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EXECUTIVE SUMMARY OR KEY FINDINGS EI
This white paper delves into the transformative power of Karakuri Kaizen, —
a low-cost, high-impact mechanical automation philosophy pioneered I m—
and perfected within the Toyota Production System (TPS). The research | J—

aims to educate diverse industries about Karakuri, highlight its implications
for workforce creativity, and showcase its significant business and
environmental impact.

Key Findings:

A Masterclass in Applied Management Theory: The operational excellence observed is a
masterful application of synergistic management principles. The Toyota Production System
provides the methods for waste elimination; Total Quality Management fosters the cultural
mindset of employee empowerment and customer focus; Systems Thinking offers the holistic
perspective to optimize the entire value stream; and Human-Centered Design ensures that
automation serves to reduce worker strain (Muri), making the system both productive and
humane.

Unlocking Cost-Effective Automation: Karakuri offers a compelling alternative to traditional,
capital-intensive automation by leveraging ingenious mechanical designs, gravity, and
simple linkages, drastically reducing implementation costs (e.g., a Karakuri system costing
approximately 80,000 compared to Z5 lakhs for conventional automation). This low entry
barrier makes sustainable automation accessible even for lean operations.

Driving Workforce Empowerment and Creativity: Far from displacing workers, Karakuri fosters
a culture of innovation and problem-solving among employees. Involving workers in the
design and implementation process empowers them to identify inefficiencies (muda),
develop solutions, and directly contribute to process improvements, leading to enhanced
morale and reduced resistance to change.

Significant Business and Environmental Benefits: Implementation of Karakuri directly
translates into substantial business advantages, including reductions in material costs,
energy consumption, and CO2 emissions. It contributes to a significant decrease in waste,
particularly through the inventive reuse of scrap materials (up to 90% in some Karakuri
applications). Furthermore, it improves key performance indicators (KPIs), such as cycle time
(e.g., order generation time reduced to 3-6 minutes), quality (achieving 0.5 PPM aesthetic
defects), and space utilisation (e.g., a 3x volume increase in some areas and a 20% space
saved with specialised trolleys).
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Alignment with Global Sustainability Goals: The practices of Karakuri Kaizen and TPS are not
just internally beneficial; they directly contribute to several of the United Nations Sustainable
Development Goals (SDGs). These include Goal 3 (Good Health and Well-being), Goal 7
(Affordable and Clean Energy), Goal 8 (Decent Work and Economic Growth), Goal 9 (Industry,
Innovation, and Infrastructure), and Goal 12 (Responsible Consumption and Production).

A Universal Blueprint for Cross-Industry Application: The principles underlying this success
are not confined to the automotive sector. The core focus on eliminating Muri (overburden)
provides a universal framework for industries such as logistics, healthcare, food processing,
and electronics assembly to achieve significant gains in efficiency, ergonomics, and

employee well-being through low-cost, human-centric solutions.

Fostering a Culture of Continuous Improvement (Kaizen): Karakuri is not a one-time fix but an
ongoing journey. Toyota's commitment to continuous monitoring (2-3 months) and regular
upgrades (every 6 months) of Karakuri solutions exemplifies the Kaizen philosophy. Failures
and safety incidents are viewed as learning opportunities, openly discussed in quality circles,

and swiftly addressed, often leading to global safety policy changes.

Pathways to Sustainable Manufacturing: Karakuri's reliance on mechanical principles,
reusable standardised components, and repurposing aligns perfectly with principles of
sustainability and circular economy. It demonstrates how efficiency gains can be achieved
with minimal environmental footprint, fostering "green power” initiatives and significantly

reducing carbon footprints.

This paper concludes that Karakuri Kaizen is a robust methodology for any industry seeking to
enhance operational efficiency, foster employee engagement, and achieve robust
sustainability goals without significant capital outlay. Its principles offer a blueprint for

creating highly adaptive, resilient, and environmentally conscious manufacturing systems.
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INTRODUCTION

In the relentless pursuit of operational excellence and sustainable manufacturing, industries
worldwide constantly seek innovative methodologies. The Toyota Production System (TPS) has
long stood as a paragon of efficiency, quality, and continuous improvement. Within the vast
ecosystem of TPS lies a unique and often understated philosophy: Karakuri Kaizen. Derived
from traditional Japanese automata, Karakuri, in the context of manufacturing, refers to
ingenious mechanical devices that perform tasks using only gravity, counterweights, cams,
levers, and other simple mechanical principles, entirely without external power sources such
as electricity or pneumatics. This white paper, "Karakuri Samurai: Toyota's Method to
Sustainable Assembly Line,” aims to demystify Karakuri, iluminate its profound impact, and

demonstrate its applicability across diverse industrial landscapes.

Why Karakuri?

In an era dominated by high-tech automation and Industry 4.0, the concept of purely
mechanical, often scrap-based automation might seem counterintuitive. However, Karakuri
offers a powerful counter-narrative, proving that ingenuity, simplicity, and low-cost solutions
can yield extraordinary results in terms of productivity, quality, and environmental
stewardship. It embodies the essence of "doing more with less” and represents a unique blend

of historical craftsmanship and modern manufacturing demands.

jp
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Scope and Structure of the White Paper

This white paper will systematically unfold the multifaceted world of Karakuri.

Following this introduction, part 2 will delve into the historical context, evol
and foundational principles of Karakuri. Part 3 will examine the crucial
attitudinal and cultural shifts required for successful Karakuri implementa

with a focus on worker empowerment and management's role. Part 4 will detail
the practical aspects of policies, training, and the step-by-step implementation

process. Part 5 will analyse Karakuri's tangible impact on business goals,
operational efficiency, and financial metrics. Part 6 will examine Karakuri's
significant contributions to sustainability, encompassing its economic,
environmental, and social dimensions. Part 7 will present illustrative case
studies from Toyota's real-world applications. Finally, part 8 will offer polic

suggestions and recommendations for broader adoption, culminating in a

comprehensive conclusion and a list of references.

ution,
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[LITERATURE REVIEW]

Theoretical Foundations of Operational Excellence

In the relentless pursuit of operational excellence and sustainable manufacturing, industries
worldwide constantly seek innovative methodologies. The Toyota Production System (TPS)
has long stood as a paragon of efficiency, quality, and continuous improvement. Within the
vast ecosystem of TPS lies a unique and often understated philosophy: Karakuri Kaizen.
Derived from traditional Japanese automata, Karakuri, in the context of manufacturing, refers
to ingenious mechanical devices that perform tasks using only gravity, counterweights, cams,
levers, and other simple mechanical principles, entirely without external power sources such
as electricity or pneumatics. This white paper, "Karakuri Samurai: Toyota's Method to
Sustainable Assembly Line,” aims to demystify Karakuri, illuminate its profound impact, and
demonstrate its applicability across diverse industrial landscapes.

The Toyota Production System (TPS) as the Genesis of Lean Management

The term "Lean Manufacturing” has its roots directly in the Toyota Production System.
Developed through decades of iteration by figures like Sakichi Toyoda, Kiichiro Toyoda, and
Taiichi Ohno, TPS was a response to the need for efficient production in a resource-
constrained post-war Japan. Its core philosophy is the complete elimination of waste to
shorten lead times and deliver high-quality products to customers quickly and at a low cost.
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The term "Lean” was popularized in the 1990 book The Machine that Changed the World, which
analysed the performance gaps between Toyota and other automakers and posited that the
principles of TPS were universally transferable. This led to the codification of Lean Thinking into
five core principles:

Pursue Perfection through

continuous improvement

These principles form the methodological backbone of the operations observed at

Toyota group companies.

Total Quality Management (TQM):
A Culture of Customer Focus and Employee Involvement

Total Quality Management (TQM) is a management philosophy centered on achieving long-
term success through customer satisfaction, driven by the active participation of all members
of an organization in improving processes, products, and services. Its core tenets—including
customer focus, total employee involvement, a process-centered approach, and fact-based
decision-making provide the cultural DNA necessary for a system like TPS to thrive.

