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ABSTRACT: Innovative development in the design of product & manufacturing system often uses various
technologies which involve the various techniques and methodologies to improve the productivity. This paper describe
methodology which built a model, this model incorporates concept generator and FAST with TRIZ.
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I. INTRODUCTION

TRIZ is a foremost disruptive technology for innovation that can be used all the way through many industries and
disciplines. Features of TRIZ can be efficiently used by a wide range of people -- from children to adults. The genesis
of TRIZ is derived from empirical data, patents. The records of how innovative individuals cracked inventive glitches.
As can be well-informed from his side view, GenrickAltshuller examined thousands of international patents from the
prominent engineering grounds. He then studied solutions that were, in his conclusion, best operative. This effort
delivered the major understanding of the tendencies, or configurations, of progression for methodological systems. This
one too placed the origin for the growth of a logical move toward resolving inventive complications, later becoming the
groundwork for TRIZ, his philosophy of formulating problem solving, with its axiom: —The evolution of all technical
systems is governed by objective laws[1]. Fast-tracked product development has become more and more significant.
One must advance effectively for innovative generation of products while curbing development cycles and reducing job
expenditure. Employing the TRIZ practice since the commencement of your project can save you plentiful time and
sweat in your hunt for the idyllic way outs. In analytical, TRIZ scientifically examines the problem as an inventive state
and relates a series of strategies to create solution substitutes. Inconsistencies, or conflicts, characterize the most
challenging type of problem during product development. In many cases a desired improvement can cause deterioration
in another area. For example, very often an attempt to increase productivity causes deterioration in quality. As a result,
a trade-off situation is created [2].Many psychosomatic practices have been recommended and practiced to overcome
the psychological inertia, devising, lateral thinking etc. Yet, TRIZ is actually the only technology based systematic
methodology that overpowers the "psychological inertia" and produces a large range of solution concepts [3]. Along
with the society development, the construction works and processes have become more and more intricate, which puts
pressure upon leaders of construction organizations from shake out. Therefore, resources and efforts on innovation
scholars should be presented to face this challenge. Introduction to TRIZ - a approach and technique for breaking out of
rigid thought patterns to accomplish truly inventive engineering solutions. Gerry Altshuller, creator of TRIZ in the
former Soviet Union, devoted his career to convincing engineers that TRIZ turns inventing into a convenient and
systematic process. Michael and Altshuller's former student, continues its algorithmic development and shows how to
put TRIZ into act. Enabling readers to search for and find solutions efficiently, this is study of extreme realistic
importance to development engineers and planners in all areas of modern technology. He explain the power and ease
inherent in classical TRIZ, he further develops the methods with computer-aided innovation and Navigator refinements.
The author's design firm is a prosperous resource of the application of TRIZ in many technical fields
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The creation of a concept generator is an iterative process. In an attempt to study relationships between a product, its
components, and its sub-functions, different matrices were tested to determine. Each matrix that has been created, such
as ones that relate parts to products, products to functions, functions to part, etc., has been checked to see if the
relationship between the data was informative and that the data itself was in a useable format. Useable information
means information that is formatted so that it can be manipulated with existing data structures, such as the product
matrix from step five, to obtain a solution or answer to a question.

The concept generator is to be used at the conceptual design stage. The functional model from the customer needs is the
input into the concept generator and product components are the output. The collection of design information raw data,
the formation of the raw data into the concept generator, and finally the development of a way to use the concept
generator. As stated above and as shown in Figure 1, the input into the concept generator is a functional model based
on the customer needs. The outputs of the concept generator are components that solve some or all of the sub-functions
from the product’s functional model.

Concept Product

Generator ]—> Components

]

Functional —

Model

Figl. Concept Generator Flow Chart

The concept generator is the functional model from the customer needs of a design project. The functional model is
used to obtain suggested components for a design. The functional model is created for the new product design. The
procedure is the same one that appears in Stone and Wood’s paper, “Development of a Functional Basis for Design” [4].

In addition to the functional model, a product matrix for the new product is created also using the method.

