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213BAbstract  
TRIZ is the Russian acronym of Theory of Inventive Problem Solving, and it is based on the analysis and 
classification of millions of patents in order to know their innovation principles, and conclude in the 
elaboration of a set of tools for leading the process of idea generation and innovative solution search for 
problem solving. Within these tools there are some of them oriented to achieve a bird’s eye over the 
technological framework we are moving, as the case of innovation trees (Shpakovsky, 2003), and another 
group of tools addressed to solve specific inventive problems for finding concrete solutions, as the case of 
Su-Fields (Belski, 2007). The present work shows the possibilities of the named tools as for innovation 
management as innovative solution finding in the practical case of firefighting protection equipment.  
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214B1. Introduction 
The fact that innovation and creativity have been on the spotlight of the industry during last decades is 
indisputable. The questions have always been the same: Where to innovate towards? What to innovate? 
How to innovate? As a result, a large number of methodologies and tools for aiding designers in the 
search of innovative solutions and in the prospection of new business fields have been developed: 
Brainstorming, Benchmarking, Delphi, 6 sigma, morphological analysis, are only examples. TRIZ is one of 
these methodologies that must be emphasized, so it is the one we are going to use in the present work. 

TRIZ is the Russian acronym of the Theory of Inventive Problem Solving (Teoriya Resheniya 
Izobretatelskikh Zadatch) (Altshuller, 1984). TRIZ began more than six decades ago from hand of G. 
Altshuller with the hypothesis that there are a limited set of universal inventive principles that are the 
basis for innovative creations that allow technology to advance, and those principles can be identified and 
codified in order to make the inventive process more predictable. From then until nowadays, more than 
two and a half million patents have been analyzed and classified by Altshuller and his colleagues in order 
to understand their inventive principle. These patents, which represented solution to hard technological 
contradictions, where used to identify and classify the nature of inventive problems (Abdalla, 2006; 
Altshuller, 1997a,1999; Altshuller, 1997b; Belski, 2007; Mann, 2005,2009; Moehrle, 2005; Shpakovsky, 
2003). 

In the present work, authors try to look for new horizons for firefighting personal protective equipment 
(PPE). A PPE is understood as a set of elements adjacent to human body in order to protect it of adverse 
environmental conditions. In the case of firefighter, this set of elements is composed by a helmet, a hood, 
a three-quarter length coat, trousers, gloves, boots, and a self-contained breathing apparatus. But it was 
not always so. History points to the Rome of Augusto Caesar (22 b.C.) as the first place were a fire 
department with an organization that accredit it to be called so appears (Vigili del fuoco), but the dressing 
of those firefighters were the same that roman legionaries one, may be with a drape around the face in 
order to protect the lungs as an unique PPE. It was not until ends of the XIX century when firefighters 
appear in Europe in a concrete and definitive way. In 1833, the “London Fire Engine Establishment” was 
created, being the first company dedicated to fire extinction. Firefighter’s organizations appeared during 
that century began to adapt their clothes to fire protection. That was the real point when firefighting PPE 
appearance and evolution started (Díaz-Toledo, 2004; Fernández-Sora, 2006). 
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215B2. Methodology 
The present work has two main goals. The first of them consist on discern which are the new horizons for 
innovating in the field of firefighting PPE, this is, at a global level. The second objective is to look for 
futuristic innovations referred to present PPE, this is, work at a concrete level. In order to achieve these 
objectives two different TRIZ tools have been used: the evolution trees (Shpakovsky, 2003) for the global 
innovation, and the Substance-Fields for the innovation at specific level (Belski, 2007). 

216B2.1 Evolution trees 
Evolution trees is a specific TRIZ tool developed mainly by N. Shpakovsky that improves the way to use 
the evolution lines for analysing the history and future prospects of the device under study. Evolution 
trends, also known as evolution laws of technical systems, come from the idea that all technical systems 
follow the same patterns of evolution, despite the fact that they belong to different fields. So there are 31 
(Mann, 2001) evolution lines that make it possible to predict the technological jumps that are capable of 
solving an inventive problem. The development of an evolution tree starts by the analysis of the selected 
item within one evolution trend. 