The practices at Toyoda Gosei are a living embodiment of TQM. The culture of "Respect for
People” and the principle that a problem, once declared, becomes the "ownership of the
entire plant” directly reflect the TQM principle of total employee involvement. This creates an
environment where every individual, from car drivers to the managing director, is an active
participant in maintaining operational flow and quality. The resulting world-class quality
metrics, such as a defect level of just 1.5 parts per million (PPM), are a direct outcome of this
deeply ingrained, TQM-aligned culture.
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Systems Thinking:
Viewing the Factory as an Interconnected Whole

Systems Thinking is a holistic approach to analysis that focuses on the way that a system'’s
constituent parts interrelate and how systems work over time and within the context of larger
systems. It moves beyond analysing linear cause-and-effect relationships to understanding
the entire complex of interconnections, feedback loops, and emergent properties.

As W. Edwards Deming famously observed, the vast majority of problems in an organization
are caused by "the system” rather than the individual worker.

The Toyota Production System is arguably one of the most successful applications of systems
thinking in business history. Rather than optimizing individual machines or departments in
isolation—which can lead to bottlenecks and overall inefficiency—the focus is on optimizing
the entire value stream, from raw material to the final customer. Practices like the "pull”
system and heijunka (production levelling) are designed to make the behaviour of the entire
system transparent and responsive, allowing for continuous adaptation and learning. This
perspective is evident in how TGSIN reconfigures entire production flows with Karakuri,
understanding that the relationship between steps is more critical than the performance of
any single step.
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Human-Centered Design:

Engineering for the Employee

Human-Centered Design is a problem-solving approach that puts people at the heart of the
process, focusing on their needs, behaviours, and motivations to create solutions that are
desirable, feasible, and viable. When combined with systems thinking, it enables the design of
solutions that are not only efficient but also grounded in the lived experience of the people
within the system.

Karakuri Kaizen is a prime example of human-centered design applied to the factory floor.
While it serves the system's goal of eliminating waste (Muda), one of its most critical functions
is the elimination of Muri—the overburden, physical strain, and unreasonable requirements
placed on workers. Karakuri devices are frequently designed specifically to make work easier,
safer, and more ergonomic by reducing difficult jobs that involve bending, lifting, or repetitive
motion. This focus on improving the employee'’s experience is a key driver of acceptance and
engagement, reframing “automation” from a threat to a tool for personal well-being.

The synthesis of these theories reveals a powerful dynamic: The human-centric principles of
TQM and Human-Centered Design create the cultural conditions—psychological safety,
employee engagement, and a focus on well-being, that are an absolute prerequisite for the
successful technical implementation of Lean methods and Systems Thinking. The culture is
not a byproduct of success; it is the foundational enabler of it.
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UNDERSTANDING KARAKURI

History, Evolution, and Principles

Karakuri Kaizen is more than just a technique; it's a philosophy deeply rooted in the history of
Japanese craftsmanship and meticulously refined within the Toyota Production System. To
fully appreciate its potential, one must understand its origins, its journey within Toyota, and the
fundamental principles that govern its design and application.

A Deeper Look at Toyoda Gosei

The subject of this study, Toyoda Gosei South India Pvt. Ltd. (TGSIN), provides a compelling
modern context for these principles. Established in 1998 in Bengaluru, India, and formerly
known as TG Kirloskar Automotive Pvt. Ltd., TGSIN is a distinguished manufacturer of high-
quality moulded plastic components, primarily serving Toyota, Suzuki & Nissan cars. The
company is a joint venture between Toyoda Gosei Minda India and Toyota Tsusho
Corporation.

Operating with a dedicated workforce of about 460 employees, TGSIN's achievements are
particularly noteworthy. Its ability to achieve world-class operational metrics, including a
defect rate of 0.5 PPM and winning a global Karakuri competition in Nagoya, Japan,
demonstrates that manufacturing excellence is not the exclusive domain of colossal
corporations. TGSIN's journey powerfully illustrates that a steadfast commitment to philosophy,
culture, and frugal innovation can enable small to medium-sized enterprises (SMEs) to
compete and excel on a global stage.

"""“/ - | - | —




Origins and Historical Context
The term "Karakuri’ (h 5 < 9) translates to "device" or "mechanism” and historically refers to

traditional Japanese automata, or dolls that are operated by mechanical means. Dating back
to the 17th century, these intricate automatons, often powered by springs, cams, or mercury,
performed complex movements, such as serving tea or shooting arrows. They were marvels of
mechanical ingenuity, designed to entertain and amaze without external power sources. This
rich cultural heritage of mechanical inventiveness laid the conceptual groundwork for
Karakuri Kaizen in modern manufacturing. The core idea of creating motion and function
through clever mechanical linkages, rather than reliance on complex, powered systems, has
been reimagined and applied to industrial processes.

This mechanical automation involves an aesthetic philosophy, kinematic principles, and
craftsmanship innovation. One of the earliest documents similar to this appears |in the
Chronicles of Japan (Nihon Shoki), which represents a chariot presented to the Japanese
Emperor. This has several levels of mechanical sophistication and social function.

Zashiki Karakuri (salon automata):
These indicate an important robot that encompasses domestic clockwork servants, such as

the famous tea-serving robot. Upon placing a cup on its tray, it moves along a defined
distance, bows, and returns once the cup is removed (The Vintage News, 2016).

Dashi Karakuri:
This involves puppets mounted on festival floats to demonstrate mythological scenes. This

blends mechanical precision with culture (WEPA UNIMA, 2018).

Butai Karakuri:

Clockmaker Takeda Omi introduced Theater automata on May 25, 1662 for stage performances
in Osaka’'s Dotonburi district. This influenced theatrical and mechanical development(WEPA
UNIMA, 2018).

The Tanaka Hisashige Legacy and Industrial Connections

Tanaka Hisashige, the “Karakuri Giemon” or “Thomas Edison of Japan’, created dolls powered by
springs, pneumatics, and hydraulics right from the age of 20. These demonstrated complex
movements, including the Yumi-Hiki Doji (arrow-shooting boy) and Moji-kaki doll (letter-writing
doll), for precision calligraphy. His works bridged theoretical Karakuri and modern
manufacturing.
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Evolution within the Toyota Production System

Toyota's adoption of Karakuri principles wasn't an overnight
phenomenon but a gradual integration driven by the continuous
improvement (Kaizen) philosophy. Within the TPS framework, the
relentless pursuit of eliminating Muda (waste), Mura
(unevenness), and Muri (overburden) naturally led to an
exploration of more straightforward, more robust, and cost-
effective automation solutions. Traditional, large-scale industrial
automation often requires significant capital investment,
specialised maintenance, and high energy consumption. Toyota
recognised that many repetitive, low-value-added tasks could
be automated using simpler, locally developed, and human-
centric mechanisms. This evolution involved adapting traditional
Karakuri principles to create manufacturing aids that optimise
material flow, reduce worker strain, and enhance safety, all while
minimising operational costs.

TGSINis a "living example of all Toyota Production System principles,” which form the
bedrock of its operational philosophy. The evolution of Karakuri is directly tied to the
coretenets of TPS

Jidoka (Automation with a Human Touch): This principle refers to intelligent automation that
stops upon detecting an abnormality, preventing defects and eliminating the need for
constant human oversight. Karakuri embodies Jidoka by automating tasks in a way that is
designed, built, and continuously improved by humans, keeping them central to the process
rather than removing them from it.

Just-in-Time (JIT): The philosophy of making only what is needed, when it is needed, and in
the amount needed is the essence of JIT. Karakuri devices are crucial enablers of JIT,
facilitating the smooth, synchronized flow of parts required for hyper-lean inventory systems,
such as the 35-minute stock levels observed at one Toyota group facility.

Kaizen (Continuous Improvement): Kaizen is the philosophy of continuous, incremental
improvement involving every employee at all levels. Karakuri is the physical manifestation of
Kaizen—it is the process of turning small, employee-driven ideas into tangible, low-cost
process improvements that collectively yield significant results.

Elimination of the "3Ms": The ultimate goal of TPS is to eliminate Muda (waste), Mura
(inconsistency), and Muri (overburden). Karakuri is a primary tool for achieving this,
particularly in addressing Muda and Muri.
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CORE PRINCIPLES OF KARAKURI

The essence of Karakuri lies in a few fundamental, yet powerful, principles:

The Prime Directive: Eliminating Muri (Overburden)

While Karakuri is a powerful tool for reducing all forms of waste (Muda), a primary and often
understated objective is the systematic elimination of Muri, the overburden and physical strain
on workers. This aligns directly with the TPS philosophy of making work easier and reducing
difficult jobs. Many Karakuri solutions are conceived with the explicit goal of improving
ergonomics, such as eliminating the need for strenuous lifting (as seen in the award-winning
telescopic lifting mechanism), reducing repetitive bending, or minimizing unnecessary motion
(Similar to lift up Karakuri in Figure 1,2, and 3). This focus on worker well-being is a critical factor in
overcoming resistance to change, as it provides a clear and immediate personal benefit to the
employee, repositioning automation as a tool for assistance rather than replacement.

