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ABSTRACT

Function based design methods - those that are largely a 
derivative of Pahl and Beitz’s systematic approach - are a 
powerful tool employed in a variety of engineering design 
contexts. However, many other design methodologies exist 
and are useful in solving design problems. These methods 
include varying approaches from Suh's Axiomatic Design to 
Altshuller's Theory of Inventive Problem Solving (TIPS or 
TRIZ) to the business-motivated Ulwick's Outcome Driven 
Method. In this paper an attempt to merge the philosophy of 
functional design with the problem solving approach of TRIZ 
is undertaken. A framework is proposed combining functional 
modeling formalized by the Functional Basis with TRIZ. The 
process of merging the two methodologies is presented along 
with the key contribution, a matrix that relates the vocabulary 
of the Functional Basis with the 40 inventive principles of 
TRIZ. The use of the Functional Basis-TRIZ (FB-TRIZ) 
hybrid design methodology is described and a case study is 
presented demonstrating its use as well as the creative 
solutions that the approach affords.

1. INTRODUCTION

Many methods may be employed during the design process, as 
shown in prominent engineering texts including those from  
Pahl and Beitz, Ullman, Otto and Wood, and Cross [1-4].  

These methodologies show many similarities. However, they 
do not completely align with each other; at best offering 
assistance to the designer in distinct steps in the design 
process and often in an incongruent fashion [5].  Other more 
holistic design methods have been developed such as 
Axiomatic Design, Theory of Inventive Problem Solving 
(TIPS or TRIZ), and Affordance Design [6-8].  These methods 
are not as commonly used and taught.  This paper reports on  
the efforts of the authors to merge two prominent 
methodologies used in design - function based design 
enhanced by the Functional Basis and the TRIZ - into one 
streamlined approach.  In order to communicate this hybrid 
methodology, the paper will (i)  give a brief overview of 
engineering design and the two methods of interest, (ii) 
discuss the creation and mechanics of the new hybrid 
methodology, (iii)  demonstrate the function and power of the 
new method with a case study, and (iv) discuss future work.

2. BACKGROUND

2.1 Engineering Design
While concepts of design and subsequent methodologies are 
present in many fields, this paper focuses on engineering 
design.  Engineering design is the application of scientific 
knowledge to the solution of technical problems [1].  It is the 
path from the current state to a more desirable future state.  
Many have stated that the “path” of design may be made more 
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efficient if certain processes are applied.  From such authors as 
Pahl and Beitz, Ullman, Ulrich and Eppinger, Otto and Wood, 
and Cross [1-4, 9] a general recipe for designers to follow has 
been suggested.  Included are stages for defining the problem, 
generating multiple solutions, evaluating and choosing a 
solution, and embodying the solution. Within each of these 
design processes there exist many specialized methodologies. 
This paper focuses primarily on the concept generation stage 
of design and merging two methodologies that serve in the 
concept generation facet: function based design and TRIZ.

2.2 Function Based Design
2.2.1 Functional Based Design.  Pahl and Beitz introduced 
function based design with their book Engineering Design: A 
Systematic Approach.  Function based design allows an 
engineering connection between customer needs or 
requirements and the function of a product.  Fulfilling this 
relationship allows for a design process that achieves a 
product that meets the expectations of the customer.  Function 
based design allows for the analysis not only of the functions 
of the system but the flows throughout the system as well.  
This is useful as it shows how input materials, energies, and 
signals are transformed throughout the system.  The popularity 
of this design approach has led to many design texts that have 
been published using or building upon this design method, (eg. 
Otto & Wood, Ullman, Ulrich & Eppinger, and Dym & Little) 
[2, 3, 9, 10].  These popular engineering design texts suggest 
the use of function based design in the conceptual design 
stage.  

The primary contribution of function based design is the 
ability to use functional abstraction to help design products.  
Many prominent texts go over this abstraction process.  The 
primary benefit of creating this abstraction that it allows the 
designer to focus on overall requirements and constraints by 
allowing the disregard of form and fixation.  This disregard 
helps the designer generate more solutions since design 
fixation is lessened [3].

