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1. A method for improving technical systems (TS), comprising the formulation and solution
of problems as well as forecasting, wherein two TS are combined with a supersystem,
CHARACTERIZED IN THAT, in order to increase the efficiency of improvement, alternative
TS - i.e,, systems performing the same primary functions and possessing a pair of opposing
advantages and disadvantages — are combined with a supersystem in accordance with the
mechanisms identified for the law of transition to a supersystem.

2. The method according to point 1, DISTINGUISHED BY selecting the most economical TS
as the base system, rather than the most productive one, contrary to the recommendations
of ARIZ.

3. The method according to points 1 and 2, DISTINGUISHED BY transferring the missing
feature from the alternative TS to the base TS, unlike conventional methods of combining
TS by integrating structural solutions.

4. The method according to points 1-3, DISTINGUISHED BY implementing the transfer of
features through resolving an alternative technical contradiction formulated for both
combined TS.

5. The method according to points 1-4, DISTINGUISHED BY utilizing resources from the
alternative TS, or from both TS simultaneously, to resolve the alternative technical
contradiction.
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Political terms for technical systems

(a few essential definitions)

One of the trends of technical system evolution identified within the Theory of Inventive Problem
Solving (TRIZ) is the law of transition of technical systems (TS) to the supersystems. This law
states: ,,When a system exhausts its potential for development, it becomes a part of a supersystem,
where further evolution occurs at the supersystem level” (1, p. 126). However, our patent research
and problem-solving practices suggest that systems not yet fully developed can also merge with
the supersystems. The advantage of such integration lies in the ability to share resources for
further advancement.

Based on this, the law can be clarified as follows: ,The development of technical systems
progresses toward their integration with each other, enabling resource-sharing for further
improvement at the supersystem level.” Both the history of technology and contemporary patent
databases demonstrate that technical systems can integrate with supersystems, regardless of their
functional relationships. These relationships may include being identical (homogeneous),
competing, inverse, or functionally independent.

Genrich Altshuller identified and formalized the general mechanisms for transitioning to bi- and
polysystems (2, pp. 90-96). However, these mechanisms (e.g., using an internal environment,
partial or full folding of polysystems, etc.) thoroughly describe transitions into supersystems
primarily for homogeneous TS. Competing systems (with qualitatively shifted characteristics),
inverse systems (with opposing main functions), and functionally independent systems
(heterogeneous) each have distinct mechanisms for transitioning into supersystems.

This article focuses on one functional class of competing TS - more specifically, a subclass of
alternative systems. Before diving into this topic, let us define the subject of study. Competing
technical systems are those that perform the same main function but in different ways. Examples
include a glass and a cup; a steam locomotive, a diesel locomotive, and an electric locomotive; a gas
stove and an electric stove.

While the definition of competing TS seems straightforward, it contains hidden challenges. Special
attention must be paid to ensuring the main functions match. Misidentifying functions can lead to
erroneously grouping systems with differing main functions into the competing class, which
would involve entirely different mechanisms for transitioning into supersystems. For instance, a
house and a tent, or cinema and television, are not competing TS.

Competing systems were first identified as a separate class by B. L. Zlotin in a 1984 publication in
the journal Inventor and Rationalizer. Since then, the term has become widely recognized in TRIZ
methodology (3, p. 72). In this article, the authors distinguish a specific subclass of competing TS
- alternative systems - whose mechanisms for integration into supersystems present particular
heuristic interest.

Alternative technical systems (AS) are competing systems that have at least one pair of opposing
advantages and disadvantages. In other words, what is advantageous in one system is a
disadvantage in the other, and vice versa. AS effectively complement each other in terms of a
specific pair of characteristics. These characteristics are the properties of a technical system (TS)
upon which TRIZ builds technical contradictions, such as speed, stability, strength, power,
precision, complexity, productivity, as well as losses of matter, energy, information, or time.

Given that the ideality of a TS is determined by its functional performance relative to the resources
expended, typical TS characteristics can be grouped into two categories:



o characteristics defining functional performance (e.g., speed, power, precision, load capacity,
etc.), and

o characteristics defining the cost of performing functions (e.g., complexity, manufacturability,
degree of automation, losses and expenditures of energy, materials, information, or time -
essentially, trade-off factors).

