

- minimum material handling (Case I)
- batch vs one piece

Fast Feedback

Minimum Demand Lumpiness

# Machines | Reliability | OP€aUON | g trers
Times
Case | 1 same X
Case Il 1 X same X
Case Il 24 same X
Case IV 2+ different X
Case V 2+ X same X
Case VI 24 X same
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Line Balancing

what can you do to balance the line?
- break slow steps into multiple serial steps
- evenly distribute the workload

- break slow steps into parallel stations

—» 1,2 | —»

4,5,6

TASK

TIME

TASK
TIME
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System Design and Simulation #2: Lean Game

Typical Design Guidelines

Line Balancing (Case V)

Short Cycle Time

- minimum disruptions (Case Il, V, VI)
- optimum WIP (Case VI)

- minimum material handling

- batch vs one piece

Fast Feedback

Minimum Demand Lumpiness

# Machines | Reliability | OP€aUON | g trers
Times
Case | 1 same X
Case Il 1 X same X
Case Il 24 same X
Case IV 2+ different X
Case V 2+ X same X
Case VI 24 X same
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Cycle Time

“the time a part spends in the system”

- used in multiple different ways in different places: you have to ask!

Little’s Law

L = Aw

raw materials products

gL: total inventory levels
:\: system production rate W
:w: total waiting time (time for one ﬂ
:part to get through the full system) :
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System Design and Simulation #2: Lean Game

Typical Design Guidelines

Line Balancing (Case V)

Short Cycle Time

- minimum disruptions (Case I, V, VI)
- optimum WIP (Case VI)

- minimum material handling

- batch vs one piece

Fast Feedback

Minimum Demand Lumpiness

# Machines | Reliability | OP"aton | g cers
Times
Case | 1 same X
Case | 1 X same X
Case Il 24 same X
Case IV 2+ different X
Case V 2+ X same X
Case VI 24 X same




Manufacturing Systems llI

System Design and Simulation #2: Lean Game

Batching
full batch has to finish eg000ee
at M1 before moving 333444 M 3
(together) to M2 so000s

2

/\ /\
@

Operation time, 7 : 3 minutes

Batch (lot) size: 1,000

Cycle time: 1,000 * 3min + 1,000 * 3min + 1,000*3min = 9,000min
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System Design and Simulation #2: Lean Game

Single Piece Flow

)
)

parts wait in the first
queue, then process
by themselves

M|

Operation time, 7 : 3 minutes
Batch (lot) size: 1
Cycle time: 1,000 * 3min + 2 * 3min = 3,006min
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Single Piece Flow

)
)

M|

Operation time, 7 : 3 minutes
Batch (lot) size: 1
Cycle time: 1,000 * 3min + 2 * 3min = 3,006min
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Cycle Time vs Operation Time vs Takt Time vs Lead Time

cycle time: the time a part spends in the whole system

operation time: the time a part spends at a station being transformed (process time)
Takt time: the time between finished parts needed to meet customer demand

lead time: the time between ordering and delivery of parts/materials/supplies

R 7~ N
Tkt fime — daily available time %__ %__
VR VR VR

daily average demand

. . 7

M2 ® M3 O




Manufacturing Systems llI

System Design and Simulation #2: Lean Game

Cycle Time vs Operation Time vs Takt Time vs Lead Time

cycle time: the time a part spends in the whole system

operation time: the time a part spends at a station being transformed (process time)
Takt time: the time between finished parts needed to meet customer demand

lead time: the time between ordering and delivery of parts/materials/supplies

, daily available time order order
Takt time = —
daily average demand N\ N\
Plant
X X

supply supply
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Typical Design Guidelines ¥ Retailer i Wholesaler ¥ Distributor  Manufacturer
[ stock [ Backorcer I Ordec [ st ] Backorder I Order [ stock ) Backorder I Crosr [ stock ) Backorcer I Order
300 e $1200 300 60y $1200 300 o $1200 300 ik 31200
Line Balancing (Case V) [T
200 $ 800 200 | S 800 200 + & 800 200 | $ 800

Short Cycle Time

150 3 600 150 | S 600 1504 $ 600 3 600

100 $ 400 100 |

50 S 200 50 |

- optimum WIP (Case V) e

S 400 100 $ 400 $ 400

- minimum disruptions (Case I, V, VI)

$200 $ 200

$0

- minimum material handling

“I didn't have any visibility on future demand.”

- batCh VS One iece “I ordered more to ensure a safe level of stock." e .‘
i = @

52
A I &
“My supplier didn't deliver so | increased my orders.” ‘3 ’& @ﬁ

FaSt Feed baC k Consumer Retailer Wholesaler Distributor Manufacturer

“I was afraid that | wouldn't have enough stock.”

L ] “| started to have backorders so | increased my orders to be safe.”

Minimum Demand Lumpiness | |
“My customer suddenly increased his orders."

“The Lead Time didn't allow me to react quickly enough.”

“I tried to optimize my own stock."