Another very important contribution of function based design 
is the concept of the functional model.  A functional model is 
used to create an abstract representation of a product or what 
functions must be accomplished for the product to work.  This 
representation assists the designer in developing unbiased 
solutions to what specific functions the product must 
accomplish by analyzing the functions and flows of the system  
and connecting those to engineering requirements.  As one can 
imagine, this modeling process can and does vary from 
designer to designer, so to standardize the process of creating 
a functional model a Functional Basis was formulated [11].  
The Functional Basis is a list of function and flow terms used 
to create functional models that intends to comprehensively 
represent the product design space.  These specific words 

intend to unify the process and allow any designer to analyze 
another designers’ functional models without getting lost in 
translation.  The Functional Basis will be discussed further in 
section 2.2.2.    

Functional design is extremely focused on satisfying product 
function.  Therefore the products from this process tend to be 
highly “functional”  in that they work well but sometimes lack 
a well executed customer interface or aesthetic.  In fact, 
solving function alone may result in product forms with 
contradictions that arise in their operation.  Implementing a 
contradiction solving approach with functional design is 
needed to address this issue.  

2.2.2 Functional Basis.   Development of a Functional Basis 
for design began with the intent to make function computable.  
Studies found that functional models lacked consistency from 
designer to designer, and it was postulated that creating 
consistency between the function and flow terms used would 
allow more accurate communication of information between 
people.  Development of the Functional Basis started by 
analyzing terms used by Value Analysis, Pahl and Beitz, 
Hundal, and subsequent other authors methodologies [1, 12, 
13].  The first Functional Basis contained terms broken into 3 
levels of abstraction: class, basic, and flow restricted.  Class 
being the highest level and flow restricted being the most 
specific[14].  This work was later revisited and the Functional 
Basis was reconciled with a similar effort at NIST [15] and 
evolved into the list currently used today.  This list contains 
the same hierarchy used originally with three classes of 
abstraction:  primary, secondary, and tertiary.  There are three 
primary flow terms, 20 secondary flow terms, and 22 tertiary 
flow terms.  The function terms are broken down into eight 
primary terms, 21 secondary terms, and 24 tertiary terms [11].  

The Functional Basis not only allows for designers to 
communicate more effectively with each other using standard 
functional model language, but also a suite of computational 
tools to assist the design are also afforded by such a common 
language [11].  A key embodiment of this is a Design 
Repository which currently holds function and flow 
information for 6447 components found in 167 products from 
various domains[16].  There are many involved design tools 
that seek to make the large amount of data held in the 
repository of use to the designer.  However, the most basic of 
these is, using a search function within the Design Repository, 
the designer may search all existing products to see how a 
function/flow pairing of interest has been addressed in a 
diverse array of products; to see how various “forms” have 
followed virtually the same “function”.  For example, a 
designer developing a new thermal shield on spacecraft might 
be prompted to investigate the coffee mug as both devices are 
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looking to accomplish a similar function.  This introduction of 
“out of the box” ideas promotes creative and novel solutions 
that have stood the test of time in other applications.  Beyond 
the traditional search techniques, concept generation using the 
organized terms of the Functional Basis has been automated in 
recent years.  One such example of concept generation can be 
found in Bryant et. al [17]  where the formalized terms of the 
Functional Basis are needed to parse a database of existing 
design knowledge. 

2.3 TRIZ
The Theory of Inventive Problem Solving (Russian acronym: 
TRIZ) was developed in the 1940’s by Genrich Altshuller, a 
Russian inventor, patent clerk, and author [7].  Altshuller 
sought to develop a pattern that anyone could follow in order 
to create innovative solutions, and in doing so dispelled myths 
of the day that invention was random and possible by only a 
select few persons.  To develop such a pattern, Altshuller and 
his colleagues performed an exhaustive search of more than 
200,000 patents.  From this survey, Altshuller found that many  
inventions were characterized simply by the application of 
principles to solve contradictions among technical 
characteristics.  Once this pattern was recognized, both the 
characteristics found in the patents as well as the principles 
employed in their solutions were identified and then distilled 
into a reasonably comprehensive (estimated to cover over 90% 
of patents surveyed) set of 39 technical characteristics and 40 
principles, a sample of which can be found through examples 
shown in this article with the full lists found the Table 2.
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Table 2:  The list of Technical Characteristics and 
Principles Proposed by Altshuller [7] .