Il. RELATED WORK

2.1Methodology

In accordance with TRIZ applications, the advantages and imperfections can be concluded as follows:
»Advantage

e  Systematic process to resolve problems.

o More effective and efficient solutions obtained by fewer efforts.

e The adaptability to integrate with other methodologies to resolve much complicated and difficult problems.

»Imperfections

o The subjective judgments of problem-solving process. For the purpose of the accomplishment of more and more
complicated construction projects, TRIZ is applied and modified in this chapter. In addition, its defects will be refined
through other useful methodologies. And, this systematic innovation model will be developed by the following concept
along with a simple example of constructional elements. The following is the concept diagram.
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Fig. 2 The concept of systematic innovation model.

Briefly speaking, to integrate TRIZ with other methodologies and the concept of VE is the core of this study. In
accordance with Figure 2, this systematic innovation model will be divided into four steps as the sections afterwards.
The following paragraphs delineate brief contents of these sections

2.2FAST Analysis

The advanced VE/TRIZ method that are suggested are basically a combination of the work of three contributors to
creativity and problem solving: Lawrence Miles, enrich Altshuller and Alex Osborne. Below figure 3 shows the basic
idea of how the triz tools or inventive principles are used together with FAST diagrams for building a n efficient

functional model.

Generic Altshuller :> Alex Osbourne

Lawerence Miles I

eInventive eBrainstorming

Diagramme Principle

Fig. 3 Incorporation of VE/ TRIZ methodology

Step 1 - Basic Fast Diagram
e Begin the Value Management process in the usual manner with a Pre-Event to define the problem to be solved,

establish the appraise of success and obtain management support and obligation

e  Continue with the Value Management process by building the FAST diagram as shown in figure 4.

e After the FAST diagram is completed, construct a functional model of the major logic path in the FAST diagram.
This model is built much like a classic FAST diagram except that functions can be either useful or harmful,
corresponding to the definition of Ideality. The functional model deconstructs a problem by creating a functional
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Fig. 4 Basic FAST Diagram

The arrows connecting the factors describe their relationship. A solid arrow means that the first factor produces the

second factor.
TRIZ inventive principles can be used to generate ideas for improvement. This is typically done in a brainstorming
session based on the principles of Osborne. Whenever a group is brainstorming a problem or issue, the users face a
significant problem of psychological inertia. Alex Osborne developed brainstorming techniques to help overcome the
psychological inertia people face when attempting to conceive creative problem solutions. Psychological inertia
results because our human experience is limited and we tend to think of a problem solution that is similar to problem
solutions that we have previously experienced. Participants in a brainstorming session can work together to break
down psychological inertia based on the breadth of their collective experiences but it can never be eliminated. Because
TRIZ is built on such a broad knowledgebase, it can dramatically reduce psychological inertia and develop a nearly
exhaustive set of abstract solutions. The abstract solutions must then be applied to the real world problem to create a
problem specific solution opportunity. Because the major logic path functional model is a nearly pure functional
model (i.e. it does not reflect the components of the system in any level of significant detail, it tends to
generatenewproduct concepts. Improving useful functions at this point often means generating completely new
product conceptstional model (i.e. it does not reflect the components of the system in any level of significant detail, it
tends to generatenewproduct concepts. Improving useful functions at this point often means generating completely
new product concepts.

Step 2 — Incorporating Design Elements into the Functional Model

Next, we take a departure from traditional FAST models. We can add the physical components of the system as

objects in the model. The concept here is that an object can produce function.

The functional model of the major logic path with the physical components added can now be analysed to identify

opportunities to improve the useful functions in the model and toimprove the usefulness of the system components.

Here we have the opportunity for improvement of useful functions as well as the opportunity to improve the system

components. Improvementstothecomponentscould be additional functionality and/or cost improvements.