PROJECT: INDUSTRIAL TROLLEY
LIFT-UP DESIGN

DRAWING ND: ATE-B * |

DATE: 2024,05.29

Figure 2: Lift up Karakuri Figure 3: Lift up Karakuri
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Kinematics: The Science of Motion

At its heart, Karakuri is an application of kinematics — the study of motion without considering its
causes (forces and masses). Karakuri devices utilise natural forces, such as gravity, the
momentum of moving parts (Figures 4 and 5), or simple mechanical linkages, to create desired
movements. For example, an object sliding down an incline might, at the bottom, trigger a lever
that lifts another component. This reliance on inherent physical laws makes Karakuri inherently
robust and energy-independent. The design process involves careful consideration of angles,
leverage points, and friction to ensure smooth and reliable operation. This contrasts sharply with
automation, which requires motors, sensors, and complex control systems.

I e i
=G TRANSFER kArakur ||

Figure 4: Multiple-Tray Transfer Karakuri Figure 5: Multiple-Tray Transfer Karakuri

Leveraging Standardised and Reusable Components

A cornerstone of Karakuri's cost-effectiveness and flexibility is | T

the use of standardised and reusable components. Unlike AUTO BOX TRANhsiFERJJ
custom-fabricated automation systems, Karakuri often utilises
off-the-shelf parts, structural elements, and even repurposed
scrap materials. This not only significantly reduces procurement
costs but also enables rapid prototyping and modifications. The
ability to "mix and match® components allows for quick
adaptation to new requirements or improvements. For instance,
a set of standard rollers, brackets, and bars can be reconfigured
for entirely different material handling tasks. This

standardisation also simplifies maintenance and spares

inventory management. Figure 6: Auto Box transfer Karakuri




The Imperative of Avoiding Fabrication

A critical principle in Karakuri thinking is the avoidance of custom fabrication wherever possible.
This means discouraging the creation of unique, single-purpose parts or structures. Instead,
designers are trained to look for ways to achieve the desired function using existing, standard
components or by clever modification of readily available materials, including scrap. This "no
fabrication” rule minimises design time, material waste, and manufacturing lead times for the
Karakuri device itself. It enforces a discipline of ingenious repurposing and creative assembly
over bespoke engineering.

Designing for Multiple Assemblies

Following the principle of reusable components and avoiding fabrication, Karakuri designs are often
conceived with the flexibility to serve different assemblies using the same components. This
modularity is key to Toyotad's culture of continuous improvement. If a product model changes or a
process is re-engineered, the Karakuri device isn't scrapped; its components are dismantled and
reassembled into a new configuration for a different task or even a different product line. This
capability extends the lifespan of the initial investment and significantly contributes to waste
reduction, embodying a circular economy approach within the factory. The concept of "Gurudhama”
(multiple models from the same components) (Figure 7) is a direct application of this principle,
ensuring that components are not thrown away but rather reused.

Figure 7: Gurudhama
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CHALLENGES IN KARAKURI THINKING

While the principles of Karakuri offer immense benefits, adopting
this mindset presents its own set of challenges:

e Shifting Mindset: Engineers and workers accustomed to conventional automation
may initially find it challenging to think purely mechanically and without external
power sources. It requires a fundamental shift from "what technology can do" to
"what mechanical principles can achieve.”

e Creative Problem Solving: Karakuri demands a high degree of creativity and
ingenuity to identify mechanical solutions for seemingly complex problems. It's
about looking at a problem from a different angle and challenging conventional
automation solutions.

e |carning from Failure: Initial Karakuri prototypes may not work perfectly. The
willingness to iterate, learn from failures, and continuously refine designs is crucial.
Toyota's culture embraces failure as a stepping stone to improvement, openly
discussing issues in quality circles. The example of the bumper breakage, where
"willing to tolerate the loss in the process of creation for 15 days’, highlights this
iterative approach.

e Understanding Physics: An intuitive grasp of core mechanical principles such as
gravity, friction, leverage, angles, and roller dynamics is critical for effective
Karakuri design. Factors like roller size, surface friction, and inclination directly
influence smooth movement and the risk of jamming.

e Resistance to Change: Even within highly innovative environments like Toyota, there
can be initial resistance to new ways of working, particularly from those
comfortable with existing processes or those who perceive manual solutions as
less "advanced.” This requires clear communication of benefits to all stakeholders.

Addressing these challenges through targeted training, a supportive cultural environment, and
clear demonstration of benefits is crucial for successful Karakuriimplementation.
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| THE KARAKURI MINDSET |

Attitude and Culture

The success of Karakuri Kaizen at Toyota is not solely a testament to mechanical ingenuity; it
is profoundly rooted in a unique organisational culture that champions continuous
improvement, worker empowerment, and a shared commitment to efficiency. This section
examines the critical attitudes and cultural elements that enable Karakuri to thrive.

Fostering Psychological Safety and Well-being

Beyond the physical safety of the workplace, a more profound form of safety is essential for
innovation: psychological safety. This is the shared belief that team members will not be
punished or humiliated for speaking up with ideas, questions, concerns, or mistakes. At TGSIN,
this is not an abstract concept but a practiced reality. The explicit culture of "Open
communication and mistake acknowledgement” creates an environment where failure is
treated as a learning opportunity, not a punishable offense.

A powerful example of this is the response to a critical component being forgotten for the next
day's production. Rather than assigning blame, the problem was immediately declared as
the "ownership of the entire plant,” and every employee collaborated to solve it within an hour.
This no-blame, collective problem-solving approach is what makes workers feel safe. This
feeling is further reinforced by the explicit corporate policy that "automation is never used to
downsize the workforce”. When employees are secure in their jobs and feel safe to
experiment, they are far more likely to engage in the iterative, trial-and-error process that is
essential for developing novel and effective Karakuri solutions. This foundation of trust is the
true engine of continuous improvement.




GREAT
LAKES

N

CHENNAI

Worker Engagement and Empowerment

A distinguishing feature of Karakuri is its intrinsic link to the frontline workforce. Unlike traditional
automation, which can often be seen as a top-down implementation, Karakuri thrives on
bottom-up innovation.

Involving Workers in Decision-Making

Toyota's philosophy recognises that the individuals performing the work daily often possess
the most profound insights into process inefficiencies and potential solutions. As Production
Head emphasised, "workers involved in decision-making, as they know better." This belief is
fundamental to Karakuri. Employees are not just operators; they are encouraged to observe,
identify "muda” (waste), and propose solutions. This active involvement transforms them from
passive implementers into active innovators. Karakuri designs frequently originate from ideas
suggested by assembly line workers who meticulously observe bottlenecks, ergonomic issues,
or material flow problems.

Overcoming Resistance to Change

Even in highly progressive environments, "there is resistance, even in Japan.” Change,
regardless of its perceived benefits, can be met with scepticism or reluctance. To counter this,
Toyota emphasises the clear articulation of personal benefits for workers. When new Karakuri
solutions are proposed, the immediate advantages for the individual are highlighted:

e Reduced motion and effort: Karakuri often eliminates strenuous or repetitive tasks,
making work physically easier. For example, a gravity-fed material presentation
system reduces the need for workers to bend or lift heavy components.

e Enhanced safety: By redesigning material flow or tool presentation, Karakuri
directly addresses safety concerns. Safety incidents among workers have led to
the global adoption of remedial measures. This shows how a single safety concern
can drive widespread, tangible improvements. Karakuri inherently promotes Man-
Machine separation to ensure worker safety.

e Improved comfort: Ergonomic considerations are paramount. Karakuri can optimise
the height of workpieces or the presentation of tools, reducing strain and fatigue.

By demonstrating these direct, personal advantages, resistance is significantly mitigated,
fostering an environment where workers want to adopt and even develop Karakuri solutions.