List of Technical 
Characteristics

List of Innovative Principles

1. Weight of mobile object
2. Weight of stationary object
3. Length of mobile object
4. Length of a stationary object
5. Area of a mobile object
6. Area of a stationary object
7. Volume of a mobile object
8. Volume of a stationary 

object
9. Speed
10. Force
11. Tension/Pressure
12. Shape
13. Stability of composition
14. Strength
15. Time of action of a moving 

object
16. Time of action of a 

stationary object
17. Temperature
18. Brightness
19. Energy spent by a moving 

object
20. Energy spent by a 

stationary object
21. Power
22. Loss of energy
23. Loss of substance
24. Loss of information
25. Loss of time
26. Amount of substance
27. Reliability
28. Accuracy of measurement
29. Accuracy of manufacturing
30. Harmful factors acting on 

an object from outside
31. Harmful factor developed 

by an object
32. Manufacturability
33. Convenience of use
34. Repairability
35. Adaptability
36. Complexity of a device
37. Complexity of control
38. Level of automation
39. Capacity/Productivity

1. Segmentation
2. Extraction
3. Local quality
4. Asymmetry
5. Consolidation
6. Universality
7. Nesting
8. Counterweight
9. Prior counteraction
10. Prior action
11. Cushion in advance
12. Equipotentiality
13. Do it in reverse
14. Spheroidality
15. Dynamicity
16. Partial or excessive action
17.Transition into a new 

dimension
18. Mechanical vibration
19. Periodic action
20. Continuity of useful action
21. Rushing through
22. Convert harm into benefit
23. Feedback
24. Mediator
25. Self Service
26. Copying
27. Dispose
28.Replacement of mechanical 

systems
29.Pneumatic or hydraulic 

construction
30.Flexible films or 

membranes
31. Porous materials
32. Changing the color
33. Homogeneity
34. Rejecting and regenerating 

parts
35. Transformation properties
36. Phase transition
37. Thermal expansion
38. Accelerated oxidation
39. Inert environment
40. Composite Materials

Characteristic that is getting worseCharacteristic that is getting worseCharacteristic that is getting worseCharacteristic that is getting worse

Weight of a 
mobile 
object

Length of a 
mobile 
object

Speed Power

Weight of 
a mobile 

object

X 8,15,29,34 2,8,15,38 12,36,18,
31

Length of 
a mobile 

object

8,15,29,34 X 13,4,8 1,35

Speed 2, 28, 38, 
13

13,14,8 X 19,35,38,
2

Power 8,36,38,31 1,10,35,37 15,35,2 X

Table 1: A select portion of the TRIZ Contradiction Matrix 
developed by Altshuller [7] .  
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Perhaps the greatest contribution made by Altshuller was the 
connection of these two data sets.  Based on information from 
the patents, he linked the principles to contradictions between 
technical characteristics using a matrix termed the 
“Contradiction Matrix”.  In this 39x39 matrix technical 
characteristics are listed on both the vertical and horizontal 
axes while the principles that may be used to address such 
contradictions are found in the associated cell.  A subset of the 
matrix is shown in Table 1.  

TRIZ design methods treat design as an inventive problem.  In 
this light, there are three core steps to applying the TRIZ 
method.  First, the designer should decompose the system, 
analyzing each component and determining the system’s 
characteristics in language congruent to the technical 
characteristics presented by TRIZ.  The key task in this first 
step is to identify problems or contradictions that exist in the 
current system and decide whether to focus on improving 
positive characteristics or decreasing negative characteristics 
of the system.

Second, the designer should clearly state the contradictions 
that exist within the system, remembering that a contradiction 
occurs when the improvement of one characteristic will cause 
a negative change in performance of an opposed characteristic.  
For example, one might wish to increase the size of a vehicle 
while requiring no additional need for power.  

Finally, the contradictions stated in step two might be resolved 
using the Contradiction Matrix.  Further examples of a TRIZ 
solution may be found in “40 Principles; TRIZ Keys to 
Technical Innovation” [18] as well as in the case study section 
below.

While the TRIZ methodology involves many higher-level 
tools such as ARIZ (Algorithm of Inventive Problem Solving) 
and Substance Field Analysis [7], arguably the most accessible 
and frequently used contribution from TRIZ is the 
Contradiction Matrix.    This matrix may be used to solve a 
wide variety of conflicts found in design problems in many 
different domains.