Most often, alternative systems complement each other across a pair of characteristics from these
two groups. For instance, one TS may excel at performing the main function, while the other is
simpler and less expensive.

Example 1

The classic spoked bicycle wheel is a tensioned spatial structure in which the rim operates
under compression and the spokes under tension (Figure 1). This design allows the wheel to be
both strong and lightweight. However, the manufacturing process for such wheels is highly
complex. It involves manual, labor-intensive assembly operations and requires intricate and
sensitive equipment to adjust spoke tension. Additionally, producing threaded spokes and their
corresponding nuts is a laborious task.

An alternative technical system to the spoked wheel is the disc wheel (Figure 2). Compared to
the spoked wheel, the disc wheel has a clear advantage - simplicity of manufacturing. Disc wheels
can be produced in a single stamping operation. However, this simplicity comes with a significant
disadvantage that contrasts with the strength of the spoked wheel. A disc wheel of the same size
as a spoked wheel, with the same weight, is less durable. Conversely, to match the strength of a
spoked wheel, a disc wheel would need to be heavier.

For this reason, stamped disc wheels are primarily used in children's bicycles, where
performance requirements are less demanding. Disc wheels for sports bicycles, on the other
hand, are made from exceptionally strong and lightweight materials, such as reinforced carbon
fiber, using sophisticated manufacturing processes. These wheels are extremely expensive, with
each costing over $400. Due to their high cost and specialized nature, such disc wheels cannot be
considered a practical alternative technical system to the spoked wheel.
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Figure 1. Spoked bicycle wheel. Figure 2. Disc wheel.



Example 2

A known device for raking dry peat into windrows (Figure 3) consists of lightweight, mounted
equipment for a wheeled tractor. It features a bulldozer-style blade (bar) positioned at an angle
to the tractor's direction of movement. The bar can be raised or lowered to adjust the amount of
peat being collected. This design is advantageous due to its simplicity, low cost, and high
productivity, with bar lengths ranging from 10 to 19 meters. However, this type of windrower
does not ensure high-quality peat collection: uneven ground causes it to either gather some wet
peat or leave portions of dry peat behind in the field.

An alternative technical system (Figure 4) operates on a vacuum principle, capturing only dry
peat and thus delivering superior collection quality. However, the disadvantages of this system
are the opposite of the blade's advantages: it has larger dimensions and weight, lower
productivity, and a more complex and expensive design.
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Figure 3. Bulldozer bar.
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Figure 4. Nozzle of the pneumatic peat collection device.

Example 3

In the traditional housing of a household meat grinder (Figure 5), the inner surface features
straight ribs that prevent the product from rotating. The housing is manufactured by pressure
casting using aluminum alloys. The advantage of this design lies in the relative simplicity of the
mold - its core, which forms the internal cavity of the housing, moves in a straightforward
reciprocating motion. However, the downside is that the normal pressure exerted on the product
by the screw's spirals does not align with the product's movement along the ribs. This
misalignment creates a harmful force component that crushes the product and squeezes out its
juices.

An alternative design, developed by the French company Moulinex, features a meat grinder
housing with spiral ribs on the inner surface (Figure 6). This design offers several advantages:
the force exerted by the screw's spirals almost aligns with the product's movement along the ribs.
As a result, the product is less crushed, the quality of the ground meat improves, and energy
consumption during processing is reduced.
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Figure 5. Meat grinder housing with straight ribs.
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Figure 6. Meat grinder housing with spiral ribs.

A significant disadvantage of this design is the need for a more complex mold for manufacturing
- the core that forms the internal cavity of the housing can only be removed by unscrewing. Due
to this complexity, such a solution is not used in domestic practice.

Example 4

The plain bearing (see Figure 7) has numerous undeniable advantages: simplicity of
manufacturing, the ability to handle high radial loads with compact dimensions, and silent
operation at high speeds. However, it also has a significant drawback. During a stop, the lubricant
film is displaced in the lower part of the clearance under the shaft's weight. This displacement
causes dry friction to occur instead of sliding friction, leading to a sharp increase in the starting
torque. For example, it is much harder to move a stationary railcar than to keep it moving.
Attempts to mitigate this issue include using inserts made of antifriction materials, but this
makes the bearing complex and expensive.

