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of 20-30 years. Their
intention was not to
develop some sort of
‘unified field theory’
for all manufacturing.
They simply wanted to
solve Toyota’s specific
problems. The solutions
they chose, while
broad based, do not
necessarily apply in all
situations.

Aspirin
Pennicillin
Viagra Y

Lipitor

Ohno first visualised "This combo works for all my patients!"

an ideal production
system, primarily in terms of workflow. Ohno's ideal production
system, inspired by Ford, had a series of adjacent workstations,
balanced and synchronised with no inventory between stations. It
delivered finished product to the customer exactly when needed
(just In time) and drew materials from suppliers, just in time.

According to legend, Ohno then asked Shingo and others
what prevented the realisation of this ultimate, no-inventory
system. As the reasons for inventory surfaced, Ohno requested
that his deputies ‘eliminate the reasons.” All of the subsequently
developed elements of lean manufacturing aim at eliminating
(or at least reducing) the reasons for inventory. Ohno
understood that inventory mirrors waste.

Lean Manufacturing Laundry List

Cellular Manufacturing
Total Quality

Teams

Rapid Setup (SMED)
Kanban

Value Stream Mapping
Process Mapping

Work Balancing

5-S

Autonomation
Pokayoke

Jidoka

Elimination of waste
Total Productive Maintenance
Continuous flow

One Piece Flow
Standard work

Visual management

In station process control
Level production

Takt Time

Point of use storage
Kaizen

Supplier Development

Understanding the history
and background of lean
manufacturing can help sort out your

I implementation approach

SUPPLIER

*BALANCED
*SYNCHRONIZED
* SIMPLIFIED
*WASTE FREE

* RATONALIZED

For Toyota (and many other manufacturers) the foremost
‘reason for inventory’ involved the intertwined issues of
equipment scale, setup, batching and workflow. The causal
diagram (below) illustrates.

The problem starts with equipment that is larger and faster
than required for a single product. This causes multiple products
to run on the same equipment. Two effects ensue:

1) Changeovers become necessary
2) Different products follow different routes

Large-scale equipment often requires difficult and time-
consuming setups. The combination of changeover and long
setup forces large batches that bring high inventory. Different
routes force functional layouts with their complex material flows
that also increase inventory.

High inventory brings all sorts of waste in material handling,
space and quality (not shown). This diagram is over-simplified. In
reality, it has multiple, subtle reinforcing loops that exacerbate
the problem over time.

Shingo attacked both root causes. First, he developed the
SMED system that reduced changeover times and, thus, batch
sizes and, hence, inventory. Second, he scaled down the
equipment, where possible, thus enabling cellular manufac-
turing and its simplified workflow.

Equipment Is Larger
Than Required For
Any One Item

High
Inventory

& Functional J)
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Few individuals or organisations cope effectively with more
than 2-4 multiple, high-priority objectives

Ohno and Shingo were ‘systems thinkers.” They visualised
causes and effects, interactions and dynamic behaviours. This
contrasts with ‘list thinking’ that is static, obscures cause-effect
and treats elements of a system as independent.

SMED and workcells did not become part of the Toyota
production system because they had cosmic virtue. They were
employed because they reduced inventory and waste in the
Toyota context. Other techniques addressed other issues. For
example, some buffers at Toyota were large because of equipment
breakdowns. Total productive maintenance (TPM) addressed
this breakdown problem. If your machines do not breakdown
frequently, there is no reason for TPM. The key point is:

¢ Do not copy specific tools and techniques; they are not
universal
e Copy the thinking and analysis methods; they are universal

Developing a lean strategy
To develop a lean manufacturing strategy and implementation
plan, we recommend five general steps:

1. Evaluate the current state

2. Determine the future state workflow (in principle)
3. Identify future state infrastructure (in principle)

4. |dentify precedents and priorities

5. Develop the plans

Evaluate current state
Our lean manufacturing assessment is a good tool for this. It

examines nine key areas and points the way to appropriate
improvement techniques. To download this tool, visit our website.

Determine the future state workflow

Workflow is a product of process and layout. What equipment
does the work and where it is. For many (but not all) manufac-
turers, workflow is the best place to start. With a streamlined
workflow, many other things become easier.

In the beginning, you will not know the final layout and
arrangement of the factory. However, you should be able to
determine where cellular manufacturing will probably apply
and where it may not. You should be able to identify probable
Focused Factories. You may be able to identify where a few new
machines might untangle portions of a complex workflow. In
addition, you can revise misguided equipment utilisation and
ROI policies that discourage cellular layouts.

For shops with hundreds or thousands of parts and a
functional layout, this requires considerable experience in
group technology. Without such experience, it is difficult to see
how cellular manufacturing can work. The paradox is that the
larger the number of parts, the more likely it is that workcells
will be viable and efficient. | have known many firms that had
abandoned the idea of cells because of this apparent difficulty.
It does take a lot of work to untangle the mess and identify the
cells. It often requires sophisticated methods. Our web pages on
group technology address this.