It should be noted that while the Functional Basis and TRIZ 
have many differences, at the fundamental level, they are very 
similar.  Each design method seeks to introduce the designer to 
information from previously successful designs, mined 
through empirical analysis of design data from a variety of 
sources.  The expectation is that novel ideas may be generated 
introducing high quality and proven “out of the box” concepts.  
In this way, Functional Basis and TRIZ are natural candidates 
for a combination that could yield innovative results.	



3. INTEGRATION OF TRIZ INTO FUNCTIONAL BASIS

3.1 Review of Methodology  Combinations from 
Literature
The work presented in the following sections of this paper 
represents the authors’ effort to combine the powerful conflict 
resolution tool of TRIZ into the all-encompassing design 
methodology proposed by Pahl and Beitz wherein functional 
models are one of the key artifacts used by the designer in the 
abstraction of the design problem.  

The concept of comparing and combining design 
methodologies is not unique.  Examples include the 
comparisons of TRIZ and Axiomatic design [19, 20], the 
supplemental use of TRIZ in the Robust Design Framework 
[21], and a comparison of function based design and TRIZ 
[22].  TRIZ has been integrated with several problem solving 
tools often used in function based design:   Quality Functional 
Deployment, Taguchi’s methods, Axiomatic, Six Sigma, value 
analysis, Design for Manufacture and Assembly, Failure Mode 
and Effects Analysis, as well as others [23, 24].  

Despite being integrated with these tools TRIZ was not found 
to have ever been integrated into a functional ontology such as 
that set forth by Pahl and Beitz or the Functional Basis.  
However, it should be noted that the larger suite of TRIZ 
associated tools does include a functional modeling 
component.  Such functional decomposition in TRIZ is 
referred to as Functional Analysis.  More details may be found 
in Gadd’s book Triz for Engineers: Enabling Inventive 
Problem Solving [25].  Several important observations are 
afforded by this literature review.  First, it appears that 
beneficial results may be obtained when seemingly 
contradictory design methods are used to complement each 
other.  Second, while TRIZ has been used as a complimentary 
method to other design methods or tools, and while the 
concept of functional modeling has been introduced into the 
TRIZ framework, little work has been done to integrate TRIZ 
into the broader function based design methodology.  

While the Malmqvist et al. study did seek to compare the two 
methodologies of function based design and TRIZ, the work 
offered little information as to how the two might be used in a 
congruent manner.  However the authors did state that TRIZ 
contains solution-finding tools that are more powerful tan the 
function based correspondents.  Also found was a partial 
mapping between the design principles used by the two 
methodologies and it was stated that “A more powerful 
methodology may result if the methodologies are unified 
[22].”  It was suggested that the resulting methodology would 
use function based design as the underlaying process and 
integrated TRIZ at points throughout it.  This work seeks to 
offer a clear explanation describing the implementation of 

4



TRIZ in the overall design process of function based design.     

3.2 Development of the FB-TRIZ Matrix
In order to integrate the two methodologies, the authors sought 
to find a way to merge the powerful problem resolution 
methods employed by TRIZ into the more all encompassing 
design process of Pahl and Beitz.  First the authors identified 
the concept generation stage as an adequate location to 
integrate the TRIZ in the overall framework of function based 
design.  This agrees with the literature which suggests TRIZ as 
a tool to be used in the “early stages of design” [22] and 
identified as a method fit best for concept generation [2].  

Once the location of the merger was identified, connections 
between the two methodologies were required.  This was not 
trivial as contradictions are the cornerstone of TRIZ but they 
are not typically mentioned in function based design.  The 
authors looked to the subject-verb nature of the Functional 
Basis as well as word tendencies in TRIZ.  It was found that 
the technical characteristics of TRIZ were typically a property 
of an object or product (volume/density of object, energy, etc)   
as are the flows found in the Functional Basis (all grouped 
under the three main classes Material, Energy, and Signal).  
Conversely, the principles in TRIZ nearly all involve some 
action (prior action, dispose, do it in reverse) while the 
functions listed in the FB are all verbs or action words 
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Table 3: Functional Basis-TRIZ Correlation Matrix

