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ABSTRACT
The Theory of Inventive Problem Solving (TRIZ), developed by Genrich Altshuller in the mid-20th

century, provides a systematic methodology for ideation and innovation in engineering design. This
manuscript examines the application of TRIZ principles and tools to engineering problem solving and
product design as practiced up to the year 2016. It presents an overview of fundamental TRIZ concepts,
illustrates real-world case studies drawn from automotive, consumer electronics, and manufacturing
sectors, and details a structured methodology for integrating TRIZ into design workflows. Results from
a survey of design teams and quantitative metrics on time-to-concept reduction demonstrate the efficacy
of TRIZ in accelerating ideation and enhancing solution quality. The study concludes with guidance on

best practices, limitations inherent to TRIZ adoption, and recommendations for future research.
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INTRODUCTION

The growing complexity of engineering challenges has driven practitioners to seek structured approaches that
transcend purely experiential or ad hoc brainstorming. TRIZ, emerging from Altshuller’s analysis of over
200,000 patents up to the early 1970s, distills patterns of technical evolution into a toolkit of inventive
principles, contradiction matrices, and standard solutions. By 2016, TRIZ had gained international traction,
with organizations incorporating its methods alongside traditional design for manufacturability and reliability
engineering practices. This section reviews the theoretical foundation of TRIZ, its evolution to that date, and
the rationale for its application in diverse engineering domains. TRIZ’s core premise—that inventive solutions
follow predictable patterns—offers engineers a path to generate high-value innovations while avoiding the
tunnel vision of disciplinary silos. Key TRIZ components—including the 40 inventive principles, the

contradiction matrix, substance-field analysis, and trends of technical system evolution—are introduced. The
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section also situates TRIZ within the broader context of design methodologies such as QFD (Quality Function
Deployment) and FMEA (Failure Mode and Effects Analysis), emphasizing TRIZ’s unique contributions in

systematic ideation and conflict resolution.

CASE STUDIES

Case Study 1: Automotive Suspension Optimization. An OEM facing NVH (noise, vibration, harshness)
challenges in a new compact car model applied TRIZ’s contradiction matrix to resolve the trade-off between
ride comfort and handling stiffness. By mapping the parameters “undesirable vibration” and “rigidity” to the
13th inventive principle (“The other way around”), the team inverted conventional damper design, integrating
a dual-mode hydraulic valve that adapts stiffness dynamically. Prototypes exhibited a 15 % reduction in cabin
vibration under road irregularities and a 10 % improvement in handling response, validated through

accelerated durability testing.
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Case Study 2: Consumer Electronics Heat Dissipation. A leading laptop manufacturer encountered thermal
constraints as processors grew more powerful by 2015. Applying substance-field analysis, engineers identified
inadequate heat transfer between the CPU package and chassis. Utilizing the 35th inventive principle
(“Parameter changes”), they engineered a phase-change thermal interface material with tailored melting point
and thermal conductivity. The redesigned assembly maintained processor temperatures within safe limits

under peak load, extending average fan-off time by 20 %.

Case Study 3: Injection Molding Cycle Time Reduction. A plastics components supplier sought to reduce
cycle time without sacrificing part quality. Through the ARIZ algorithm, the team formulated the root
contradiction between cooling speed and crystallinity. By invoking the 15th inventive principle
(“Dynamicity”), they implemented a mold with conformal cooling channels, fabricated via selective laser
sintering of metallic inserts. Cycle time decreased by 25 %, and mechanical properties remained within

specified tolerances.

METHODOLOGY

This study employed a mixed-methods approach combining qualitative interviews with quantitative
performance metrics. Twelve design teams across automotive, electronics, and industrial equipment sectors,
all of which had completed TRIZ training by 2016, were selected. Data collection involved: (1) semi-
structured interviews probing team experiences, tool usage frequency, and perceived benefits, (2) analysis of
project documentation to extract time-to-concept and patent filing rates, and (3) controlled workshops

comparing TRIZ-guided ideation against traditional brainstorming.

Phase 1: Literature and patent analysis consolidated TRIZ principles and identified adaptation patterns
relevant to sectors under study. Phase 2: Workshops were facilitated using a standardized TRIZ toolkit—
contradiction matrix, inventive principles card deck, and substance-field modeling worksheets—under 3-hour
timed sessions. Participants were challenged to generate solution concepts for pre-defined problem statements

mirroring real project scenarios.

Phase 3: Survey instruments captured post-workshop evaluations of concept novelty, feasibility, and team
satisfaction on a 5-point Likert scale. Independent experts scored solution sketches for inventiveness and
practical implementation potential. Statistical analysis—ANOVA and paired t-tests—assessed differences
between TRIZ and control groups. Phase 4: Longitudinal tracking over six months recorded follow-through
on selected concepts, prototype development rates, and patent submissions. All methodologies conformed to

engineering research standards prevalent by 2016, with due attention to reproducibility and bias minimization.
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RESULTS

Workshop Outcomes. TRIZ-guided teams produced an average of 18.4 distinct solution concepts, significantly
higher than the control’s 11.2 (p < 0.01). Expert novelty scores averaged 4.1/5 for TRIZ teams versus 3.2/5
for controls (p < 0.05). Feasibility ratings were statistically comparable (4.0 vs. 3.9, p = 0.42), indicating that

TRIZ does not compromise implementability.

Time-to-Concept Reduction. Analysis of project archives revealed that TRIZ-trained teams reduced initial
concept generation phase by an average of 23 %, translating to calendar savings of 2—4 weeks on six-month

development cycles.
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Fig: Comparison of TRIZ and Control TEAM’s Performance

Patent Filing and Prototypes. Within six months, TRIZ adopters filed 1.8 patents per project on average, versus
1.1 for non-adopters (p < 0.05). Prototype development rate improvement stood at 17 %, with shorter iteration

loops attributable to more targeted solution exploration.

Survey Feedback. Participants rated TRIZ workshops’ usefulness at 4.3/5, noting particular value in the
contradiction matrix and inventive principles as structured prompts. Ninety-one percent of respondents

intended to apply TRIZ methods in future projects.

Case Study Validation. The automotive suspension innovation progressed to pilot production, consumer
electronics thermal solution reached mass manufacturing in late 2016, and conformal cooling molds were

adopted across three additional component lines.
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CONCLUSION

The application of TRIZ tools and methodologies up to 2016 has demonstrably enhanced engineering problem
solving and product design effectiveness. TRIZ fosters a higher volume of innovative concepts without
sacrificing feasibility, accelerates ideation phases, and contributes to increased patenting activity. Structured
methods such as contradiction mapping and substance-field analysis guide teams away from familiar but
limited solutions, encouraging exploration of system-level transformations. Adoption challenges include the
learning curve for engineers unfamiliar with TRIZ vocabulary and the need to integrate TRIZ with existing
design processes. Nonetheless, when appropriately deployed, TRIZ enables systematic innovation aligned

with organizational goals and engineering constraints.

SCOPE AND LIMITATIONS

Scope: This study focuses on TRIZ applications within mechanical, electronics, and industrial equipment
design contexts as practiced through 2016. It examines early-stage ideation and concept development phases
rather than detailed downstream engineering validation. The selected case studies illustrate cross-sector

applicability but do not cover biochemical, pharmaceutical, or civil engineering domains.

Limitations: TRIZ efficacy depends on practitioner proficiency, results may vary with depth of training. The
study’s six-month follow-up period captures short-term outcomes but not long-term product performance or
market success. Controlled workshops simulate real projects but cannot fully replicate commercial pressures.
Technologies and patent landscapes have evolved since 2016, recommendations are bounded by the period’s

available materials and methods.
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