TRIZ inventive principles can be used again to generate ideas to improve the usefulness of functions and components

in the functional model of the major logic path with the physical components added.
With the better quality product selected, the reverse engineering portion of the comparison begins. The first step is to
gather the weighted customer needs for the product pair. This involves interviewing people who would be likely users
of the products, finding out what theirs wants and needs are for the two products and how strongly they feel about them.
How strongly they feel about each want or need is the weighting of each customer need and generally has values
ranging from one to five. A five would correspond with a “must” and a one could mean that the need was passively
mentioned during the interview. After the customer needs have been gathered, a black box model is created. The black
box model states the overall function of the product and identifies all flows in and out of the product. An example of a
black box model can be seen in Figure 5 below. The heavy arrows represent material flows, the regular arrows
represent energy flows, and the dashed arrows represent signal flows. Material flows can be any liquid, solid or gas
flowing in and out of the system. In the example below the staple and hand are the material flows. Energy flows can be
electrical, pneumatic, mechanical, etc. Human energy is the energy flow in the example below. A signal is any type of
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visual, audio, vibration, etc. that can be picked up by human senses for example. In the case of the staple gun example
below, the user would visually see that the staples are in the gun and thus loaded.

STAPLE, HAND — Q STAPLE, HAND
DRIVE
HUMAN NOISE, STAPLE FORCE
_> '
ENERGY T STAPLES
STAPLE LOAD —_————p — ———p  STAPLE DRIVEN

Fig. 5. Staple Gun Black Box Model

After the black box model is created for the product pair, a functional model is made. The functional model is created
using a language defined in Stone and Wood’s paper “Development of a Functional Basis for Design” [4]. Using the
black box model, each flow is followed through the product. Each function that the product performs on each flow is
listed in verb-object format similar to that in the black box. The operation is the verb and the flow is the object. An
example of a functional model for the staple gun can be seen in Figure 6 below. With the function model, or function
structure, finished, a product vector can now be made. Listing all of the sub-functions from the functional model and
summing up each customer need weight associated with that function, results in the product vector. An example of a
product vector for the staple gun is shown in table 1 below. The customer needs are listed with their weight and
associated flows below the product vector. The list of each customer need weight appears as well as the total of all the
weights for each sub-function.

Table 1 Judgemental Matrix 1

Customer Needs Rank Customer Needs Rank Flow | Customer Needs Rank
Flow Flow
Drive staples 5 Staple
Easy actuation 4 Hand
Durable material 4 M.E.
Use different size staples 3 Staple
Comfortable handle 3 Hand
Make staples flush 4 Staple
Light weight 3 H.E.
Easy to load 3 H.E.
Safe to use 3 Hand
Minimize recoil 3 H.E.
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Fig 6. Staple Gun Functional Model
2.3 TRIZ Tools

Having justified the parts, the functional model is revisited. Double checking the functional model makes certain that the sub-
functions are defined properly and that all flows are accounted for. The functional models are corrected if need be. Lastly, the
functional models are examined to determine if the minimum number of sub functions was achieved. Once the functional model is
set, a Function-Component matrix can be made. A Function-Component matrix maps a product’s parts to it functional model’s sub-

functions.

Traditional TRIZtoolssuchas“SufieldAnalysis, ’arenotobjectivesufficienttoinfluenceotherspecialistswhentransitingspecific ~ problems
into general ones. Despite the functional tools of TRIZ, some references suggest replacing them withAHP and GRA in order to
increase the objectivity of defining problems and choosing the most appropriate engineering parameters. Moreover, the advantages
fromAHP can be briefly listed below. [5, 6,7,8]

Higher objectivity

Systematic and logical process to define and organize tough problems
The gradual steps to break down main system problems for subsequent analysis
Objective analysis of the importance of each in depth problems
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Step 4: This stage illustrated with describes how to decompose the main problem of the system into several
requirement indices and to determine their correspondent weights. According to the definition of the technical
contradiction, it is trying to improve a feature/parameter that may result in a contradiction. In one word, the improving
parameter is obtained before the worsening one. First, managers/engineers should identify the macro problems of the
system by questionnaires, brainstorming, or other method. Second, these main problems are decomposed into sub-
problems and further into requirement indices. This step is achieved by questioning external specialists, internal
managers, senior engineers, or even the first-line workers, which is the assumption of this study. [ 9,10,11]

Table2. Staple Gun Function- Contradiction Matrix

Import Staple
Import Hand
Import H.E.

