Roadmap to the Perfect Value Stream: Mixed
Model Line Design Workshop

Welcome to the Mixed Model Line Design Workshop, a comprehensive three-day program designed to equip manufacturing
professionals with the knowledge and tools needed to design efficient mixed model production lines. This workshop covers the
complete methodology from assessment to implementation, providing hands-on experience with practical exercises using real-

world examples.



Workshop Agenda

Introduction and Overview

The workshop begins with introductions
from the instructors, Gerard Leone and
James Cope, both experienced leaders in
Lean implementation. Participants will
introduce themselves, share their line
design experience, and identify
immediate needs. The session covers
overall course objectives, including
learning the Mixed Model Line Design
methodology, gaining hands-on
experience, and completing the
educational requirement for MMLD
Professional Certificate.
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Mixed Model Line Design
Roadmap

This session introduces the Mixed Model
Roadmap approach, emphasizing the
essence of Lean Design: to link and
balance the flow of work and materials.
The roadmap defines Standard Work for
the Line Design process, providing a
foundation for improvement. Participants
learn that implementation requires
collaboration across departments
beyond Manufacturing Engineering.
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Assessment and Master Plan

Participants learn how to assess the
current state of production lines using
Value Stream Mapping and other
assessment tools. The session covers
line design guidelines used by industry
leaders and how to define acceptance
criteria for a completed line design.
Includes a hands-on exercise using the
"Read a Plant Fast" assessment
methodology.



Workshop Agenda (continued)

Products and Forecast Daily
Volume

This session focuses on where to start
the design process, the benefits of
mixing products, and how Forecast Daily
Volume (FDV) influences resource
calculation in a Mixed Model
environment. Participants learn to
convert various volume metrics to units
per day and understand how combining
products creates a smoother overall
demand. Includes a hands-on exercise to
calculate daily demand for bicycle
models.
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Processes and Process Flow
Diagrams

Participants learn to define
manufacturing processes at the correct
level of detail and create Process Flow
Diagrams (PFDs) that show how value
flows from process to process. The
session emphasizes that each product
must have a PFD showing the
relationship of manufacturing processes
to make one unit. Includes a hands-on
exercise to build PFDs for bicycle
families.
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Process Flow Matrix and Mixed
Model PFD

This session teaches how to create and
use a Process Flow Matrix to organize
process-product relationships and
identify product families based on
process commonality. Participants learn
to combine individual PFDs into a Mixed
Model Process Flow Diagram (MMPFD)
that displays all possible product paths
and helps identify the path of highest
volume. Includes an exercise to create a
Mixed Model PFD and continue building
the Process Flow Matrix.



Workshop Agenda (continued)

Standard Work

This session covers the benefits of
Standard Work for Mixed Model Line
Design, including how to create and use
Standard Work Definitions. Participants
learn about different formats for work
instructions, with emphasis on Graphical
Work Instructions that focus on "how"
rather than "what." The session highlights
that Standard Time is a key ingredient in
Resource Calculations. Includes an
exercise to review a Standard Work
Definition for bicycle assembly and
identify non-value-adding steps.

Takt Time

Participants learn the definition of Takt
Time as the rhythm or beat of the line at
capacity, measured in time per unit. The
session covers how to calculate Takt
using the formula: Effective Minutes /
Process Throughput. Participants
understand that Takt is a design
parameter that doesn't change daily, and
that processes (not products) have Takt.
Includes an exercise to calculate
Effective Minutes and Takt Time for
bicycle production processes.
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Resource Calculations

This session explains how to calculate
the number of required resources (people
and machines) using the Resource
Calculation Formula. Participants learn to
calculate Weighted Standard Times in a
mixed model environment and interpret
the results of resource calculations. The
session covers different machine types
and their impact on calculations.
Includes an exercise to calculate
Standard Time Weighted and resources
required for bicycle production.



Workshop Agenda (continued)

Workstation Definition 1
Participants learn how to calculate the number of required workstations The Balancing Tools
and balance work between them. The session covers when to develop

1 sub-processes and whether to mix products or not. Rather than The final session introduces six line balancing tools and explains how and
balancing to Takt, participants learn to balance to a target based on the when to use each one. Participants learn that the order of application matters:
calculated number of resources. Includes guidance on making 1) Eliminate Waste, 2) Relocate Work, 3) Add In-Process Kanbans, 4) Add
decisions about mixing models based on process commonality, Resources, 5) Add Inventory and Time, and 6) Introduce Sequencing. The
standard times, and materials. session compares different balancing approaches and emphasizes that

sequencing is required for Mixed Model production to optimize product flow.

In-Process Kanbans (IPKs) Workshop Schedule
This session introduces In-Process Kanbans as buffers to overcome Day 1: 8:00 AM to 5:00 PM - Introduction, Roadmap, Assessment, Products and
variability, changeovers, and shift differentials. Participants learn about Volumes

2 different types of IPKs and strategies for their placement. The session
covers how to integrate machines into the flow using IPKs and how to Day 2: 7:30 AM to 5:00 PM - Processes, Standard Work, Takt Time, Resource
decide how many IPKs to place between workstations. IPKs serve as Calculations

visual signals to work and provide real-time status of flow without Day 3: 7:30 AM to 1:00 PM - Workstation Definition, IPKs, Balancing Tools

substantially increasing Work In Process.
AM and PM breaks and lunch will be provided each day.



Fat Tire Inc. Workshop Project

Throughout the workshop, participants will apply the Mixed Model Line Design methodology to a real-world case study: Fat Tire Inc., a bicycle manufacturer with a "Mass
Customization" competitive strategy similar to the Fender Custom Shop or Mini Cooper ordering models. The company offers web-based customer design with short

response times.