An alternative system with opposing advantages and disadvantages is the roller bearing (see
Figure 8). By employing rolling friction, it ensures a low starting torque even without lubrication.
However, its drawbacks include complexity, lower radial load capacity, higher cost, operational
noise, and limitations on rotational speed.
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Figure 7. Plain bearing. Figure 8. Roller bearing.

Example 5

The core of the E-shaped laminated core transformer (Figure 9) is simple to manufacture and
offers decent performance characteristics. However, a significant drawback is the imperfection
of the clamping mechanism for the core laminations. This mechanism involves four pressure
plates, four tie rods passing through holes at the corners of the laminations, and eight nuts. The
need to punch holes in the laminations for the tie rods reduces the durability of the stamping
tools, and these holes themselves hinder the magnetic flux flow. To prevent short circuits
between the laminations and the tie rods, insulating sleeves must be used, which are labor-
intensive to produce.
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Figure 9. E-shaped laminated core transformer. Figure 10. Wound tape core transformer.

An alternative system is the wound tape core transformer, where individual laminations are
glued together, and both halves of the core are secured using a flexible tape with its ends fastened
by a buckle (Figure 10). This design has the advantage of a simple and effective clamping
mechanism for the core. However, its primary disadvantage lies in the complexity of
manufacturing the core itself, which necessitates specialized and costly equipment.



Example 6

The core stack of the electrical machine (Figure 11) is assembled from sheets of electrical steel,
"bonded" together using an epoxy compound, which also electrically insulates the sheets from
one another. The manufacturing technology for bonded core stacks is relatively simple and
efficient; however, the bonding strength of the sheets in the stack is low. An alternative design is
known: at the Sachsenwerk enterprise (Dresden), bonded core stacks are additionally reinforced
with numerous copper rivets (Figure 12). This significantly increases the strength of the stacks,
but at the same time sharply raises labor intensity: holes for the rivets have to be drilled in
already bonded stacks, requiring special riveting equipment, etc.
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Figure 11. Bonded core stack. Figure 12. Bonded core stack with copper rivets.

Alternatives of all systems - HYBRIDIZE!

(goals and objects of alternative systems integration)

Now that the concept of alternative systems (AS) has been clarified, let us return to the law of
transition of technical systems (TS) into supersystems. But first, a brief definition: the term of
basic system refers to the technical system being analyzed during a function analysis of the system
(FA), inventive situation research using TRIZ, or forecasting. The goal of any analysis is to improve
the initial TS - either by enhancing its functional performance or reducing its operating costs, in
line with the law of increasing value.

The effectiveness of integrating the base TS with an alternative system lies in the very nature of
the alternative system, which lacks the primary disadvantage of the initial TS. This, in itself,
indicates that the alternative system possesses sufficient resources to address the issues of the
initial TS. The resulting system, formed by combining the two, retains the strengths of both
alternative systems while eliminating the disadvantages that initially defined their
complementarity. The resources of the systems being hybridized are considered in the broadest
sense: material, field-based (energy and informational), spatial, and temporal.

Thus, one pathway to improving the basic TS is to combine it with an alternative system. However,
the first step is to identify such a system. Ideally, this should be a real (or previously existing)
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system that exhibits complementarity in terms of a pair of characteristics. ,Live” TS have already
undergone function analysis, so their main strengths and weaknesses are well-documented.

For example, in example 1, the object of the analysis was initially a spoked wheel, with the task of
significantly reducing its manufacturing complexity. The work was carried out as part of an FA of
the Iveria bicycle at the request of the Dimitrov Tbilisi Aviation Manufacturing Association, which
was diversifying into consumer goods. Attempts to improve manufacturability were initially
confined to the spoked wheel design. However, the search for an alternative TS led to the
identification of the already existing disc wheel, which was unsuitable for road bicycles.