Benefits for the Individual Worker: Motivation and Recognition

Beyond the intrinsic benefits of easier and safer work, Toyota employs robust recognition
systems further to motivate worker involvement in Karakuri and Kaizen activities:

e Monetary awards: Cash awards are given for implemented ideas that yield
significant savings or improvements.

e Recognition and appreciation: Employees whose ideas are adopted are publicly
recognised. This includes formal recognition at team meetings, "department best
performers” accolades, shields, and "Thank you" cards. This immediate recognition
reinforces the value of their contributions.

e Quarterly appreciation: A structured system of Appreciation every Quarter ensures
consistent acknowledgement of innovative contributions. This continuous
feedback loop reinforces the culture of improvement.

This combination of practical benefits and systematic recognition transforms Karakuri from a
technical initiative into a powerful tool for employee engagement and morale.

Management's Role and Support

While worker-led innovation is crucial, strong management support is the backbone of
Karakuri's success. Management's role extends beyond merely approving budgets; it involves
active participation, trust in the workforce, and a long-term strategic vision.

e Enabling Environment: Management creates an environment where
experimentation is encouraged, and failure is viewed as a learning opportunity
rather than a punitive event. This willingness to "tolerate the loss in the process of
creating Karakuri for 15 days” demonstrates a profound commitment to innovation
and iterative development.

e Resource Provision: Management ensures that workers have access to the
necessary scrap materials, standardised components, and basic tools required for
Karakuri development. The existence of a "Centre of Excellence” for Karakuri within
Toyota (TGSIN Machine + Karakuri list: Total Machines - 29, TPS Karakuri - 17
(revisions done), Remaining - 12 (undergoing changes)) highlights institutional
support for this approach.

e Active Engagement: Managers often participate in Gemba (Go to the actual place)
walks, observing processes firsthand and providing guidance and encouragement
to teams developing Karakuri solutions.

e Strategic Alignment: Management ensures that Karakuri efforts align with broader
business goals, such as cost reduction, quality improvement, and sustainability
targets.
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Fostering a Culture of Continuous Improvement (Kaizen)

Karakuri embodies Kaizen, the philosophy of continuous, incremental improvement. It's not
about achieving perfection but about constant progress.

Quality Circles and Incident Reporting

Toyota's robust quality circles are crucial forums where problems, defects, and improvement
ideas are openly discussed and addressed. When defects occur (categorised as Critical,
Functional, or Aesthetics), swift action is taken. For instance, any defect with a 0.5 PPM (Parts
Per Million) occurrence rate is considered significant, and aesthetic defects are also
meticulously tracked. A strict policy of reporting critical incidents within 24 hours globally
ensures the rapid dissemination of information and facilitates collective problem-solving. This
system was exemplified by the safety incidents that led to a global policy change requiring
workers handling similar materials to wear toughened glasses.

Global Implementation of Safety Learnings

The "Any safety implementation they do it globally” policy is a testament to Toyota's
commitment to worker safety and its ability to learn and adapt rapidly across its worldwide
operations. This ensures that a safety improvement derived from a Karakuri insight in one plant
can benefit all Toyota facilities, reinforcing the culture of shared learning and proactive risk
mitigation. This proactive approach underscores the value placed on human well-being and is
a direct outcome of the continuous improvement mindset fostered by Karakuri.




POLICIES, TRAINING
AND IMPLEMENTATION

Successful integration of Karakuri into an operational framework requires more than just
mechanical ingenuity; it demands supportive policies, specialised training, and a structured
implementation approach. This section details these critical aspects.

Policy-Level Implications of Karakuri

For Karakuri to thrive beyond isolated projects, it needs to be supported by organisational
policies that recognise its value and facilitate its adoption.

e Decentralised Decision-Making: Policies that empower front-line teams to identify
problems and propose solutions are essential. This contrasts with highly centralised
decision-making processes standard in traditional manufacturing.

e Budgetary Allocation for Small Improvements: While Karakuri is low-cost, it still requires
resources. Policies should allow for agile allocation of small budgets for materials and
experimental prototypes, rather than demanding extensive business cases for minor
improvements. The approximate cost of Karakuri (280,000) compared to conventional
automation (25 lakhs for Cobot automation) makes this more feasible.

e \Waste as a Resource Policy: A policy that encourages and facilitates the reuse of scrap
materials [uses scraps extensively, Karakuri with Scrap (70%)] is vital. This turns what
would traditionally be considered waste into a valuable resource for Karakuri
development, fostering a circular economy approach within the factory.

e Information Sharing and Knowledge Management: Policies promoting the sharing of
Karakuri designs and successful implementations across different departments and
even global facilities are crucial. This includes systems for documenting ideas,
considerations for choosing solutions, and Job instructions (TJI) for dismantling and
assembling Karakuri devices. The TG Global Karakuri Competition (1st prize in “0” power
Karakuri by robot parallel movement for tray lifting serves as a powerful mechanism
for internal knowledge transfer and recognition globally.
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Specialised Training Regimens for Karakuri Thinking

Developing the "Karakuri mindset” requires targeted training that goes beyond conventional
engineering education.

e ’'Genchi Genbutsu” and Gemba Walks: Training heavily emphasises "“Go and See”
(Gemba). Trainees are taught to spend significant time on the shop floor,
observing processes, identifying waste (muda), and understanding the precise
challenges faced by workers. This direct observation is critical for conceptualising
practical Karakuri solutions.

e Skill Mapping and Toyota Job Instructions (TJ1): Comprehensive Skill Mapping helps
identify employees with the aptitude for mechanical problem-solving and design.
These individuals then receive specialised training. The concept of TJI [to dismantle
and assemble, with Toyota Job Instructions (TJ1)] ensures that Karakuri designs are
not only built but also documented for replication, maintenance, and future
modification.

e Hands-on Workshops and Prototyping:
The core of Karakuri training involves
hands-on experimentation. Participants
are encouraged to build simple
Karakuri devices using basic materials,
understanding principles such as
length, angle, and roller friction, and

how these principles impact
movement. They learn to identify
scenarios where big rollers might lead
to components getting stuck versus

small rollers leading to smoother
movement.

Figure 8: Tool Maintenance

e [ocus on Elimination of Muri: Training directly addresses the reduction of Muri
(overburden). Participants are taught to design Karakuri solutions that eliminate
physical strain or unnecessary effort for workers, such as developing systems that
require fewer strokes but achieve more elevation by using multiple pulleys.

e Japan-based Training: Exposure to established Karakuri practices is invaluable. Some
senior officers in automation underwent a one-month training program in Japan to
immerse themselves in the Karakuri philosophy and its implementation practices. This
deep dive focuses on the implementation, maintenance, and sustenance of Karakuri
solutions.




Karakuri Development Steps

The journey from problem identification to a fully functional Karakuri solution follows a
structured, iterative process:

e Requirement Identification: The process begins with identifying a specific problem
or inefficiency on the assembly line. This often comes from worker suggestions,
Gemba observations, or quality circle discussions.

e Karakuri comes in Incremental Steps: Solutions are rarely designed as a complete,
complex system from scratch. Instead, Karakuri is developed incrementally,
starting with simple prototypes and gradually adding complexity as needed.

e Include Stakeholders: From the outset, stakeholders — especially the workers who
will interact with the Karakuri device, are actively involved . Their insights are
crucial for effective design and the smooth adoption of new solutions.

e Prototyping and Trials: Initial protosamples are designed + developed, and trials
are conducted before implementation. This allows for testing, identifying flaws, and
refining the design in a controlled environment.

e Failure as Motivation for Change: Toyota embraces the philosophy that failure is
motivation for change. If a prototype doesn't work, it's not a setback but an
opportunity to learn and improve. Discussions in quality circles are crucial for
analysing failures and collectively developing more effective solutions.

e Ready for Change Even Before Depreciation: There's a willingness to implement
improvements even if existing equipment hasn't reached its depreciation limit. Old
components are not thrown away but reused for new Karakuri applications,
reinforcing the principles of circularity and continuous improvement.
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Addressing Failures and Challenges

Failures are an inherent part of the innovation process, particularly with Karakuri's iterative
development approach. Toyota's approach to failures is proactive and systemic:

e Open Discussion: Failures are not hidden but openly discussed within quality
circles. This fosters a culture of transparency and collective problem-solving.

e Root Cause Analysis: Teams thoroughly investigate the root causes of failures. For
example, damage to bumpers might lead to a re-evaluation of the contour
decided based on part-weight distribution, shape, size, or roller friction issues.

e Global Learning: Any critical safety failure or improvement discovered is reported
within 24 hours globally, leading to rapid, worldwide implementation of corrective
measures. This proactive approach ensures that one plant's learning benefits the
entire Toyota network.

e Continuous Monitoring and Upgrade: Karakuri solutions are not static. Their
performance is monitored for an average time of 2-3 months to ensure sustained
effectiveness. Based on performance, feedback, and new requirements, Karakuri
solutions undergo an average upgrade every 6 months. This constant refinement
ensures optimal performance and adaptability.