Project Specifications

Product Line: Bicycles

e Number of Models: 10

* Processes: 16

o Forecast Annual Volume: 172,560 units
e Goal: Design a Mixed Model Flow Line
o Project Type: Greenfield

e Business Strategy: "Onshore"
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The bicycle models include Standard Men's, Standard Women's, Men's Modern,
Women's Modern, Standard Classic, Standard Mountain, Standard Mountain Deluxe,
Standard Mountain Pro, Tandem Classic, and Tandem Modern.



Mixed Model Line Design Guidelines

The following guidelines represent principles of best-in-class Line Designs and are used to set direction and targets for future line designs and/or identify improvement

opportunities for current Line Designs:

Design Principles

These guidelines will be applied throughout the workshop as participants develop their line design for Fat Tire Inc.

Design a Line capable of building a mix of
products one unit at a time

Focus on minimizing the Line's Critical Path to
shorten Manufacturing Lead Time

Minimize all forms of waste: Overproduction,
Transportation, Motion, Waiting, Inventory, Over-
Processing, Defects, Human Capital

Processes and Workstations must be linked
and balanced around a time target

Line is designed to achieve Forecast Daily
Volume

Utilize Mistake Proofing to build in quality

Operational Excellence

Visual Controls are used to communicate
production status, notification of problems,
request support, and support material flow

Operators have clear work instructions that
identify the work, tools, material, and quality
controls for all processes

Material flow, presentation, replenishment and
routes are designed based on consumption

(pull)

Minimize indirect activity done by direct labor
operators with clearly defined roles and
responsibilities

Ergonomics and Safety are incorporated into
the design of every workstation

Flexibility & Alignment

Production is aligned to Customer Demand and
sequenced to optimize flow

Assign the same type of work at the same
workstation

Line Design enables volume flexibility down to
50% of capacity by adjusting the number of
operators, not by moving equipment or
materials



The Essence of Mixed Model Line Design

Link and Balance

The fundamental concept of Mixed Model Line Design is to link and balance the flow of work and
materials. Linking ensures that processes are connected in a way that minimizes transportation
and waiting, while balancing ensures that each process can meet the required production rate.

A key objective is to design a line capable of building a mix of products one unit at a time, with
processes and workstations linked and balanced around a time target (Takt). This approach
minimizes work-in-process inventory and lead time while maximizing flexibility.

The Mixed Model Line Design methodology provides a structured approach to achieving this

balance, with clear steps from assessment through implementation. By following the roadmap,
teams can design lines that efficiently handle multiple product variants while maintaining flow.

Assessment and Master Plan

Evaluate current state, define guidelines and acceptance criteria

Data Gathering

Establish volumes, mix, and document processes

Standard Work

Document work elements, times, and quality criteria

Resource Calculations

Calculate Takt time and required resources

Workstation Definition and Balancing

Define work content and apply balancing tools



Calculating Resources in a Mixed Model Environment

One of the most critical aspects of Mixed Model Line Design is accurately calculating the resources required to meet production demands. This involves understanding the relationship between

Standard Time, Takt Time, and the mix of products.

Resource Calculation Formula

Resources = Standard Time Weighted / Takt Time
Where Standard Time Weighted (STw) is calculated as:
STw = 2(Standard Time x Volume) / Total Volume

This formula accounts for the different work content of each product in the mix, weighted by its
volume. The result tells you how many workstations or operators are needed for each process.

@ Labor @ Machine @ Workstations
Resources Resources

The calculated resources must be rounded to whole numbers, with consideration for factors like
stability of standard times, non-value-added work, and quality reliability. Rounding decisions
impact line efficiency and flexibility.

100% 100% 100%

Forecast Daily Volume Effective Minutes Takt Time

The total number of units that must be produced each day, The actual time available for production each day, accounting for ~ The maximum time allowed to produce one unit, calculated as
calculated from annual demand divided by working days breaks, meetings, and other non-production time Effective Minutes divided by Forecast Daily Volume



Balancing Tools for Mixed Model Lines

Achieving balance in a mixed model environment requires a systematic approach using six key balancing tools, applied in a specific order to optimize line performance.
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Eliminate Waste

Remove non-value-adding activities like walking to retrieve
parts, un-boxing parts, acquiring tools, working ahead,
building piles, and ergonomic challenges. This is always the
first step in balancing.
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Add Resources

When the first three tools are insufficient, add resources
(people or machines) to processes that exceed the time
target. This requires recalculating the number of workstations
and reconfiguring the line.
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Relocate Work

Move work elements between workstations to achieve better
balance. Work can be moved to adjacent workstations, non-
adjacent workstations, feeder processes, or independent off-
line processes.
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Add Inventory and Time

For processes where cycle time exceeds Takt but has enough
daily capacity, use the Time Plus Inventory method. This
involves adding IPKs upstream and downstream of the
imbalanced workstation.
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Add In-Process Kanbans

Use IPKs as buffers to overcome variability, changeovers, and
shift differentials. IPKs can be spaces on a bench, marked
floor locations, hooks, or other physical indicators that control
WIP.
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Introduce Sequencing

Define the order of the production schedule to optimize
product flow by balancing work content, sequencing for
optional processes, reducing line changeovers, and improving
operator productivity.

The application of these tools must be iterative, with continuous evaluation of line balance. Perfect balance is unlikely, but the goal is to achieve a line that can efficiently produce the required mix of
products while maintaining flow and flexibility.

By the end of this workshop, participants will have the knowledge and tools to design mixed model lines that can handle product variety while maintaining efficiency and responsiveness to customer
demand.