M.E.

Handle

Inner Handle Plate
Outer Handle Plate
Cover

Torsion Spring
Spring Support
Steel plate (Staple)

Caoil Spring (comp.)
Large Leaf Spring
Spring Guide

Lock Plate

Push Plate

Staple Tray

Catch Plate

Rocker Arm

SONNMNNOO OO OO 00 OO e staple
CONNNOO OO OO0 Ol seureStaple
CONNE OO OO 0000 ool gyideStaple
CoOoOO0Oo0O0OoOkRrRPRNRER O OO OOR TansmitM.E.
SO0 O RP,ENREOOO OOl Export Staple
P NOOOREPERFPOROOO ORI convert HEE. to
P NVNOOO oo oo oo ok Nl Actuate ME.
SoooOor kPP OOOOOl gplyME
P NO OO OO OO OO NE - N Dpistribute M.E.
SocoocooooooomNor omNl EportHand
PNVOOOR PR OR O OO OO sireME.
OO0 0000000 ooNO o Ol piplay Position

O OMNMNMNNOOOO OO OO OO
OO0 O0OO0ODO0ODO0ODO0ODO0ODO0OOORFrOMN
P NOOOOOOOOOOORFRN

Step 5: Input the improving and worsening parameters: In reference to preceding section, individually highlight the
improving and worsening parameters in the rows (improving ones) and columns (worsening ones) of the updated
contradiction matrix as shown in table 2.

This step involves checking the parts or groups of parts in one product, to the parts or groups in the other product.
Notes are taken as to which parts or groups are more efficient in their function. The products as wholes are examined
and any operations that one product outperforms or any features that areadvantageous are noted. This involves
checking the physical functionality of each part or group of parts. The functionality check may involve the design and
execution of tests on parts or part arrangements to determine any tangible difference in performance. Getting these
physical parameters of performance is helpful in comparing the products as well as understanding why one system is
better than another system. With the physical comparisons complete, the information compiled on both products is
examined. The overall product comparison uses information from steps six and seven to select which product has more
parts or subassemblies that outperform the other product.
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Step 6The input into the concept generator is the functional model from the customer needs of a design project. The
functional model issued to obtain suggested components for a design. The functional model is created for the new
product design Now that the better product has been determined from comparing the internals of each product as well
as the overall performance, we check to see if the product selected in step eight is the same as the product selected from
step one. If the decision from step one was thorough, the two products should be the same. If the products are different,
the decisions from step one and step eight need to be re-examined to make sure something was not overlooked. In
mostcases, however, the products selected will be the same. Judgmental Matrix for the Staple Gun Functional Model
shown in table 3 below.

Table 3.Judgemental matrix

Import Staple
Store Staple
Secure Staple
Guide Staple
Transmit M.E.
Export Staple
Import hand
Convert H.E. to M.E.
Actuate M.E.
Supply M.E.
Distribute M.E.
Export H.E.
Import H.E.
Store M.E.
Display position

OO0 0O R ORRLRRERERERERERPE

Develop the “Judgmental Matrix.” Before defining objective weights of each requirement indices, managers/ engineers
have to develop the “Judgmental Matrix” first

Table 4 Pair-wise comparison scale. [11]

Numerical Rating Verbal judgements of preferences
5 Strongly preferred
4 Moderately to strongly
3 Moderately preferred
2 Equally to moderately
1 Equally preferred

It is a square matrix of size n x n and composed by pair-wise comparisons about the extent of the importance of each
index with the relative scale measurement shown in Table 4, a questionnaire of pair-wise comparisons towards the
same relative people mentioned in Step 1 is used as well