If no real alternative TS can be identified, a hypothetical one can be imagined by assigning it
advantages and disadvantages that are the opposite of those of the initial TS. In example 2, the
initial TS was a bulldozer-type peat windrower. The quality of dry peat collection using the blade
did not satisfy the developer, the Finnish company VTT. During the development forecast for this
system, we considered the idea of an alternative TS capable of collecting all the dry peat (and only
the dry peat) from the field. We referred to this system as the ,vacuum cleaner.” Later, it turned
out that such a TS had already been developed and tested by Finnish specialists, and indeed
possessed complementary advantages and disadvantages relative to the blade.

The most effective systems to integrate into a supersystem are those that have reached their
developmental limits: their internal resources are exhausted, but they can still benefit from each
other. In Case 1, both the spoked and disc bicycle wheels have long been in a ,stagnant” state.
Hundreds of patents exist for each design (and over 16,000 for bicycles overall), none of which
successfully reconcile the key technical and economic characteristics of the wheel - weight,
strength, and manufacturability.

Attempts to improve the wheel using the latest materials and technologies (e.g., carbon
composites for discs, special alloys for spokes and rims) have not significantly enhanced weight-
to-strength ratios and have instead led to a sharp increase in costs.

There are also cases where TS that have not yet reached their developmental limits are integrated
into a supersystem. This occurs when a new TS, intended to replace an old one that has reached
its peak, is not yet ready to fully supplant it and becomes an alternative for the old system
temporarily. For example, early steamships could navigate calm waters, unlike sailing ships, but
were far less economical. As a result, during the gradual displacement of sailing ships, hybrid sail-
steam vessels appeared, combining the advantages of both alternative systems.

This highlights a pressing research topic within TRIZ: the criteria for selecting one competing TS
over another to replace an obsolete system. One such criterion might be the new system's
alternative nature relative to the old one. The new system should eliminate the primary drawback
of the ,stagnant” system and significantly improve its functional performance. However, the
complexity of the new TS may increase significantly, and its further development may progress by
integrating alternative systems to reduce operating costs.

Another point to consider is the degree of difference between the alternative systems being
integrated. While maintaining the same main function, these systems may differ in their operating
principles (e.g., mechanical vs. pneumatic peat windrowers) or construction (e.g., bonded vs.
riveted magnetic core stacks in electrical machines). Furthermore, the main function of the same
object can be formulated at varying levels of functional generalization. For example, the hierarchy
of main function formulations for a meat grinder might look like this:

e grind meat,
e grind food products,
e grind any materials,



e produce material of a specific particle size (not limited to grinding).

It is evident that at more generalized levels of formulation, competing (and thus alternative)
systems can include TS that differ significantly from each other. The greater the differences
between the alternative TS being integrated into a supersystem, the more effective and non-trivial
the technical solutions that such integration can yield.

The mysterious disappearance

(mechanisms of transition into a supersystem for alternative systems)

We have explored the goals of integrating alternative systems (AS) and the characteristics of the
systems being combined. Now, the key question remains: how does this integration occur? Let us
first examine some principles and mechanisms of transitioning into a supersystem for individual
AS. Afterward, we will attempt to present a comprehensive view of this transition.

1. Base system

When transitioning into a supersystem, one of the alternative systems is considered the base.
Typically, the system with lower operating costs — simpler, cheaper, and more manufacturable - is
chosen as the base. The supersystem is built upon the foundation of the base system but
incorporates the functional performance of the second, more effective alternative system.

Example 1

The simple and manufacturable disc wheel is chosen as the base system. At the same time, the
supersystem is expected to achieve the lightness and strength of the spoked wheel.

Example 2

The simple and inexpensive bulldozer-type peat windrower is chosen as the base system, while
the supersystem is expected to achieve the dry peat collection quality of the pneumatic vacuum
collector.

Similarly, the following serve as base systems in other examples:

e in example 3: the meat grinder housing with straight ribs,
e in example 4: the plain bearing,

e in example 5: E-shaped laminated core transformer,

e inexample 6: the bonded core stack without rivets.