The TOYODA Global Karakuri Competition

The TG Global Karakuri Competition is an internal initiative that actively promotes and
celebrates Karakuri innovation across Toyota's global operations. Winning Ist prize in
Telescopic Lifting demonstrates a successful application where a telescopic lifting mechanism,
utilising multiple pulleys, achieved a shorter stroke but greater elevation. This competition not
only fosters healthy competition and knowledge sharing but also provides a platform for
identifying and scaling the most impactful Karakuri innovations, further embedding the
Karakuri culture throughout the organisation.
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KARAKURI'S IMPACT ON
BUSINESS GOALS AND OPERATIONS

The accurate measure of Karakuri's effectiveness lies in its tangible impact on core business
objectives and day-to-day operations. Far from being a mere philosophical exercise, Karakuri
delivers measurable improvements across various key performance indicators (KPIs).

Operational Efficiency and Process Change

Karakuri directly targets operational inefficiencies, resulting in streamlined processes and
enhanced workflow.

Optimising Layouts and Part Flow

A significant application of Karakuri is in optimising the physical layout of the assembly line
and the flow of parts. Mainly, the Part flow is changed through Karakuri, making it more
ergonomic, efficient, and direct. In contrast, Machines are changed rarely, indicating that
Karakuri focuses on brilliant material handling and presentation rather than large-scale,
disruptive equipment overhauls. Examples include gravity-fed chutes for smaller components
or specialised trolleys that present parts at the optimal height and orientation, reducing worker
motion. This focus on material and information flow (MIFC — Mono-Joho) is crucial.

Order Generation Time Reduction

The efficiency of Karakuri contributes significantly to faster response times for new orders. The
Order generation time (every new order) is reduced to 3-6 minutes, indicating a highly agile
and responsive production system. This rapid response is supported by revised MRP (Material
Requirements Planning) systems, which are kept dynamic to align with the principles of just-
in-time manufacturing.
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Machine Utilization

Despite a strong focus on manual dexterity and Karakuri, Toyota maintains high machine
utilisation rates.
e High Utilization: Overall equipment effectiveness averages to 83%. Machine
utilisation efficiency increased by 2% to 3% solely due to tray Karakuri system.
e Instantaneous Utilisation: The system aims for 21 hours of Instantaneous machine
operation, allowing 3 hours of break for food for workers. This high uptime is partly
facilitated by Karakuri's reduction of bottlenecks and material handling delays.

e Cross-Functional Support: Toyota trains non-production personnel including
drivers, security, etc. This enables them to maintain production at normal levels
even in situations where there is absenteeism or unavailability of workforce for
around 15% to 25% or beyond. Employees at the top levels of hierarchy also work in
production as and when required. This cross-training complements Karakuri by
maintaining a continuous flow.

Cost of Implementation and Financial Benefits

One of the most compelling aspects of Karakuri is its low cost of implementation relative to its
high return on investment.

Procurement and Internal Credit Systems

The emphasis on using scraps extensively (70% Karakuri with Scrap) means that procurement
costs for Karakuri are minimal. When new components are needed, they are often
standardised and inexpensive. The internal system for Who does, who gives credit ensures that
the individuals or teams responsible for developing Karakuri solutions are appropriately
recognised and incentivised for their cost-saving contributions.

Cost Savings: 80,000 for Karakuri vs. 5 lakhs for Cobot automation

This stark contrast highlights Karakuri's financial advantage. A typical Karakuri solution costs
approximately 280,000. In comparison, a similar automation solution using conventional
robotics (like a Cobot automation system) might cost 25 lakhs (625% higher). This significant
cost differential makes Karakuri a desirable option, especially for companies looking to
implement automation incrementally and with limited capital expenditure. The return on
investment for Karakuri is often very rapid due to these low upfront costs. There are huge
savings from Fixed costs, related to energy consumption or space, which further enhance the
financial benefits.




Function-Wise Applications and Scope

Karakuri finds applications across various functions within the assembly line:

e Material Handling: Moving parts from one station to another, lifting components, and
feeding parts to machines. Trolley Reduction is a direct outcome of optimising material
flow.

e Assembly Assistance: Presenting components at the right angle for easier assembly,
holding parts in place.

e [nspection and Quality Control: Simple mechanisms to present parts for visual inspection.

e Safety Enhancements: Creating physical barriers or preventing access to hazardous areas
when machinery is in operation.

Karakuri has a wide range of applications. However, these systems require high precision,
understanding of kinematic precision, and generation of high force, which is not possible by
simple mechanisms.

Reduction of Muri (Overburden)

Karakuri inherently aims to reduce Muri, the overburden on machines or operators. By
optimising material flow and presenting parts ergonomically, it minimises unnecessary
physical strain, excessive movement, and idle time for workers. The benefits explained to
workers include reducing motion and effort, as well as directly addressing Muri, leading to a
more comfortable and sustainable work environment.

Quality Improvement (0.5 PPM aesthetic defects)

While Karakuri primarily focuses on movement and material flow, it indirectly contributes to
quality. By standardising part presentation, reducing manual handling errors, and ensuring
components are always in the correct orientation, Karakuri can help achieve high-quality
standards. The ability to maintain 0.5 PPM for aesthetic defects worldwide demonstrates
meticulous attention to detail, where Karakuri can play a role in presenting parts consistently
for inspection or handling. The fact that any Critical, Functional, or Aesthetics defect must be
reported within 24 hours globally underscores the emphasis on maintaining high quality.

Demand Variation Management (Toyota 2% vs. Others 5% to 10%)
Toyota's production system, supported by Karakuri's flexibility, is designed to manage demand
variations with remarkable precision. Toyota typically experiences a 2% variation in production
from its demand forecast. In contrast, other companies may experience a 5% to 10% variation,
highlighting Toyota's superior ability to adjust production volumes efficiently without sacrificing
quality or incurring significant additional costs. Karakuri's adaptable nature, which enables layout
changes where the part flow is mostly altered, contributes to this flexibility, allowing the system to
scale up or down without requiring major reconfigurations. This will enable Toyota to effectively
balance its demand/production variation to meet demand at any cost, despite variations.
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KARAKURI AND SUSTAINABILITY

Economic, Environmental, and Social Impact
(Triple Bottom Line - TBL)

Karakuri Kaizen stands as a powerful testament to how operational efficiency can directly
translate into comprehensive sustainability, addressing all three dimensions: economic,
environmental, and social. Its principles are inherently aligned with a circular economy and
responsible manufacturing.

The Triple Bottom Line (TBL) Impact

Karakuri delivers a clear positive impact across all three pillars of sustainability:

e [Economic: Through drastic cost reductions in automation, minimal energy costs, and the
use of free scrap materials, Karakuri provides a strong economic advantage and a rapid
return on investment.

e [Environmental: By operating without power, reducing the demand for virgin materials
through scrap reuse, and enabling a circular economy through component reusability,
Karakuri significantly minimizes the environmental footprint of manufacturing operations.

e Social: The philosophy enhances the social dimension by creating a safer, more
ergonomic work environment, preserving jobs by augmenting rather than replacing
human workers, and empowering the workforce through engagement and skill
development.

Mapping to the UN Sustainable Development Goals (SDGs)

The United Nations Sustainable Development Goals (SDGs) provide a global blueprint for a
sustainable future. While driven by operational objectives, the methods and outcomes of the
Karakuri Kaizen system directly contribute to several of these critical goals. This alignment
demonstrates how focused, shop-floor-level decisions can have a meaningful impact on
global challenges. The following table maps TGSIN's specific practices to the relevant SDGs,
translating corporate actions into the language of global sustainability.