1 Gas,  2 Hydraulic/Pneumatic Energy,  3 Thermal Energy, 4 Mechanical Energy, 5 Visual Signal, 6 Material to Solid/Liquid/Gas, 7 Solid 
Material to Liquid/Gas, 8 Translational to Rotational Energy, 9 Mechanical Energy to Energy

Material Energy Signal

Branch Separate 1, 2, 15, 27, 30, 40 1, 2 1, 2Branch

Distribute 3, 24 3, 11 3, 24

Channel Import 39 1 82, 373Channel

Export 2, 27, 34 2 2

Channel

Transfer 10, 24, 34 24

Channel

Guide 12, 15, 17 13

Connect Couple 6, 7, 8, 24, 39 6 6, 8, 24Connect

Mix 5, 33, 39, 40 5 5, 

Control 
Magnitude

Actuate 94, 15, 184 4, 15, 265Control 
Magnitude

Regulate 16, 20, 21 16, 194, 204, 21, 38 16, 19, 20, 21

Control 
Magnitude

Change 4,14, 31, 32, 33, 34, 35, 366, 38, 
391

9, 13, 20, 35, 37, 38 10, 325, 35

Control 
Magnitude

Stop 11 15

Convert 17, 22, 297, 36 148, 19, 22, 289, 37 22

Provision Store 5, 7, 10, 25, 26 9, 10, 25Provision

Supply 10, 11, 24, 39 10 10

Signal Sense 23 23 11, 15Signal

Indicate 23, 32

Signal

Process 23

Support Stabilize 7Support

Secure 5, 7 5, 7

Support

Position 5, 10, 12, 13, 17, 18 5 5, 10, 13



(branch, channel, connect, etc.).   

In order to pursue these connections, each TRIZ innovative 
principle was reviewed by the authors and subsequent 
functions that the principle applied to were identified.  For 
example, the principle “spheroidality” is defined by Altshuller 
as “Replace linear parts with curved parts, flat surfaces with 
spherical surfaces, and cube shapes with ball shapes.  Use 
rollers, balls, spirals, and replace linear motion with rotational 
motion” [18].  From this description it was identified that the 
spheriodality principle could apply to the functions “shape 
material” and “convert translational energy to rotational 
energy”.  These functional terms involve changing the shape 
of the material or changing a linear motion to a rotational 
motion which coincides with the TRIZ principle of 
spheroidality.  In this manner the entirety of the 40 principles 
were processed and connected to the terms of the FB.  Once 
these links were made, the list of terms was inverted in order 
to show the connections in reverse.  Table 3 shows the result 
of the work, the FB-TRIZ Matrix.  As can be seen, the list of 
functions from the FB is presented on the left side of the table 
while the subsequent TRIZ principles associated with each FB 
term are given in the three columns of the table to the right.  
These show which of the primary flow types (material, signal, 
and energy) the principles apply to give a fundamental 
connection to the typical function-flow pair that describes 
product functionality.  Some of the principles identify specific 
flows or energy types.  This is shown by superscript numbers 
that are can be explained by the caption below the matrix.  As 
a check, each technical characteristic of TRIZ was correlated 
to a flow class of the Functional Basis.  Then the entire row of 
the FB-TRIZ Correlation Matrix was reviewed to make sure 
that the associated principles were captured in the flow column 
of Table 3.  Each principle was reviewed to make sure it was 
relevant for the function flow pair. 

One contributing factor to the difficulty of merging the two 
lists was the fact that the FB was constructed based on clear 
grammatical rules while little, if any, attention was given to 
grammatical rules in TRIZ.   Additionally, a portion of the 
TRIZ principles seemed to suggest evaluation of material 
selection while the FB does not cover this realm.  Although 
these differences did exist, the overall strong correlation 
between the actions suggested by TRIZ principles and the 
actions listed as functions in the FB made meaningful 
connection between the two lists possible.  

It should be noted that the 40 TRIZ principles shown in Table 
2 were not developed to be used as stand-alone solutions but 
were rather created based on the observation of solutions to 
technical contradictions between attributes of a system.  
Although the methodology presented in this paper might seem 

to advocate the use of the 40 principles without any 
contradictions, and this is the case on the most rudimentary 
level, unidentified contradictions exist many places in the 
function of devices, and thus in the functional models.  
Therefore, although not identified, the principles are 
addressing previously unidentified contradictions when 
employed using this method.  In this way, principles will be 
identified that would not previously be identified using TRIZ 
as a stand alone method, wherein the designer must identify 
the contradictions.  This lessens the amount of work on the 
part of the designer because identifying the contradictions 
posed by the product is often challenging. 