Regarding to firefighting PPE, the tree’s trunk has been defined with the evolution line mono-by-poli 
different objects, as it is shown in Figure 1. New evolution lines are grown from each node of the trunk as 
primary branches. For example, several branches are grown from trunk’s node tri-system, as the 
corresponding to evolution line mono-by-poli increasing differences (Figure 2). The evolution tree 
development continues in this way, and more evolution lines can be added as primary or secondary 
branches until arriving to the desired detail level. The result is a concept tree related to the analyzed tool, 
where holes or boundaries not reached in lines leave place to the development of new concepts that can 
derive into new invents. So, the evolution tree points the directions to researching efforts must be driven 
with the aim of achieving the most profit in terms of innovation. 

426BFigure 1: Mono-by-poli different objects line applied to firefighting clothes (source: own 
elaboration and Creax Innovation Suite images) 

 

427BFigure 2: Mono-by-poli increasing differences line applied to firefighting clothes (source: own 
elaboration and Creax Innovation Suite images) 
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217B2.2 Su-Fields 
Substance-Fields tool requires of a breakdown and definition of the system into a components and 
interactions level, and a conversion of the same into fields and substances interrelated between them 
forming triads, this is, sets of tree interconnected elements, usually two substances and one field (Figure 
3), that is read as substance S2 acts over substance S1 trough a field F1. The analysis of this fields and 
substances representation allows identifying those triads with conflict allowing acting over them trough 
five rules, all of them starting from same statement or conflict: a conflictive interaction between S2 and S1. 
This interaction can be insufficient, excessive, harmful, not existent (and needed), or simply not desired. 
So, rule 1 says that S2 must be replaced by another substance S3 that generates a new field F2 whose 
action over S1 is not harmful or not desired. Rule 2 points to add a new substance S3 that generates a 
new field F2 for modifying S2 in a way that it doesn’t act negatively over S1. Rule 3 asks for the addition of 
a new substance S3 that generates a new field F2 for acting over S1 and modifying it in a way that the 
action of S2 over it doesn’t produce a negative effect. Rule 4 says to add a new substance S3 between S1 
and S2, through which F1 acts, that generates a new filed F2 that acts over S1 or S2 and modifies it for 
avoiding the negative interaction. Lastly, rule 5 says that a new substance S3 must be added externally, in 
a way that it generates a new field F2 that acts over S1 and S2 and modifies them in order to avoid the 
negative interaction. 

428BFigure 3: Triad: basic group for the Su-Field analysis 

 
For the present study, three different cases of study have been selected from the system modelling of a 
firefighter helmet: the helmet affected by the fire; the visor that allows eyes to see; and the mast that 
protects the lungs (Figure 4). For each case, the five Su-Fields rules have been applied consecutively in 
order to obtain a collection of solutions to the problem. 

Figure 4: System modelling of a firefighter helmet 
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218B3. Results 

219B3.1 Evolution tree of firefighter clothes 
Figure 5 shows a shorten scheme of the evolution tree of firefighting PPE elaborated during the present 
work. It can be appreciated on it the main line situated on the trunk, and how the primary branches are 
expanded from the different nodes of the first evolution line. The lines object segmentation, referred to the 
kind of unions or locks, and increase of the use of colour can be observed in the image growing from the 
node bi-sistem, and lines mono-bi-poli various objects, referred to the addition of different elements that 
generate new functionsin the object, mono-bi-poli similar objects, referred to the addition of several layers 
in order to improve protection, and geometric evolution of linear constructions, referred to the kind of 
hook, that evolve the tree from the node tri-system. The apparition of secondary branches is also 
represented on the figure. These branches have their apparition on primary branches. So, macro-to-nano 
scale on thread for joining elements appears in the first node of object segmentation, and the branch 
decrement of density can appear in the branch mono-bi-poli various objects as well as in the branch 
mono-bi-poli similar objects.  

From the evolution tree, it must be noticed the complete and obsolete lines in which resources looking for 
improvements must not be spent on the one side, and the incomplete lines with perspectives of creating 
futures innovations on the other. As example of the first case: 

Mono-bi-poli various objects: Historical evolution of protection garment has generally consisted in adding 
more and more elements in order to perform one specific function each element, until the carrying 
capacity of the subject is reached. Functionality is lost once this capacity is exceeded. 