It is important to note that the base TS can be either the initial system (e.g, the bulldozer-type
peat windrower) or the identified alternative system (e.g., the disc bicycle wheel). Depending on
this choice, the AS supersystem, proposed as a solution to the initial TS's problems, will either
represent a subtask solution or a qualitatively new TS compared to the original. However, an
undeniable advantage of choosing the less costly system as the base is that the supersystem built
on it will always represent a subtask solution in the broader sense: either a minimal modification
of the initial TS or its simplification. This ensures that such a TS is always easier to implement in
production.
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2. Alternative technical contradiction

The task of integrating alternative systems into a supersystem is formulated as a pair of
»alternative” technical contradictions (ATCs), structured as follows: ,If the TS is implemented as
(name the base system), its advantage is (specify advantage), but it has the drawback of (specify
drawback). If the TS is implemented as (name the alternative system), its advantage is (specify the
resolved drawback of the base system), but it has the drawback of (specify the missing advantage
of the base system).”

Thus, unlike the traditional ARIZ-style technical contradiction, the alternative contradiction
compares the attributes of different systems. This represents a problem at a higher systemic level
and is often much less obvious than a contradiction within a single TS.

The formulation of a subtask based on an alternative technical contradiction is as follows: It is
necessary to propose a (name the TS) that combines the advantages of both alternative systems.”

Example 1

For both spoked and disc wheels, traditional ,,ARIZ-style” technical contradictions (TCs) can be
formulated.

For the spoked wheel:

TC 1: If the wheel has many spokes, it is strong, but its manufacturing and adjustment process
is complex.

TC 2: If the wheel has fewer spokes, the manufacturing process is simplified, but the wheel's
strength is unacceptably reduced.

For the disc wheel:
TC 1: If the disc is made from thick material, the wheel is strong but unacceptably heavy.

TC 2: If the disc is made from thin material, the wheel's weight is acceptable, but its strength is
unacceptably reduced.

For both systems, common alternative technical contradictions (ATCs) can be formulated:
ATC 1: If the wheel is spoked, it is lightweight and strong but lacks manufacturability.

ATC 2: If the wheel is a disc, it is manufacturable but has poor weight-to-strength
characteristics.

The task is to propose a wheel that is lightweight and strong, with manufacturability no worse
than that of a disc wheel.

Example 2
Technical contradictions for the bulldozer-type peat windrower:

TC 1: If the blade is raised high, only dry peat is collected (ensuring high quality), but significant
amounts of already dried peat are lost in the uneven ground (reducing productivity).

TC 2: If the blade is lowered, there are no losses of dry peat, but some wet peat is collected along
with the dry, which unacceptably degrades the product quality.

Currently, this problem is typically resolved through a compromise: the blade's position is
controlled by a specially trained and highly paid bulldozer operator. However, despite their
efforts, some dry peat remains in the field, and some wet peat ends up in the final product.

Alternative technical contradictions (ATCs):
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ATC 1: If a bulldozer blade is used for peat collection, the equipment is simple, inexpensive, and
highly productive, but the quality of peat collection is poor (a high percentage of wet peat and
losses of dry peat).

ATC 2: Ifa,,vacuum cleaner” is used for peat collection, the quality of collection is excellent (only
dry peat is fully gathered), but the equipment is heavy, bulky, expensive, and inefficient.

The task: Propose a simple, inexpensive, and high-productivity device capable of collecting only
dry peat without losses.

Example 3
Alternative technical contradictions (ATCs) for the meat grinder housing:

ATC 1: If the housing ribs are straight, the mold for casting is relatively simple, but the meat
grinder performs poorly - the product is crushed, juices are squeezed out, and the quality of the
ground meat deteriorates.

ATC 2: If the housing ribs are spiral, the performance of the meat grinder improves, but the
complexity of the mold increases unacceptably.

The task: Propose a well-performing meat grinder housing that can be manufactured using a
simple mold.

Example 4
Alternative technical contradictions (ATCs) for bearings:

ATC 1: If a plain bearing is chosen, it is simple, inexpensive, quiet, operates at high speeds, and
can handle large radial loads, but it has a high starting torque.

ATC 2: If a roller bearing is chosen, it has a low starting torque, but it is complex, expensive,
noisy during operation, limited in speed, and cannot handle large radial loads.