“| lost count of how much | had ordered before.” what was needed to prevent propag ation?
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Resource Planning + Material Flow

» Business

Iterate between these Planning
many different planning methodologies two plans until both are I
In agreement
T : : Production
- same aim: Improve communication Plannin
lterate between these 9
issue: forecasting is not always accurate wo plans until both are i
' In agresment Master Production
, : Scheduling
- leads to backorders or inventory (investment) lterate between these ;
two plans until both are
in agreement Material Requirements |,
> Planning Adjust| capacity,
7 materigl plans, or
Capacity Requirements |, goth
> Planning
Keep
operational NO
planning Feasible ?
systems
informed of

progress Yes Shop Floor Control
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Push vs Pull System which is best?

push: forecast demand, make what is predicted, store was is not purchased some of both

start here

v

forecasted
demand products

raw
materials

pull: take orders from customer, send signal up chain, only produce what will be delivered (Kanban, lean, just-in-time)

start here

&) ¢

oducts customer
P orders

raw
materials
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Typical Design Guidelines

Line Balancing (Case |V) Wrench A Wrench B Wrench C Wrench D
p(1[1{1[1]{1[1] |D|6|6|6|6]|6|86 D[3|3|3|3]3]3 pl7|7|7|7|7]|7
Short Cycle Time JE 5| |p[15] |15 15 P |10 10 P |25 25

- minimum disruptions (Case Il, V, VI)

- Optimum WIP (Case Vl) Forging X Forging Y
o _ _ D|20| 0 |15 0] 0 |20 pl3s|olol35|0]o0
- minimum material handling pl25| |25 25 5 150 o~

- batch vs one piece

Fast Feedback Steel Z
D|75| 0 (25|50 0 |25

Minimum Demand Lumpiness

large variation in demand: high periods and zero periods

ED: Demand -
EP: Production

- makes forecasting difficult = expensive operations
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The Lean Game

Welcome Josh!

In this game, you'll be working as an operator in a painting workshop.

&

@ Product name: Starting raw material: After the full process:
Your company logo: Color Me

paintings & Car

Products

Your workshop is painting and selling 2 types of products:

For some time, Color Me LLC was the world leader for painted wooden toys.

But it is now facing hard worldwide competition.

The customers want faster deliveries, reduced costs and more quality.

If you can't fulfill their needs, the production may be relocated to more competitive
locations!

Follow our tutorial to discover the game rules and interface.
The simulation will be reinitialized when it officially starts.

Skip Start Tutorial
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Game Overview

. @ Delivered: A WIP: :
o Planni
00:15 GpcE g @ Planning Playing as Blue

Ny,

—
WiP-in ’]-3 WiP-out

Yellow &

WIP-in ’Q WiP-p8

o
Na [
(-\ S [ P

" Quality & Rework &

Blue Player &

00:41 @ Delivered: A WIP: &

0 pcs 20 pcs

WIP-in

&

. 3. Cars

v Show details

= Units done: @ Successrate: @ Current: @ Average:
0 pcs 100% 00:17 00:00

lue -

Car #A1 - Click to paint

To Quality &
Rework

/\ Quality & Rework: can change

to any tool, any color, and can
remove paint
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Game Overview

OO . 00 @ Delivered: A WIP: o playing as Grey

Opes 16 pes Tutorial - The game has not started @ note that you get a tutorial first (for each game)

T - if you hit “Start” the tutorial is over

£ Settings

Yellow &

R Instructions

games will last 6 minutes each
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Agenda
1. play Hound 1 - Basic Factory (communication encouraged!) I ¢ _‘

2. understand the results by following the Challenge packet

3. play Round 2 - four “Lean” improvements automatically implemented w \_/__

4. play Round 3 - all (four more) “Lean” improvements automatically implemented

i Value
https://zensi.mu/1EpA
Total Revenue All deliveries +$2,400
| l ; Labor cost per station - -$200
_my g Rework operations per ope (per operation) - -$195
u = l . WIP Inventory based on avg (avg stock In W|P) - -$1,211

: T Late deliveries per unit - -$240
o

O]
Sy

E :

Defective deliveries per unit - $0

Total Expenses

Bottom Line
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Agenda
1. play =5 2CtOF C cHHEeatHoR-eRcoUragec
2. understand-therest DY HorowWHARg-the-oRatenRge-pacKe

3. play Round 2 - four “Lean” improvements automatically implemented

4. play Round 3 - all (four more) “Lean” improvements automatically implemented

Move Stations: allows you to reorganize the station
locations in the workshop

Reduce Batch Size: change the required number of units in
a batch

Auto-inspect Work (Jidoka): any/all stations will be able to remove
the paint dots after placing them (click a painted square to remove)

Balance Workload: any/all stations can be configured to
allow for tool changing, not just Quality & Rework

T

< ;

- S
N

Blue, Yellow, Grey Square &
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2.
3.
4.

Move Stations: allows you to reorganize the station
locations in the workshop

Reduce Batch Size: change the required number of units in
a batch

Auto-inspect Work (Jidoka): any/all stations will be able to
remove the paint dots after placing them

Balance Workload: any/all stations can be configured to
allow for tool changing, not just Quality & Rework

play Round 3 - all (four more) “Lean” improvements automatically implemented

I

o

R B am =

Level Production Plan (Hejunka): change the production
schedule to make it more even

Add Click-guides to Reduce Defects (Poka-yoke): guides
will help you choose where to click to make painting easier

Kanban (Pull System): pieces will automatically move to
the next station

Reduce Tool-changeover Time (SMED): tool changeover
times happen faster
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