Mono-bi-poli increasing differences: The range of uniforms, fireproof, extreme conditions resistant, 
chemical resistant garments, is really developed so much so that there is one different piece of the 
equipment for each specific function. This is a very developed evolution line and it is inconvenient to 
orient the research to this point. 

Increasing transparency: Transparency level in firefighting clothes has the only function of visibility of the 
user, and this point is already reached. While the garment that has not reached a higher transparency 
level is owing to the no-functionality or inverse functionality it would presents. So, it is considered a dead 
line. 

On the other side, as example of open evolution lines, where research efforts must focalice, there are: 

Macro-to-nano scale: Materials used actually are at microscopic scale. The use of materials in a more 
and more tinier scale (nanoparticles) allows the improvement of the properties of technical textiles, and 
specifically the fireproof textiles. 

Introduction of additives: By combining this line with the last one, nano-additives will appear. The process 
of adding them into the base material is necessary to be improved in order to additives have the fireproof 
functions. So, future work in protection against fire of fibre or textile substrates must be focused in the 
search of new methods or processes for additive addition. An improvement of fireproof properties of fibres 
and textiles can be achieved in this way. 

Reduction of density: Lower density implies lower weight of the equipment and, consequently, more 
mobility and lower fatigue for the firefighter. This fact will solve the problem presented by the excess of 
elements presented in line mono-bi-poli various objects. Nowadays, the tendencies point the use of fibres 
or low-density compounds in order to produce lighter and more comfortable equipment without losing 
their fireproof or extreme conditions protection characteristics. 
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429BFigure 5: Extract of the evolution tree of firefighting PPE 

 

220B3.2 Su-Fields 
As said in point 2.2, the three analysed cases with the Su-Fields tool are the helmet affected by the fire, 
the visor that allows eyes to see, and the mast that protects the lungs. These cases are represented as 
substance-fields triads in Figure 6. 
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430BFigure 6: The three analysed cases presented in Su-Field’s terminology  

 
42 different solutions for preventing the damage in the helmet, 41 to improve the vision through the visor, 
and 47 for improving the lung protection have been achieved by using the Su-Fields tool. As a sample of 
these results, Table 1 shows the solutions presented by rule 3 for the case 1; Table 2 shows the solutions 
provided by rule 1 for case 2; and Table 3 shows the solutions for case 3 achieved by means of rule 2.  

 

431BTable 1: Solutions to case 1 with rule 3 

Rule 3 

 

Field F2 Substance S3 

Mechanical 

To install a small compressor to throw flow of air to the fire, whose function is to move the 
fire away from the helmet for protecting it.  

To install a small device that throws pressure water, so the risk that fire damages the 
helmet is lower. 

Acoustic To install an ultrasound emitter system in the helmet, whose elevated frequencies are 
converted into vibrations for weaken any external agent.   

Thermal To use a covering material that provides thermal insulation when contacting the fire, so 
inner helmet temperature will remain constant. 

Chemical To cover the helmet with a material composed by several elements that reacts with 
noxious gases from combustion and convert them into no-toxic gases for human organism. 

Electrical To create an electrostatic field around the helmet, in which solid particles of the smoke will 
be repelled and can not come into contact with the helmet surface. 

Magnetic 
To emit X-ray from the helmet. This is an electromagnetic and invisible radiation able to go 
through any substance. These rays will get inside the noxious particles and destroy them 
completely.  

Intermolecular 

To reinforce the helmet with a nanofibres-composed material of high resistance to impacts 
and extreme conditions. 

To use a cover material whose particles are strongly united between them, so mechanical 
resistance of the helmet is considerably improved. 

Biological To cover the exterior part of the helmet with a layer made of vegetal fibres, so these can 
retain the noxious particles without getting damaged by smoke and high temperatures. 
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432BTable 2: Solutions to case 2 with rule 1 

Rule 1 

 

Campo F2 Substance S3 

Mechanical To use properly sunglasses to protect eyes from smoke and strong fire flashes. 