Determine future state infrastructure
Infrastructure consists of supporting elements in a manufacturing

r
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system. These do not touch the product

or add value, but they enable or assist the
process. Infrastructure includes scheduling,
training, culture, organisation structure,
quality methods, utility systems, costing
systems and investment policies and a host
of other elements. Some of these elements

are embedded in attitudes, habits and

culture rather than explicit policies. Here,
again, experience in lean manufacturing

is important. Not because the problem is
difficult, but because the paradigm is different.

Identify your own lean elements

Based on the above vision of the future state, pick the
appropriate elements of lean manufacturing from the lean
laundry list. You may also identify other advanced manufac-
turing techniques that are not on the usual lists of lean
manufacturing.

Identify precedents and priorities

Next, identify priorities and precedents. Precedence may require
the use of certain elements to make some other element practical.
For example, Rapid Setup (SMED) may be necessary to enable
kanban and workcells make kanban simpler and easier. Workcells Develop the plans

also function better with small lots. The precedence might With a broad overview of the situation and a vision for the
therefore be Workcells + SMED + kanban. In reality, these are future and knowledge of precedents and priorities, we can
likely to be concurrent as much as sequential, but more on this begin to plan our course of action.
later.

Priorities depend partly on precedence but they also depend Phasing

on ROI. By giving priority to those elements, products and areas We suggest three broad phases for lean manufacturing:
that promise the fastest and largest returns, the system transfor-

mation becomes self-financing. I. Core disciplines
For example, many companies want to start with 5S. They want  Il. Consolidation
to clean the place up. This seems like a good thing and Martha Ill. Continuous improvement

Stewart would surely approve. However, generally, cellular
manufacturing is a better place to start for the following reasons: ~ Phase | implements the minimum essentials necessary for the
system to work effectively. These are often (but not always)

e The return on 5S is lower, less immediate, and less obvious the core disciplines on the home page. Perhaps 60- 80% of the
than the return for workcells benefits accrue from Phase I. The changes in Phase | are dramatic,

e |f workcells are implemented after 55, much of the 55 work the results immediate and the benefits clear. When people speak
must be redone after the rearrangement of a lean implementation, they usually think of Phase I.

Phase Il builds on the core disciplines of Phase I. It includes the
The rearrangement into workcells will automatically entail much  later, secondary techniques honed by Toyota and others. Examples

of the cleanup, fix up work of a 55 program include 5S and quick and easy Kaizen. Phase Il fine-tunes and
improves the initial system. It includes methods and training that
e Workcells are smaller, tighter and more focused than inculcate basic values that sustain the system for years to come.
functional areas. As a result, they are easier to clean and Continuous, incremental improvement is the hallmark
keep clean. With workcells in place, 55 becomes easier, faster  of Phase Ill. Here, the changes are less dramatic, but more
and more effective important. Phase Il never ends; a core value at Toyota but

e The inventory and material handling reductions from Cellular  unappreciated by most imitators.
Manufacturing make the plant neater and easier to manage

and clean Timeframes
The time required for Phase | varies significantly; It depends
Another factor in setting priorities is the ‘low hanging fruit’ upon the size of the firm, the product-process mix, culture,
principle. For a variety of reasons, it may be very quick and easy leadership and many other factors. Let us assume a “typical’ ‘
to implement one or another of the selected elements. It thus factory of, say, 500 employees, 2000 or so manufactured parts, ‘
makes sense to give such elements higher priority. a dozen product lines, and competent leadership. Phase | will
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to superficial rules and regulations.

¢ The learning in a blitz is superficial. There is simply not time
to explore all possible solutions or delve deeply into issues.
Much of this learning is through slogans, rules and edicts,
not the fundamental reasons behind them. It works because
the facilitator makes (or encourages) many decisions, often
instinctively, that avoid serious errors.

Implementation project example

Here is a very simple example of a Phase | implementation that
illustrates the principles. It anticipates three workcells. Each
workecell will require rapid setup (SMED), kanban production
control, total quality and team development. In addition, the
plan anticipates a more general supplier development effort
that will eventually bring suppliers into a kanban system.

The Gantt chart shows the timeframe for each activity. The
workcells will be implemented sequentially. The more general
supplier development and kanban is essentially separate.

This schedule limits the number of tasks that a particular
department must undertake at any one time. Chart 2 shows, for
each department, tasks that require their heavy involvement.
Note that no group has a heavy involvement with more than
two simultaneous tasks. The implementation of lean manufac-
turing should not follow a cookie-cutter approach. Every factory
is different and these differences require unique approaches.
The elements chosen, their sequence of implementation and
many other details differ from factory to factory. The originators
of lean manufacturing, placed in different circumstances, would

have developed different solutions.

The keys to success include: a fundamental approach, systems
thinking, leadership, a flair for strategy and recognition of the
practical limits on resources.
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