The task: Propose a design for a simple, inexpensive, quiet, high-speed bearing that can handle
large radial loads and has a low starting torque.

Example 5

ATC 1: If the core is of the E-shaped laminated core transformer, it is simple to manufacture but
has an inefficient clamping mechanism for securing the laminations.

ATC 2: If the core is of the wound tape core transformer, it features a simple and effective
clamping mechanism, but the core itself is difficult to manufacture.

The task: Propose a core design that is easy to manufacture and incorporates an efficient
clamping mechanism.

Example 6

ATC 1: If the core stacks are assembled solely by bonding with an epoxy compound, the
manufacturing process is not labor-intensive, but the strength of the stacks is insufficient.

ATC 2: If the bonded core stacks are additionally reinforced with numerous copper rivets, the
strength of the stacks becomes very high. However, this leads to an unacceptable increase in
labor intensity and material costs (due to the copper rivets).

The task: Propose a design for a core stack that achieves strength equivalent to that of riveted
stacks while maintaining the manufacturability of a standard bonded stack.
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3. Feature transfer

The primary mechanism for resolving alternative technical contradictions (ATCs) is the transfer
of the desired properties of the alternative system to the base system. Importantly, it is not the
structural elements themselves that are transferred, but the properties that provide the
advantages present in the alternative system but absent in the base system. These properties may;,
in some cases, be structurally tied to specific elements, but they can also be implemented through
other means.

Example 1

The advantage of the spoked wheel - high strength combined with low weight - is achieved
through the pre-tensioned structure. By transferring this property to the disc wheel, the
concept of volumetric tensioning for discs emerges. However, the required property is
implemented in the disc wheel in a completely different way than in the spoked wheel: instead
of numerous spokes with nuts, it uses a simple expandable hub and a few adjustment bolts.

Figure 13 illustrates the design of a disc (diaphragm) wheel with volumetric tensioning of the
discs. Preliminary calculations indicate that the diaphragm wheel, while maintaining the same
strength as the spoked wheel, has a lower weight. Moreover, as previously noted, the
manufacturing and adjustment of the diaphragm discs are significantly more manufacturable
than those of spokes.

rim
diaphragm discs
(initial and working state)

tension screws

bushing

Figure 13. Disc wheel with volumetric tensioning.

Example 2

The key property of the pneumatic collector that ensures high-quality dry peat collection is the
matching of the density of the tool (airflow) with the material being collected (dry and wet

peat).

Example 3

The key property of the housing with spiral ribs that ensures the efficient operation of the meat
grinder is the alignment of the product's movement vector with the direction of the pressure
exerted by the screw threads.
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Example 4

The property of the roller bearing that ensures its low starting torque is rolling friction, which
is significantly lower than sliding friction.

Example 5

The efficiency of the wound tape core transformer is determined by the uniform distribution of
compression forces. This very property has been transferred to the E-shaped laminated core
transformer, but it has been implemented differently: using special arched pressure elements
and a clamping tape.

Figure 14 shows the design of an E-shaped laminated core transformer with arched pressure
elements. The laminations are clamped with a flexible tape, eliminating the need to punch holes
in the laminations for tie rods. To prevent short circuits between the core laminations and the
clamping tape, an insulating strip is placed under the tape.

The proposed design is protected by Patent No. SU 1081677 and has been implemented at the
Kharkiv Electrotechnical Plant.

arch-shaped
pressing
element

clamping
tape

base-buckle )

Figure 14. Improved E-shaped laminated core transformer.

Example 6

The property of the riveted core stack that ensures its high strength is the through clamping of
the sheets along their perimeter.

4. Resources of alternative systems

The transfer of the desired property is achieved either through the resources of the alternative
system or by mobilizing the hidden resources of the base system. In both cases, the scope of
potential resources expands compared to those recommended in ARIZ.