Goal 3: Good
Health and

Well-being

Ensure healthy lives
and promote
well-being for all at all
ages.

Ergonomic Design: Karakuri is fundamentally used to reduce Muri
(overburden), eliminating strenuous lifting, bending, and repetitive
motions, thereby reducing the risk of workplace injuries and improving
long-term employee health.

Enhanced Safety: The principle of man-machine separation and
proactive safety measures create a safer physical work environment.

Goal 7: Affordable
and Clean Energy

Ensure access to
affordable, reliable,
sustainable and
modern energy for all.

Power-Free Automation: Karakuri devices operate without electricity,
pneumaitics, or hydraulics. This leads to huge energy savings thereby
reducing the factory's energy demand and carbon footprint. This
complements the company's use of 95% green power.

Goal 8: Decent Work
and Economic
Growth.

Promote sustained,
inclusive and
sustainable economic
growth, full and
productive
employment and
decent work for all.

Job Preservation & skill Enhancement: TGSIN has an explicit policy that
“automation is never used to downsize the workforce”. Karakuri
augments human roles, freeing employees for higher-value tasks like
problem-solving and innovation, thus promoting job security and skill
development.

Safe & Inclusive Work Environment: The "Respect for People” culture,
mistake acknowledgement, and extreme cross-functional training
create a decent, safe, and empowering work environment.

Goal 9: Industry,
Innovation and
Infrastructure.

Build resilient
infrastructure,
promote inclusive and
sustainable
industrialization and
foster innovation.

Frugal Innovation: Karakuri represents a model of sustainable
industrialization that does not rely on high capital expenditure, making
innovation accessible to SMEs. The "Karakuri First” policy institutionalizes
this innovative mindset.

Resilient Processes: The flexibility of Karakuri systems allows for rapid

reconfiguration of production lines to meet changing demands,
building operational resilience.

Goal 12: Responsible
Consumption and
Production

Ensure sustainable
consumption and
production patterns.

Circular Economy in Practice: Karakuri devices are built with up to 90%
scrap materials, turning waste into a valuable resource.

Waste Elimination (Muda): The entire TPS philosophy is geared towards
eliminating waste in all forms, from overproduction to defects (15 PPM),
directly aligning with sustainable production.

Component Reusability: Karakuri are designed with standardized,
reusable parts, ensuring that components are reconfigured for new
models rather than discarded, maximizing material lifecycle.

Goal 13: Climate
Action

Take urgent action to
combat climate
change and its
impacts.

Reduced Carbon Footprint: The direct reduction in energy consumption
from power-free Karakuri automation leads to a corresponding
decrease in greenhouse gas emissions, contributing to climate
change mitigation.
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Material and Waste Reduction

Karakuri's most direct and impactful contribution to sustainability is its relentless focus on
reducing material consumption and converting waste into valuable resources.

Utilising Scraps Extensively

A hallmark of Karakuri is its ingenious reliance on readily available and often discarded
materials. The statistic that 90% of materials used in some Karakuri applications come from
scraps extensively highlights a profound commitment to waste repurposing. This includes
metal offcuts, plastic remnants, and even discarded machine parts. This approach drastically
reduces the demand for virgin materials, minimises landfill waste, and provides a virtually free
source of construction material for new Karakuri devices. It embodies the principle of
"identifying waste" and "making use of it" directly on the shop floor.

Reusability of Components (How can the same components be reused
for different models?)

The question is, "How can the same components be reused for different models? It is central to
Karakuri's sustainable design philosophy. Karakuri devices are built using standardised,
modular components that can be easily disassembled and reconfigured for entirely different
applications or product lines. This means that when a process changes or a product model is
updated, the Karakuri device isn't discarded. Instead, its parts are repurposed, maximising the
lifecycle of materials and minimising waste generation. This "ready for change even before
depreciation” mindset ensures that components are not thrown away but reused, contributing
to long-term resource efficiency.

Energy Efficiency and CO2 Reduction

Karakuri's power-free nature makes it an inherently energy-efficient solution, resulting in
significant reductions in its carbon footprint.

Reduced Power Consumption

Since Karakuri operates purely on mechanical principles (gravity, leverage, momentum), it
requires no electricity, pneumatics, or hydraulics. This direct elimination of power demand
translates into tangible energy savings. Scaling this across multiple Karakuri implementations
results in substantial overall energy consumption reductions for the plant, directly lowering
operational costs and environmental impact.

Green Power Initiatives (95% extensive green power)

Toyota's commitment to sustainability extends beyond Karakuri to broader energy sourcing.
The fact that the facility operates on 95% renewable energy demonstrates a strong corporate
commitment to sustainable energy sources. Karakuri complements this by reducing the
overall energy demand, making it easier to achieve and maintain high percentages of green
power utilisation.




Power Trading for Green Energy

Power trading for green power indicates an approach to energy management, where the
company actively participates in green energy markets. This shows companies’ commitment
to reducing their carbon footprint through green power initiatives. Use of Karakuri augments
this process by minimising the energy requirements. The cumulative effect of these reduces
the overall carbon footprint.

Space Optimisation (e.g. 3x volume Inc, 20% space saved)

Karakuri solutions often lead to more efficient use of floor space, which is a premium in
manufacturing environments.

e Compact Designs: Karakuri mechanisms are often compact and integrate
seamlessly into existing lines, eliminating the need for large, bulky automation
equipment.

e Optimised Material Flow: By streamlining material movement and presentation,
Karakuri can reduce the need for extensive buffer areas or large storage racks on
the line. Examples include a 3x volume increase (perhaps due to material density
or throughput in a given area) and a 20% space saved with specialised trolleys
(which are likely designed for optimal footprint and material presentation). This
reduction in required physical space translates into lower facility costs and a more
efficient operational footprint.

Social Impact and Employee Well-being

Beyond economic and environmental benefits, Karakuri significantly enhances the social
dimension of sustainability by improving the working environment and empowering
employees.

Man-Machine Separation for Safety (Member working under crane
bay is eliminated)

Karakuri is often designed with inherent safety features that create a more apparent
distinction between human operators and moving parts. This Man-Machine Separation
minimises the risk of accidents. There is always a serious emphasis on the importance of
safety and how such incidents drive systematic improvements, often through Karakuri-like
solutions that redesign interactions between workers and processes.
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Job Preservation Despite Automation (despite automation,
employees are not fired)

A critical social impact of Karakuri, particularly when compared with conventional automation,
is its emphasis on augmenting human capabilities rather than replacing them. The explicit
statement that despite automation, employees are not fired underscores Toyota's
commitment to its workforce. Karakuri aims to eliminate strenuous or repetitive tasks, allowing
workers to focus on higher-value, more cognitive functions, such as problem-solving, quality
control, and even the design of Karakuri itself. This fosters job security and demonstrates a
humane approach to technological advancement.

Reduced Motion and Effort for Workers

physical strain on workers. By automating simple movements like pushing, pulling, lifting, or
rotating, Karakuri reduce motion and efforts for employees. This leads to less fatigue, fewer
repetitive strain injuries, and a generally more comfortable and productive working
environment. The objective of personal benefit for self (workers) to reduce the resistance is
directly tied to these ergonomic improvements.

The comprehensive benefits of Karakuri, spanning cost savings, waste reduction, energy
efficiency, space optimisation, and enhanced worker safety and morale, firmly establish it as a
cornerstone of Toyota's sustainable manufacturing strategy and a compelling model for
industries worldwide.
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INSIGHTS AND CASE STUDIES

To provide a concrete understanding of Karakuri's application and impact, this section
presents specific examples from Toyota's operations. These case studies illustrate the
ingenuity, benefits, and problem-solving approach inherent in Karakuri Kaizen.

Problem: Lifting components to varying heights on the assembly line often required manual
effort or expensive, powered lifting devices. The goal was to achieve greater elevation with
minimal input stroke.

Karakuri Solution: Toyota developed a Telescopic lifting mechanism. This device utilised a
clever arrangement of multiple pulleys and counterweights. As a small initial manual or
gravitational pull (with less stroke) was applied, the system mechanically amplified the
vertical movement, achieving greater elevation for the component.