3.3 Use of the FB-TRIZ Matrix
Another use of the FB-TRIZ Matrix is the allowance in the 
case study below.  In general the process is very similar to the 
function based design approach presented by Pahl and Beitz as 
well as Otto and Wood.  Once the design team has entered the 
concept generation stage, after they abstracted the problem 
and created a black box and then functional model, the team 
may consult the FB-TRIZ Matrix for additional concepts.  As 
this method introduces the team to new and innovative  
principles that inspire concepts which are not necessarily 
covered in other concept generation tools (even using TRIZ 
alone), the authors expect many novel design concepts to arise 
from the use of the FB-TRIZ Matrix.  Another use of the FB-
TRIZ correlation matrix is helping the designer solve 
contradictions in the prototyping phase.  When encountering 
difficulties and problems while prototyping the component 
solution of a given function, the TRIZ innovation principles 
can be applied to the problem.  The first step when using the 
FB-TRIZ Matrix is to do an analysis at the black box level.  
This analysis should identify the main function of the system.  
If this does not yield the desired results then the black box 
model can be decomposed down into a functional model for 
further analysis.  This procedure is illustrated in the following 
case study. 

4. CASE STUDY
In order to demonstrate the power (or function) of the 
integration of TRIZ into the Functional Basis framework, the 
authors sought to implement the hybrid methodology on a case 
study.  A design problem involving an ice breaker ship was 
chosen.  This example was presented in Altshuller’s book “40 
Principles: TRIZ Keys to Technical Innovation” and is defined 
as follows:  Icebreakers are necessary in the winter to free 
waterways in order that cargo may continue to be transported.  
The speed of the current icebreaker should be increased three 
fold while the power requirements remain the same [18].

4.1 TRIZ Approach: 
Altshuller identifies two technical contradictions:  First, the 
speed is to increase while the power must remain the same.  
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Second, Productivity of the icebreaker should increase while 
again power must stay the same.   Once these contradictions 
are identified, the TRIZ contradiction matrix may be used to 
identify appropriate principles.  In this case six principles are 
identified in the two matrix cells pertaining to the two 
contradictions.  Three of these six principles are discussed 
further.  First, it is noted that principle #19 (periodic action) 
may be implemented to accomplish the desired improvements 
in the icebreaker by incorporating some ramming motion into 
the working of the icebreaker.  Second, from principle #35, the 
transformation of properties, the designer is prompted to think 
about changing the physical shape of the icebreaker as it 
interacts with the ice.  Third, principle #2, extraction, proposes 
the removal of some component of the ship.  Finally, principle 
#10, prior action, suggests that some action might occur prior 
to the contact of the ship with the ice.  

The combination of each of the concepts put forth by the 
principles lead Altshuller to propose a ship with a fully 
submerged hull with only thin vertical blades that rise on each 
side of the ship and travel the length of the hull connecting  
the ship’s cabin and deck to the submersed hull.  Because 
these thin blades are the only part of the ship at the water/ice 
line of the boat, the icebreaker may cut through the ice much 
faster, accomplishing the goals of the design problem posed.

While, the new icebreaker design proposed by Altshuller 
theoretically accomplishes the optimization goal as stated in 
the design problem, the solution proposed gives rise to many 

other problems.  For example, the ship configuration 
suggested only affords a narrow range of cargo weight as most 
of the buoyancy for the ship comes from the fully submerged 
part of the hull.  In addition the hydrodynamic performance of 
the ship in heavy seas is of concern.  This critique is not meant 
to discount the TRIZ solution but instead seeks to identify the 
power of TRIZ to introduce novel solutions to problems that 
might otherwise be solved with traditional and existing 
concepts.

4.2 The Functional Modeling/TRIZ Hybrid Approach
Following functional modeling protocol, first the customer 
needs are identified.  Clearly in this case the need for a 
passable waterway is paramount.  Additional customer needs 
might be to minimize cost and maximize the rate of ice 
removal.  These needs are congruent with those stated in the 
TRIZ handbook [18].