Acoustic To use a mask with small sound emitter system whose vibrations make gases and other 
particles to approach to the eyes and impede the correct vision. 

Thermal To use an eye protection made of specific materials able to react with noxious particles of 
the smoke and convert them into innocuous ones. 

Chemical To use contact lens made of high mechanical resistance material. This lens act as a 
barrier preventing noxious particles to get into the eyes. 

Electrical To use glasses able to create an electric field around them that electrifies any noxious 
particle that collides with them, and makes the particle to disintegrate. 

Magnetic 
To use a cover around the eyes made of magnetic materials, like nickel, iron, cobalt and 
their alloys (magnets). The result is the creation of a magnetic field that prevents solid 
particles to approach to the eyes. 

Intermolecular To use a nanoparticles-composed fabric over the face, that prevents the harmful particles 
to go through but allows the correct vision. 

Biological To use a balaclava made of vegetal fabric that uses a transparent cells for the eye’s zone. 

 

433BTable 3: Solutions to case 3 with rule 2 

Rule 2 

 

Campo F2 Substance S3 

Mechanical 
To install a respirator that releases air to the mask for a long time (actually they work about 
30-60 minutes). 

To install small but high power fans for repelling the noxious gases. 

Acoustic To install an ultrasound emitter system in the mask, whose elevated frequencies are 
converted into vibrations for disintegrate any noxious external agent.   

Thermal 

To install a filter for purify smoke that precipitates the noxious particles and convert them in 
dirty water (phase change). 

To introduce in the filter a nonopore compound, also called active centres, which allows 
molecules of different natures to attach them into the pores (adsorption; exothermic 
process). 

Chemical 

To introduce into the filter determinate substances (based on zeolites or active carbons) 
for chemical reacting with toxic gases (carbon monoxide, cyanide, ammoniac, benzene, 
formaldehyde, nitrous oxide and nitric oxide) in order to convert them into innocuous to 
organism (N2, CO2, etc.). 

To install a small absorption device for separating one or more compounds from the 
mixture of toxic gases with the aid of liquid solvents. 

Electrical To install a device for emitting electrical discharges when detecting smoke in order to 
eliminate small particles present in it. 

Magnetic To install a smoke detector in the mask that generates a magnetic field able to adhere the 
solid particles of the smoke and prevent them to go inside the organism. 
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Intermolecular To install a nanoparticle filter and/or respirator. 

Biological To install organic compounds (like plants or fungus) in the mask in order to absorb toxic 
gases generated by the fire and to transform them into no-noxious gases. 

221B4. Conclusions 
Present work shows the utility of TRIZ tools for innovating, and two different kind of outcomes are 
presented: The possible concrete solutions to a defined problem and the new horizons to a full range of 
generic products. 

The evolution trees tool presents directions to where innovate towards and to put all the efforts, as well 
the human as the economic ones, in order to achieve new and productive innovations. The fields 
specifically suggested are the nanoscience (nanoparticles and nanoadditives) and the low density 
matherials. 

Regarding to the Su-Fields tool, it has been shown how it is able to provide with a full set of solutions for 
a given problem. These solutions cover all fields of science. Within them, there are several solutions that 
seem perfectly viable with the current technologies, and other ones are presented as radical concepts 
hardly reachable (or apparently impossible to carry out) with present resources. Nevertheless, these two 
groups present two different advantages: on the one side, the concepts viable at present show solutions 
or new products able to be in the market at short term; on the other side, most futuristic proposals points 
to which technology must be researched or improved and the possible applications that can be performed 
with them once they will be reached. 

The combination of both tools can help to improve the benefits obtained in the search of new horizons, 
because these new technologies that must be developed in order to obtain the new products presented 
with the Su-fields tool may appear (they do appear, in fact) in the evolution tree, and it can be predicted if 
the efforts in this direction are going to be excessive or, oppositely, this is a low evolved direction and 
great advances can be achieved with low resources investment. Also, proposals apparently unfeasible 
showed by Su-Fields tool present the application proposals for when the desired technological level will 
be reached, so a profit perspective is present before the research process in that direction has started.  
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