Insights

e Mechanical Advantage: This case demonstrates the power of mechanical advantage
derived from simple machines like pulleys to achieve significant work with minimal input.

e Cost-Effectiveness: Such a system costs significantly less than hydraulic lifts or robotic
arms. The Karakuri cost was approximately 80,000, a fraction of the 25 lakhs for Cobot
automation.

e Ergonomic Improvement: It eliminated manual lifting strain for workers, directly addressing
Muri (overburden) and improving worker safety and comfort.

e Innovation Recognition: The fact that it was recognised globally in TG group underscores
the value Toyota places on such ingenious, low-tech solutions.
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Case Study 2: Bumper Handling Improvement

Problem: Handling painted and moulded car bumpers on the assembly line led to
breakage/damage due to their delicate finish, complex contours, and varying weight
distribution. Traditional conveyors or manual handling caused aesthetic defects.

Karakuri Solution: Toyota designed in-house specialised trays that perfectly matched the
contours, determined based on the part-weight distribution, shape, and size of each bumper
model. These trays were incorporated into Karakuri mechanisms, likely gravity-fed or
passively guided systems. To prevent surface damage, Protector Tape was used to secure the
cushion and prevent direct contact with the tray surface. Furthermore, attention was paid to
the Length, angle, and roller friction. The understanding that big rollers increased the chances
of getting stuck while small rollers might cause stuck issues led to an optimised design with
less space in the Rollers to ensure a Smooth Drop, ensuring the bumpers moved smoothly
without damage.

Insights:

e Customised for Quality: This Karakuri was specifically engineered to address
aesthetic defects (a critical quality KPl aiming for 0.5 PPM).

e Damage Prevention: By ensuring smooth drop and secure holding, the Karakuri
directly eliminated a source of Damage during material handling.

e Detailed Engineering: Even within "simple” Karakuri, there is meticulous engineering in
understanding factors like weight distribution, shape, and surface friction.

e Tolerance for Experimentation: The willingness to "tolerate the loss in the process of
creation for 15 days” highlights the iterative trial-and-error approach taken to perfect
such specialised solutions.




Problem: Excessive use of trolleys for material transport often led to clutter, inefficient space
utilisation, and unnecessary motion for workers fetching parts.

Karakuri Solution: Through the strategic implementation of Karakuri, Toyota achieved a
significant Reduction in Trolley Usage. This was done by designing Karakuri systems that
optimised the Material & Information Flow (MIFC - Material and Information Flow / Mono-
Joho). Instead of requiring trolleys to ferry parts, Karakuri systems were built to bring
components directly to the point of use through gravity chutes, slides, or integrated
conveyors. This also included implementing Specialised Trolleys that were “fool-proof”
(designed to prevent errors) and much (likely implying a substantial increase in material
density or volume per trolley), saving 20% space in (the assembly area)and enabling 3x
volume increase in material handling capacity within the same footprint.

Insights:
e Space Optimisation: A direct impact of Karakuri is the Space saved, leading to
more organised and efficient factory layouts.
e Reduced Non-Value-Added Activities: Eliminating unnecessary trolley movements
reduces muda (waste of motion and transportation).

e |Improved Material Flow: By integrating material movement into the line design,
Karakuri ensures components are available precisely when and where needed.

e Safety Improvement: Fewer trolleys mean less congestion and a safer working
environment (Man Machine Separation).
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Case Study 4: Production Head and Production Engineer’s Contributions

Handling painted These individual anecdotes highlight the human element crucial to Karakuri's
success.

Production Head’s Role:

e 3M Thinking (Muda, Mura, Muri): Employees think in line with the principles of
eliminating Muda (waste), Mura (inconsistency), and Muri (overburden). The goal is
accelerated by Karakuri in multiple ways, such as repurposing and reusing materials,
minimising power consumption, etc. Once a problem is identified, Production Engineer
and Karakuri expert assist with devising the solution.

e Worker Empowerment Advocate: Production Head championed the idea of workers
being involved in decision-making because they know better. He understood that
there is resistance but emphasised the explained benefit for the self (workers) to
reduce the resistance. This led to explaining benefits such as lowering motion, effort,
and establishing Monetary recognition through cash awards, as well as recognising
department best performers.

Person In Charge (PIC)'s Role:

e Practical Implementation Leader: Production Engineer oversaw the practical aspects
of Karakuri implementation, including Trials conducted before implementation and
ensuring that Protosamples are designed + developed.

e Layout Change Expertise: Mostly Part flows are changed with Karakuri, while Machines
are changed rarely, emphasising the focus on material movement over equipment
replacement.

Insights:

e leadership and Advocacy: The contributions of individuals like Production Head and
Engineer are vital in fostering the Karakuri culture on the ground.

e Holistic Approach: Karakuri thrives when integrated with foundational lean practices
like 5S and when leaders actively champion worker involvement.

e Practicality and lteration: The emphasis on trials and prototypes reflects a pragmatic,
iterative approach to problem-solving.

® These case studies collectively demonstrate that Karakuri is not just about complex
mechanics; it's about solving real-world problems with simple, effective, and human-
centric solutions, deeply embedded in a culture of continuous improvement and
employee empowerment.

These case studies collectively demonstrate that Karakuri is not just about complex mechanics;
it's about solving real-world problems with simple, effective, and human-centric solutions, deeply
embedded in a culture of continuous improvement and employee empowerment.




CROSS-INDUSTRY RELEVANCE

A Blueprint for Broader Adoption

The principles underlying the success of Karakuri Kaizen - frugal innovation, human-centricity,
and systems thinking, are universal and not confined to automotive manufacturing. The core
philosophy offers a powerful blueprint for improvement across a wide range of industries.

Logistics and Warehousing

In logistics and warehousing, where workers frequently handle heavy loads and perform
repetitive movements, Karakuri can be transformative. Applications include gravity-fed
conveyor systems for moving packages, simple mechanical sorting mechanisms, and
ergonomic aids for order picking that present totes at optimal heights. The benefits include a
lower capital cost compared to fully automated systems, greater flexibility for reconfiguring
layouts as demand patterns change, and a significant reduction in the physical strain and risk
of injury for warehouse staff.

Healthcare and Pharmaceuticals

The healthcare environment demands precision, safety, and efficiency. Karakuri can be
applied to create simple mechanical devices that present surgical tools in the correct
sequence, gravity-fed dispensers for medical supplies in hospital wards, and ergonomic carts
that reduce the pushing and pulling strain on nurses and support staff. Such applications can
improve process flow, reduce the risk of human error through mistake-proofing (Poka-Yoke),
enhance patient and staff safety, and help mitigate the high rates of burnout and physical
injury common in the healthcare profession.
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Food Processing and Packaging

In food processing, where hygiene and energy efficiency are paramount, Karakuri offers robust
solutions. Gravity-based systems can move raw ingredients, mechanical guides can align
products on packaging lines, and simple devices can orient items for labeling, all designed for
easy cleaning and maintenance. In wet or refrigerated environments, the absence of complex
electronics increases reliability and safety. The benefits include reduced energy costs,
improved food safety by minimizing manual contact, and increased line efficiency.

Electronics Assembly

The assembly of small electronic components often involves highly repetitive tasks that can
lead to significant ergonomic stress and repetitive strain injuries. Karakuri jigs and fixtures can
be designed to present circuit boards and components at optimal ergonomic angles for the
worker. Gravity-fed part bins can bring tiny components directly to the assembly point,
eliminating wasted motion and eye strain. This leads to drastically improved ergonomics,
higher assembly quality due to reduced worker fatigue, and lower implementation costs for
essential assembly aids.

The common thread connecting these diverse applications is not the specific device but the
unifying focus on eliminating Muri (overburden). Every industry has tasks that are physically
strenuous, repetitive, or ergonomically poor. The Karakuri mindset—of identifying these
human-centric problems and solving them with simple, elegant mechanical aids—is
universally applicable. It offers a powerful, low-cost path to simultaneously improving
productivity, quality, and employee well-being.




POLICY SUGGESTIONS AND

RECOMMENDATIONS

The success of Karakuri Kaizen at Toyoda provides a compelling blueprint for other industries
seeking to achieve enhanced efficiency, innovation, and sustainability. Adopting Karakuri
principles requires not just technical understanding but also strategic policy shifts and
cultural transformation.