After the customer needs are identified, first a black box 
model, Figure 1, and then a functional model, Figure 2, for the 
ice breaker may be composed using vocabulary of the 
Functional Basis.  The black box and functional model used 
for this study was generated by the authors who are 
experienced functional model creators.  The black box model 
isolates the overall function as “Separate Solid” - obviously 
the key function of an icebreaker vessel.  The functional 
model contains such functions as “Separate Solid”, “Transfer 
Solid”, “Convert Energy” and “Export Solid”.  After 
identifying the functions needed for the product the FB-TRIZ 
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Table 4: Principles generated by the FB-TRIZ Matrix from 
icebreaker black box, Bolded Principles are those found by TRIZ 

for Solution[18]

Functional Basis Functions TRIZ Principles

Separate Material 1, 2, 15, 27, 30

Table 5: Principles by the FB-TRIZ Matrix from icebreaker 
functional model, Bolded Principles are those found by TRIZ for 

Solution[18]

Functional Basis Functions TRIZ Principles

Separate Material 1, 2, 15, 27, 30
Export Material 2, 27, 34

Transfer Material 10, 24, 34
Convert Energy 14, 19, 22, 28, 37

Guide Material 12,15,17
Change Material 4, 14, 31, 32, 33, 34, 35, 36, 

38, 39
Export Visual Signal 2

Figure 2: Icebreaker Functional Model

Separate 
Solid

Solid
 Material

Solid
 Material

Energy 1 Energy 2

Visual 
Signal

Figure 1: Icebreaker Black Box Model



Correlation Matrix can be used. The black box model analysis 
in Table 4 only returned one of the six principles identified in 
the icebreaker problem, extraction.  The functional model 
analysis in Table 5 shows the TRIZ principles correlated with 
the key functions of the model.  identified five of the six 
principles: extraction, prior action, periodic action, 
transformation of properties, and accelerated oxidation.  Once 
the TRIZ principles are identified, several interesting and 
novel solutions may be gathered using the FB-TRIZ 
Correlation matrix shown in Table 3 to enrich the concepts 
generated by traditional functional modeling methods.  

4.3 Generating Concepts

The authors picked four principles generated from the 
functional model: 1, 14, 27, 15 to investigate.  This included 
three principles from the black box model (separate material 
principles: 1, 15, 27) and another from functional model 
(change material/convert energy principle 14).  These 
functions where chosen because they were deemed functions 
that played important roles in the icebreaker’s overall 
function.  The authors then applied the innovative principles 
chosen in the generation of four concept sketches.    

Concepts Generated:
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Figure 3:  The four concepts for an icebreaker generated using the FB-TRIZ Matrix.  (3) show a multiple hull catamaran design, (4) shows a 
design implementing a circular blade that may be lowered to score the ice, (5) shows a temporary ice cutting bow that may be fixed to a boat’s 

hull, and (6) shows a plow blade that may be fixed to the submerged portion of the bow, channeling the ice away from the path of the ship.

Figure 3a: Principle 1 Segmentation Sketch Figure 3b: Principle 14 Spherodality Sketch

Figure 3c: Principle 27 Dispose Sketch Figure 3d: Principle 15 Dynamicity Sketch



Principle 1: Segmentation
“Divide an object into independent parts, make and object 
sectional, increase the degree of an object’s 
segmentation”[18].

From principle one, a ship with multiple hulls such as a 
catamaran is suggested.  This was shown in figure 3a. Two 
smaller ships completing the same task might be employed 
with favorable results and is another concept that could be 
developed with this principle. 

Principle 14: Spherodality
“Replace linear parts with curved parts, flat surfaces with 
spherical surfaces, and cube shapes with ball shapes.  Use 
rollers, balls, spirals.  Replace linear motion with rotational 
motion; utilize centrifugal force.”[18].

Principle 14 suggests the translation of linear motion to 
circular motion.  From this obscure recommendation, a novel 
and functional concept may be generated.  In such an 
icebreaker, a large circular blade (much like that of a pizza 
cutter)  may be pressed down on the ice in front of the bow of 
the vessel, effectively lifting the bow of the icebreaker out of 
the water.  As the boat motors ahead, the rotational blade rolls 
over the ice, scoring it deeply, preparing the ice for removal 
from the path.  See Figure 3b for details.

Principle 27: Dispose

“Replace expensive object with a cheap one, compromising 
other properties.” [18].

