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Extend™ from Imagine That Inc.
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Simulation Models Are Essential Tools for Lean Programs 
To Test Alternative Solutions Before Implementing Them

•To analyze plant capacity – to trade-off volume & mix 
(variety) of products

•To analyze service levels – to balance demand and supply
– Make-to-Stock inventory
– Make-to-Order lead times

Models are adaptable to either flow shops or job shops.

Multiple sites across a supply chain may be analyzed.

Simulation takes variability (in processing, setups and 
downtime) into account.
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Some Real Benefits – beyond traditional lean tools 
such as value-stream mapping

•Postponement of final packaging results in 30% inventory reduction; 
with substantial service improvement to 97+%

•Synchronized operation reduces cycle time from 18 to 13 weeks

•Shift/work center change allows schedule change from 7 to 6 
days/week

•PLUS actually test & measure impacts of:
– Late materials starving downstream operations

– Schedules & kanbans on throughput, service level & utilization

– Variability & mix on capacity investments
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Lean Analysis & Improvement Techniques 
Included in Lean Simulation Model

• Kanbans
• Schedules
• EPE (every-part-every …) 

interval
• Batch & campaign sizes 

vs. one piece flow
• Setup reduction
• Routing changes
• Shared resources
• Postponement

• Variability impacts
• Downtime impacts
• Yield & scrap
• Material lead times

• Metrics
– Takt times/rates
– Overall Equipment Effectiveness
– End to end cycle times
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Key Metrics Can Be Compared For 
Multiple Scenarios

Results of Multiple 
Simulations are 

Compared on the Same 
Graph
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Example: Lean Simulation Model 
Set Up to Test a Pull Process in a Flow Shop

Before Model: Laminated Plastic Manufacturing
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Repair 
Centers

Repair 
Centers

Laminating 
& cuttingExtrusion Packaging

Demand
60 +
finished 
products

Limited
storage 
space 

MRP Push 3 Passes on 
the same 
equipment

5 days/week 7 days/week 7 days/week
Each work center operates on a different work schedule.



Pull Process Scheduling/Replenishment 
Rules Development

Repair 
Centers

CuttingExtrusion Laminating Packaging

Triggered by KANBAN 
replenishment Schedule to 

maintain
CONWIP

EPEI 
Rhythm 

Cycle

Packaging is 
the constraint 
operation.

Rhythm Cycle Product Group Allotment

LIGHT 80 
LIGHT 55
LIGHT 25
FULL  80 
FULL  55
FULL  25

Fill
Orders

Tested & modified work schedule
5 days/week 7 to 6 

days/week
7 days/week
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EPEI: Every Product Every Interval Testing
aka Rhythm Cycle

EPEI Cycle Product Group Allotment

LIGHT 80 
LIGHT 55
LIGHT 25
FULL  80 
FULL  55
FULL  25

~60 total products; 
in 6 product groups

As demand arrives 
for each product, 
the production 
order is assigned to 
the next available 
cycle spot

Fairly complex 
setup rules between 
product groups 
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Before: throughput/service problem

Packaging operation is sometimes starved 

Not meeting demand 
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After: Increased throughput/consistent flow

Improvement in Packager utilization 

Better Demand fulfillment 
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Hierarchical Model Building

Hierarchical blocks 
for each plant or 

workcenter

Each workcenter
has flow logic for 

material, and 
schedule input

Each line has logic 
for each 

equipment set



Job Shop Model Overview 
Equipment & Job Profiles

Setup Process
Jobs from 
multiple 
sources 

Completed 
Jobs

Resources
Each Job ID has 
parameters that 
define resources 
& duration

Each Job Type
creates a series of
Job IDs to be 
executed

Each Job 
assigned a 
Job Type Skills Equip

Job Type Job Sequence Job IDs in the Sequence t
Code Nbr of Ops 1 2 3

2 3 10 20 30
3 2 20 30
4 1 40
5 3 20 10 40

Test ID Resource Requirements
Skill Equipment Time Hold Time

10 3 101 4 hrs 24 hrs
20 2 102 8 hrs 0
30 4 206 .5 hrs 6 hrs
40 4 210 3 hrs 1 week
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Job Shop Statistical Outputs

Confidence intervals
for results, e.g., 
end-to-end time 

& utilization
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Demo Inventory Model Available
From OpStat & Imagine That Websites

16©2006 OpStat Group Inc. All Rights Reserved. OpStat