2.4 Evaluation Stage

Now that, containing new design information with respect to the Function Component matrix has been created, it can
be multiplied with the Function-Component matrix to obtain suggested components for the new design. And theyare
multiplied which is shown in table 5 below. A vector with the same number of rows as the function component matrix
is obtained.
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Table 5. Multiplication of Matrices

i
E c
L . = e w g - = ) u = 2
ST fgsS&EF s4W2cuw 8
F &80 Fg g T o 22112 ¢S
£t e  Et s £§£22ce323
£L:fg£c8z £:85¢88¢3
[ = £ 2 e 2
EGSCELTES <300 Es B
Handle 00000022 20222200
Inner 00000O0O0O0 1010 0 0 e
Handle Import Staple 1 ancle 8
Plate Inner Handle 2
Outer 00000010 1011000 Store Staple 1 Plate
Handle secure Staple 1 Outer Handle
3
Plate - Plate
Guide Staple 1
Cover 00000O0O0O 00200 0 2 P Cover 2
Torsion 00O0OOOOOO OOOZ2TU0O0TO0 Transmit M.E. 1 - -
Spring Torsion Spring 0
Spring EEE R EEEEIE Export Staple 1 Spring Support |~ 3
Support Import hand
STl 0 0 002 200 0100000 1 Steel plate 4
(Staple) X ConvertHE.to = 1 — (Stgple).
Coil lolel o] [ afel o [el ol a]a]i]e ME. Coil Spring 3
spring Actuate M.E. 1 (comp.)
(comp.) Suon ME. Large Leaf 3
Large 00001101 0100010 PRY 0 Spring
Leaf Distribute M.E. | 1 Spring Guide 1
Spring Lock Plate
spring 000000071 0100010 = 0 7
Guide Import H.E. 0 Push Plate 8
Lock Plate [2RAr A S R e R B M M A A B M) Staple T
Store M.E. aple Tray
IR 2 2 2 2 0000 00O0O0O0 0 0 _ 0 7 8
Staple 2] 2] 2 2 ) ) R e e s s i Display 0 Catch Plate 6
Tray position Rocker Arm 3
Catch 00000002 2020220
Plate
Rocker 00000001 1010110
Arm

Step 7. Evaluate the technical, economical, and other feasibility: After the tests, at least one gathering should be hold
for the effectiveness evaluation of this alternative and its tiny corrections, which can be analysed through meetings or
the famous brainstorming method, “Delphi method.” Steps for Delphi method are described below:

i. Elucidate the subject and task to the analysis team

ii. Develop the first round Delphi questionnaire. (Team members are questioned separately.)

iii. Analyse and reduce the first round responses.

iv. Prepare the second round Delphi questionnaire.

v. Analyse and reduce the second round responses. (Steps iii to v are repeated as long as desired or necessary to achieve
stability in the results.)

vi. Construct the conclusion by the analysis team

The final step of the comparative analysis is to take all of the information gathered for the two products and format the
data so that design principles can be obtained. One way to try and pull design principles from the two designs is two
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create an action matrix. The action matrix lists the sub-functions for the two products in the first column. The second
and fourth columns contain the solution each product has for a given sub-function. For each sub-function, a given
product could perform better, worse, or the same as the other product. The third column, in-between the two products,
is the action taken column. An action exists only if one product’s solution for a sub function is different than the other
product’s solution. The action taken is an explanation of the design difference. Essentially the action could be applied
to the inferior solution to get to the better solution. The list of actions represents design changes that would have been
made in an iterative design process. As stated earlier, by examining the design iteration changes, we can learn ways of
applying that knowledge to a design the first time 24 and reduce design iterations.

Record Keeping. In order for the empirical study to effective, the data needs to be recorded in a repeatable, accessible
manor. If no person can repeat the results obtained, or if no one could access the information collected, the empirical
study would have no value. Stone, at the University of Missouri — Rolla’s Basic Engineering Department, is recording
product data for a repository database to be referenced in the future by academic and industrial communities. A team of
graduate students input the product information into the database. For that reason Stone has created a standard format
for the data so that each student enters the data in the same fashion. If the information were not of the same format, the
accessing the repository would not be effective. For example, if a designer wanted to reference functional model
information 25 for their design with the functional model information in the database to perform the Design by
Analogy procedure described earlier, the designer would want all of the functional models to be formatted the same.
For that matter, each piece of product information for each product must be entered at the same location and the in the
same format as every other product. Since Stone’s technique for data collecting works for the repository of products,
the technique was adapted for use with the small database developed from the empirical study. The format consists of
having nine folders for each product, a folder for every different type of information collected. Also a design notebook
is kept to supplement the formatted data with notes

