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General Description of Research Work

The present work is a theoretical research aimed at thorough substantiations and development of TRIZ foundations. Based on this theoretical research the author proposes a complex development of practical methods for modeling and analyzing engineering systems (ES).

A number of methodological VEA-TRIZ tools is analyzed in the work, and merits and demerits of these tools are identified. In addition, the present research also identified "white spots" of ES analysis methodology and developed new tools for modeling and analysis of substance and energy conversions, principle of action, and cause-and- effect structure. The present research also provides substantiation of appropriateness and correctness of the proposed approach to construction of relevant ES models (designs, devices and technologies), analysis of processes occurring in it and identification of disadvantages.

As a result of performed work the present research proposes a comprehensive algorithm-based technique for ES modeling and analysis. This technique possesses advantages of existing approaches to modeling and analysis, while being free of demerits inherent to them. The novelty of this technique consists in modeling and analysis of any object as converter of fields and forces, flows of energy and substance. Such representation of each object served as connecting link between existing methodological tools and enabled to conduct analysis of substance and energy transformations in ES, which reflect physical processes, cause-effect relationships and principle of action. The proposed technique provides sequential logic and rigid connection of the following types of modeling and analysis: 

- functional modeling and analysis, 

- flow modeling and analysis, 

- modeling and analysis of substance-and-energy transformations, 

- diagnostic analysis, and 

- cause-effect modeling and analysis.

The author carried out this work using his experience accumulated during many years of applying VEA-TRIZ tools for consulting project at Algorithm Ltd.

Importance of the subject matter of research 

Existing techniques that are effective for illustrating simple training examples sometimes appear to be not effective enough in actual inventive situations. ES models usually recommended for use in such cases are characterized by fragmentarity or superficiality, which results in drawbacks in perception of general functioning and insufficient depth of analysis.

Gaps in VEA logic and interrelations between VEA, flow analysis, cause-effect analysis and other TRIZ tools served as impetus for the author to start his research. The fact that the concept "principle of action" of engineering system is underestimated in TRIZ served as another starting point for the author. At the same time, models are used in electrical engineering (namely, basic circuits of extremely complex devices) and analyzing such circuits allows not only to understand principles of action, but also to determine possible reasons for faults and malfunctioning. Using analogies of creating basic electric circuits, one can generate a dynamic model of any ES and conduct analysis on the basis of such model (including flow analysis, cause-effect analysis and analysis of principle of action). The author believes that research in this direction represents a resource for development of TRIZ methodology and a step forward in recognition of TRIZ as a science.

Goals and tasks of research

Maximum degree approaching to the solution of inventive problem by an optimum pathway during the shortest time period should be an ultimate objective of ES analysis. A theoretically justified comprehensive algorithm for the construction of ES models and ES analysis is required to accomplish said objective (statement of key problems should be the outcome of this algorithm). To ensure that models represent a basis for the analysis (not just an illustration and systematization of search, logical actions and conclusions), they, in addition to information on interactions of components, should at least contain the information on processes occurring both inside component and in the entire ES. Models, in which properties of components, features of their interfaces, variation of relationship properties, parameters of components and processes taking place in ES at different operating modes are reflected, would be even more suitable for the analysis. It is necessary to fill the existing gaps with effective tools of modeling and analysis to ensure that methodologies became a single and universal mechanism.

Research method

The task was accomplished through the sue of the following tools: analysis of existing situation, identification of drawbacks of some methodologies currently used, identification of reasons for these drawbacks, statement of problem aimed at their elimination, proposition and verification of hypotheses, their substantiation, formation of rules for model construction and analysis, development of comprehensive algorithm for model construction and analysis, practical testing of algorithm on complex examples.


Scientific novelty of research

Scientific novelty of research consists in new analytical and solving tools of TRIZ proposed in the present research, as well as in an approach to integrate these tools into a uniform system. In particular, the following specific concepts are new for TRIZ:

· Method for modeling and analysis of each component as transformer of substances, energies, forces and fields,

· Method for construction and analysis of ES dynamic model, which is a model of cause-effect model of substance-energy conversions taking place in ES  

· Method for construction and analysis of flow models (for different modes of operation) that are based on dynamic model, 

· Method for model construction and analysis of principles of action on the basis of dynamic model    

· Method of diagnostics of demerits and interfaces of components on the basis of dynamic model    

· Method of construction and analysis of the model of cause-effect structure of disadvantages  

· Integral algorithm for model construction and analysis of ES - starting from initial situation and ending with key problem statement and contradiction formulation.   .

Practical Importance of Research

Interpretation of ES and its components by substances-and-energy converters enables to display physical processes (proceeding in ES) and organize a common approach to modeling and analysis of any ES. The logical and physical substantiation of offered principles of modeling and analysis allows making the next step in the development of TRIZ as a science.

The proposed approaches to ES modeling and analysis (arranged as a uniform algorithm) make it possible not only to improve and coordinate existing methodologies (supplementing them with new tools), but also to explore ES to the highest possible extent (with statement of problems and arrangement of interface between analytical and solving tools of TRIZ).

Models of substance-energy transformations can serve as a basis both for the existing tools (e.g., trimming, failure-anticipation analysis, ARIZ, etc.,) and for the future ones (e.g., improvement of principle of action).

Further development of the proposed approach would probably make it possible to carry out computer synthesis of solutions (e.g., using advanced ARIZ focused on substance-energy transformations).

Personal contribution of degree-seeking candidate and main provisions submitted for defense of author's thesis  
All proposed concepts indicated in the "Scientific novelty of research" section represent a personal contribution of the degree-seeking candidate and it is exactly these concepts that are submitted for defense.

Practical testing of research results

The author has been successfully using the analysis of substance-energy transformations of ES in his analytical and inventive work, as well as in his work on consulting projects, since 1996. The hypothesis of universality of proposed approaches for the analysis of dynamic models by different TRIZ tools is verified in actual practical work.

Structure and volume of thesis
The volume of submitted research work is 54 pages. The thesis structure is standard; it includes 5 chapters. The first chapter is overview. The second chapter describes the importance of research work, its goals and tasks. Chapter 2 includes "Review of known approaches" and describes the merits and demerits of known approaches. Chapter 3 "Stated problem solving" deals with directions for identified disadvantage elimination. Besides, hypotheses of universality of models of substance-and-energy transformations of ES are presented and substantiated in this chapter and principles and techniques for the construction and analysis of such models are developed. Chapter "Results of research" gives detailed algorithms for the construction and analysis of models (flow models, dynamic models, cause-effect models, models of principle of action, etc.). Chapter 5 describes advantages and prospects of the proposed approach. In total the thesis contains 14 illustrations and one Appendix. Appendix contains illustrations of model construction and analysis in accordance with steps of proposed algorithm. 
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