A temporary or disposable icebreaking apparatus is suggested 
by principle 27.  In this case, a faux bow may be fixed to 
either the icebreaker or the cargo ship itself. The temporary 
bow should have ice breaking properties not capable with a 
permanent bow.  For instance, this bow might have a very low 
angle of incidence, be long and sharp.  While such a bow 
might not be favorable in open water, it may be positioned 
when ice is present and may offer considerable economic 
incentive when applied to the cargo ship alone as shown in 
Figure 3c.

Principle 15: Dynamicity:

“. . . Divide and object into elements capable of changing their 
position relative to each other.” [18].

A possible solution suggested by principle 15 is shown in 
Figure 3d.  In this solution, a blade similar to that of a plow 
used for soil is attached to the bow of the boat.  This not only 
divides the ice as a standard hull would but also increases the 

degree to which the segments of removed ice may “change 
their position relative to each other” and therefore be removed 
from the path of the ship

4.4 Comments of Case Study
When reflecting on the case study presented, several 
noteworthy items may be identified.  First, the FB-TRIZ 
Matrix generated four concepts that appear to the authors to be 
on similar level of quality as those generated using the stand-
alone TRIZ method as shown by Altshuller.  However, the 
authors acknowledge that this hybrid methodology is best 
suited for use early in the design process when generations of 
many innovative solutions is paramount.  Once the functional 
model was complete for the design problem, the use of the 
FB-TRIZ Matrix was straight-forward given an understanding 
of the TRIZ principles.  Second, as anticipated, while there 
was a degree of overlap in the innovative principles generated 
by Altshuller using contradictions identified by him, there 
were several new principles generated by the FB-TRIZ 
Matrix.  This is to be expected as contradictions generated by 
the designer will naturally vary.  This is an advantage of TRIZ 
as often the context within which the solution will be 
embodied causes slight subtleties not addressed by other 
design methods.  However, by using the FB-TRIZ hybrid 
method there is also value in the systematic generation of 
innovative principles facilitated by following function based 
design and using the FB-TRIZ Matrix.

5. CONCLUSIONS/FUTURE WORK

The Functional Basis-TRIZ Correlation Matrix allows 
designers following the systematic approach to and associated 
method of the function based design approach to draw upon 
the innovative power of TRIZ.  Upon construction of a 
functional model using the Functional Basis, the designer may 
use the FB-TRIZ hybrid method to elicit applicable innovative 
principles from TRIZ and therefore increase the total number 
of innovative concepts generated.  

Many important tasks await this project.  First, future work 
must include the addition of authentic case studies of this 
hybrid method approach.  A somewhat trivial case study, as 
shown in the TRIZ literature, was presented in this paper in 
order to demonstrated the mechanics of the new method.   
However, studies are needed to investigate the actual 
contribution that the FB-TRIZ hybrid method can make to a 
design team working on a real world problem.  Additional 
studies could seek to quantify the effects of this method in the 
concept generation stage when compared to some of the more 
traditional concept generation methods.  A study using four 
test groups, one using no method, one using TRIZ, one using 
function based design, and one using the FB-TRIZ hybrid 
method would allow for an analysis on concepts generated by 
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this method in comparative to the other methods.  The results 
of this study could be analyzed using the metrics introduced 
by Shah [26].  This would allow for a more rigorous review on 
the quality of the concepts produced by the FB-TRIZ hybrid 
method.  

There is also work that needs to be done in the validation of 
the FB-TRIZ Correlation Matrix.  The authors did extensive 
reviews attempting to achieve the best correlations possible, 
but to identify these correlations as fact, the matrix should be 
reviewed by other TRIZ/Functional Basis experts for 
completeness and accuracy.  Another way to examine the 
accuracy of the matrix is examine functions in current 
products and see if the components used to solve those 
functions follow the innovative principles.         

Additionally, the present work only aims to facilitate the 
manual use of TRIZ for designers.  An important extension of 
the FB-TRIZ hybrid method is the investigation into the 
integration of TRIZ into the computer automated design tools 
made possible by archived design knowledge.  This 
integration could take many possible paths and one possibility 
is the re-evaluation of the designs contained in a design 
repository with tags that connect both technical characteristics 
as well as the innovative principles outlined by TRIZ. 
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