Step 8. This stage of the design principle involves checking the suggested components with the design concept
generated after a designer checks their functional model against whichever Function Component matrices a total list of
suggested components is compiled. This list could have components from one or more products. The designer then
needed to check to see which components from that list meet the needs of the design constraints generated. Some
suggested components may perform the same sub-functions; therefore the designer needs to select the component that
most closely fits their design concept. By using both the design principles and the Function-Component matrices, a
designer can greatly reduce design iterations. Make a decision: Following the composite evaluation of feasibility,
innovation team could judge the effectiveness of the tentative solution by pre-set criteria (requirement indices or others).
Fortunately, if the tentative solution meets the criteria, it will be regarded as final solution. On the contrary, if this
alternative cannot meet the pre-set criteria, it is abandoned and replaced with other tentative solution developed again.
If two or three specific solutions were rejected as well, it might be essential to re-assess the improving and worsening
parameters. In other words, it might make the process of problem solving

Step 9. Create the output: After the tentative specific solution meets the pre-set criteria eventually, it is taken as the
final answer to practical situation or projects of larger scale. In addition, the process of solving this problem will be
documented and recorded in the knowledge base for management

I11. DISCUSSION

One empirical study suggests that while actual ideas recorded may in fact have decreased, the ideas were more
complete, better formulated and a higher percentage were evaluated as potentially valuable. The result was a significant
net positive impact on the ratio of good ideas to the overall number of ideas generated in the brainstorming session. A
majority of workshops conducted using the TRIZ Enhanced Brainstorming approach have reported that between 25%
and 40% additional ideas were generated as a direct result of the application of the TRIZ methodology. In comparison
with traditional process of solving problems, this theory —TRIZtransforms specific problems into generic ones
(general type of TRIZ), seeks for generic solutions (by ways of TRIZ), and finally infers the specific solution from
generic suggestions. The following is the structure diagram of TRIZ, illustrated afterwards. [ 13, 14,15,16,17,18,19]
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The methodology —Quality Function Deployment (QFD) may be the better answer to link the gap
between requirements and managers/engineers. The classical TRIZ doesn‘t offer an effective and efficient way to clear
the key-point in the whole problem. Importing the QFD can improve this disadvantage of TRIZ by gathering all
relevant information about the customers ‘wishes through surveys, interviews, tests, benchmarks, etc.

Moreover, the scores of the engineering features/parameters created from the —House of Qualityof QFD can express
the importance of each parameter of the problem. [20, 21, 22]In other words, the primary function of QFD is to identify
the most important issues and parameters of the products and to link priorities and target values back to the
customer.[20, 21, 22, 23, 24]

IV.CONCLUSION

TRIZ and Value Management can be incorporatein the course of FAST diagrams and concept generator. Value
Management relies on a variety of brainstorming techniques to produce dilemma solutions. The cost-effective
significance of the development, for sure, depends ahead identifying a ground-breaking, elevated assessment
clarification. For the most part, brainstorming technique used in Value Management is psychosomatic in character and
weighed down by psychosomatic sluggishness which tends to limit the number and quality of thoughts. TRIZ in
contrast, isa scientifically based problem solving methodology driven by a widespread awareness. Concept generator
can generate a large set of prospective solutions that are exceedingly inventive. The mixture of concept generator with
TRIZ offers a prospective tocategorize higher value solutions more swiftly than eithertechnique alone. This model
leads to opportunities both forproduct improvements and cost reductions by utilizing theTRIZ inventive principles with
concept generator. Concept generator with the TRIZ principals involve the multiplication of contradiction matrix and
judgemental matrix and built a component matrix and the purpose of this model is to breed ideas to advance the
efficiency of functions and components in the well-designed function model and in unison, also examine thoughts to
diminish or reduce detrimental functions.
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