Enablers of Karakuri Adoption in Other Industries

To effectively integrate Karakuri, organisations should focus on creating an enabling
environment:

e Establish a "Karakuri Centre of Excellence’: Similar to Toyodda's internal initiatives,
companies should establish dedicated internal units or cross-functional teams to
champion Karakuri. This centre would be responsible for training, facilitating
design, sharing best practices, and maintaining a library of standardised, reusable
components and scrap materials.

e Allocate Small, Agile Budgets: Implement policies that allow for rapid approval and
allocation of small budgets for Karakuri experimentation. Traditional capital
expenditure processes are too slow and cumbersome for the iterative, low-cost
nature of Karakuri. Empowering local teams with minor spending authority will
accelerate innovation.

e Formalise Waste as a Resource Policy: Institute a formal policy for identifying,
segregating, and making readily available various types of scrap and waste
materials for Karakuri development. This encourages employees to view waste as
a potential resource, driving a circular economy mindset within the factory.

e Develop Internal Expertise and Documentation: Invest in developing in-house
mechanical engineering and design expertise that understands kinematic
principles. Implement robust documentation standards (e.g., Job instructions for
assembly/disassembly) for all Karakuri solutions to facilitate replication,
maintenance, and continuous improvement.
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Change Management and Mindset Transformation

The most significant barrier to Karakuri adoption is often cultural, not technical. Effective
change management is paramount:

e Top-Down Advocacy and Buy-in: Leadership must actively champion Karakuri,
communicating its strategic importance and commitment to employee
empowerment. Regular Gemba walks by senior management reinforce this
commitment.

e Comprehensive Training and Skill Development: Implement structured training
programs, potentially including immersive experiences (like the one-month Japan
training for senior officers), that focus on Karakuri thinking, fundamental physics,
problem-solving, and practical hands-on construction. Emphasise Skill Mapping to
identify and nurture talent.

e Shift from "High-Tech is Best' to "Appropriate Tech™: Challenge the ingrained belief
that all automation must be high-tech and expensive. Promote a culture that
values ingenious, low-cost mechanical solutions as equally, if not more, effective
for specific applications.

e Embrace Failure as a Learning Opportunity: Create a psychologically safe
environment where experimentation is encouraged, and initial failures are viewed
as valuable data points for learning and improvement. Foster quality circles for
open discussion and collective problem-solving. The willingness to tolerate the
Loss in the process of creation is critical.

Integrating Karakuri into Modern Automation Strategies

The most significant barrier to Karakuri adoption is often cultural, not technical. Effective
change management is paramount:

e Hybrid Automation Models: Explore hybrid models where Karakuri handles simple,
repetitive material flow and presentation tasks, freeing up more sophisticated and
expensive automation (e.g. robotics) for complex, high-precision operations. This
optimises overall capital expenditure and enhances flexibility.

e 'Gurdhama' Philosophy for Multi-Model Production: Adopt the "gurdhama” concept
(multiple models from the same components) by designing Karakuri solutions that
can be easily adapted and reconfigured for different product variants or new
models. This increases the longevity and utility of Karakuri investments.

e Data-Driven Decision Making for Karakuri: While Karakuri is low-tech, its
performance should be measured. Establish KPIs (cost savings, time reduction,
material usage, CO2 reduction) and monitor for sustainability (2-3 months) with
regular upgrade cycles (6 months) to ensure continuous improvement and
optimal performance.




Promoting a Culture of Experimentation and Learning from Failure

e Internal Innovation Competitions: Institute internal competitions similar to the TG
Global Karakuri Competition to incentivise employees to develop and showcase
Karakuri solutions. Offer recognition, cash award, and public acknowledgement
(shield, Thank you card, Appreciation every Quarter) for successful innovations.

e Gemba-Driven Problem Solving: Continuously encourage teams to perform
Gemba walks to identify problems directly on the shop floor. Empower them to
experiment with Karakuri prototypes to solve these issues.

e Proactive Safety Integration: Learn from Toyota's example and implement policies
for immediate global reporting and action on any safety concern identified
through Karakuri or general operations. Implement any safety measures as a
standard practice globally.

Incentivising Employee-Led Innovations

e Direct Monetary and Non-Monetary Rewards: Implement clear systems for
Monetary, recognition (cash award, shield, thank you card) for Karakuri ideas that
lead to measurable benefits.

e Personalised Benefit Communication: When introducing new Karakuri solutions,
clearly articulate the Personal Benefit for Resistance by explaining how it reduces
worker effort, improves safety, and makes their jobs easier.

e Foster Ownership: Empower workers to give all the ideas and take ownership of
their Karakuri solutions, from conceptualisation to Implementation, maintenance,
and sustenance. This sense of ownership drives continuous refinement and
engagement.

By strategically adopting these policy suggestions and fostering a culture conducive to
bottom-up innovation, industries can unlock the transformative potential of Karakuri,
achieving sustainable gains in productivity, cost-efficiency, and employee engagement.
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The "Karakuri Samurai” white paper has thoroughly explored Toyota's ingenious approach to
sustainable assembly line optimisation through Karakuri Kaizen. Far from being an arcane
practice, Karakuri stands as a powerful testament to the enduring value of mechanical
ingenuity, human-centric design, and continuous improvement in modern manufacturing.

Recap of Karakuri's Core Value Proposition

We have seen that Karakuri is not just about automating tasks; it's about doing so intelligently,
cost-effectively, and sustainably. Its core value proposition lies in:

e |eadership Unparalleled Cost-Effectiveness: With implementation costs
significantly lower than conventional automation (280,000 vs. 5 lakhs), Karakuri
offers an accessible pathway to efficiency gains for businesses of all sizes.

e [Empowering the Workforce: Karakuri transforms workers into innovators, fostering
creativity, problem-solving skills, and a sense of ownership, ultimately leading to
higher morale and engagement. It demonstrates that, despite automation,
employees are not fired; instead, their roles are elevated.

e Driving Sustainability: Through extensive scrap reuse (90%), significant power
consumption reduction, and optimised space utilisation (3x volume, 20% saved),
Karakuri directly contributes to a reduced environmental footprint and more
substantial commitment to green manufacturing.

e [Enhancing Operational Excellence: It delivers tangible improvements in KPIs,
including reduced order generation time (3-6 minutes), higher machine utilisation
(85%), and exceptional quality (0.5 PPM aesthetic defects), all while managing
demand variations with precision.

e Fostering Continuous Improvement: Karakuri embodies Kaizen, with its iterative

development, open discussion of failure as motivation for change, and systematic
monitoring and upgrade cycles.




The "Karakuri Samurai” Spirit: Resilience and Ingenuity

The metaphorical "Karakuri Samurai® represents the spirit of resilience, ingenuity, and precision
that defines this approach. Like a samurai, Karakuri is lean, efficient, and highly effective,
achieving maximum impact with minimal resources. It emphasises discipline in waste
elimination (reduction of muri), precision in execution, and an unwavering commitment to
constant betterment. This philosophy demonstrates that true innovation doesn't always lie in
complex, high-tech solutions but often in the elegant simplicity of clever mechanical design.

Future Outlook and Broader Implications

The principles of Karakuri Kaizen extend far beyond the automotive assembly line. Any
industry seeking to:

e Reduce operational costs without significant capital outlay.
e Enhance employee engagement and foster a culture of bottom-up innovation.
e Improve environmental performance and move towards a circular economy.

e Build more resilient and adaptive production systems.

..can learn invaluable lessons from Toyota's Karakuri journey. In an increasingly resource-
constrained world, the ability to "do more with less,” leveraging existing resources and human
ingenuity, will become ever more critical. Karakuri offers a compelling solution to this
challenge, demonstrating that sustainable growth and operational excellence can be
achieved through clever design, empowered personnel, and a relentless pursuit of continuous
improvement. It is a powerful reminder that sometimes, the most advanced solutions are
rooted in the simplest, most fundamental principles.
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Appendix — A

Figure A3: Plant 3 (Shop Floor view) Figure A4: Assembly Station (Clip Assembly)
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Figure AS5: Injection Molding Machine (350T IMM)
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Figure A7: Robot Painting (Exterior Part Grille Lwr Robo Painting) Figure A8: Exterior Part Painting (Grille Radiator)

Figure A12: Tearline Milling Machine




Figure Al3: Vibration Welding

Appendix — B

TRANSFER KARAKURI

Figure BI: Transfer Karakuri Figure B2: Auto screw loading Karakuri
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