The resources of the alternative system have two key characteristics:

1. Guaranteed availability - otherwise, the alternative TS would not have been able to
eliminate the shortcomings of the base TS.
2. Hidden nature - these resources are often unnoticed by specialists focused solely on
improving the original TS.
When addressing problems within ,their own” TS, specialists (and unfortunately, ARIZ as well)
rarely consider introducing contradictions from another system. However, this is precisely an
example of TRIZ logic where the apparent complication of the situation actually simplifies its
resolution.
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Example 2

Specialists attempted to achieve the desired property of the windrower blade by mobilizing the
resources of the blade itself, designing its working surface with features such as cuffs, lips,
brushes, etc. However, the most effective resource, matching the properties of peat, was
identified only in the alternative system.

Figure 15 shows the design of an improved bulldozer blade. It is hollow, with pressurized air
fed inside. The air is expelled through slotted nozzles at the bottom of the blade, directed
forward and sideways toward the windrow. The device operates as follows: the blade is raised
higher to collect only dry peat during movement. Any dry peat remaining in ground depressions
is blown out by the airflow, which is directed into the gap between the blade and the wet peat.
The direction of the airflow in this design is opposite to that of a ,vacuum cleaner;” making it
significantly more energy-efficient.

The combined use of two working elements with different operating principles ensures both
productivity (through the mechanical blade) and high-quality collection (via the airflow).

An even more ideal approach is to utilize the inherent resources of the base TS to implement
the desired property ,suggested” by the alternative system.

hollow blade

compressed air
compaction

Figure 15. Improved bulldozer blade.

Example 6

The required property from the alternative technical system (TS) - through clamping of the
sheets - can only be achieved using certain clamping elements. This requires a material
resource. Figures 16 and 17 demonstrate how the missing clamping elements can be created
using epoxy compound. For this, it is sufficient to punch holes in the sheets during stamping,
which later form channels for epoxy "rivets." This solution is protected by patent No. 1259421
and has been implemented at the Leningrad Electromechanical Plant.

15



fiberglass
cable

Figure 16. Core stack with epoxy fastening elements. Figure 17. Core stack with reinforced fastening elements.

Sometimes it is necessary to simultaneously utilize the resources of both alternative systems. For
example, in Example 3, the spatial resources of both straight-ribbed and spiral-ribbed housings
were combined. Figure 18 illustrates a meat grinder housing with wedge-shaped ribs.

The rear portion of each rib is straight, allowing the forming core to be removed using a
reciprocating motion, thereby maintaining the simplicity of the mold. The front (working) portion
of each rib is spiral, aligning the direction of product movement with the vector of the normal force
applied to the product by the screw threads. This significantly improves the performance of the
meat grinder.

This solution is protected by Certificate of Authorship No. 1353506 and has been implemented in
household electric meat grinders manufactured by the Leningrad Electromechanical Plant.
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Figure 18. Meat grinder housing with wedge-shaped ribs.

5. ,The effect of disappearance”

It may seem obvious that when two systems are combined into a supersystem, the resulting
system should explicitly include elements from both of the original systems. However, in the
integration of alternative systems (AS), this often works differently. Due to the shared main
functions and the transfer of properties rather than structural elements to the base system, the
resulting supersystem of alternative systems almost always resembles the base system externally.
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The alternative system seems to ,dissolve” into the base system, leading to an almost complete
folding of shared elements.

As with an ideal system (which does not exist but whose functions are performed), one of the
alternative systems is practically absent, while its properties - determining the required
functional characteristics — are implemented within the base system. For instance, the wheel with
volumetric tensioning (Example 1) looks almost identical to a conventional disc wheel. The
supersystem bearing (Example 4) can only be distinguished from a standard plain bearing under
a microscope.

However, such a degree of integration when transitioning into a supersystem is not always
achievable. In the supersystem peat windrower (Example 2), transformer core (Example 5), and
meat grinder housing (Example 3), the elements of both alternative systems remain visibly
distinct.

6. Primary and secondary pairs of alternative characteristics

Alternative systems may have more than one pair of mutually opposing advantages and
disadvantages. However, one of these pairs always pertains to the main function of the technical
system (TS), while the others relate to secondary functions. As a result, the task is defined for the
primary pair of alternative characteristics (the primary ATC). The secondary ATCs are either
resolved as a byproduct (super-effect) of addressing the primary ATC or through solving a series
of secondary problems.

Example 2
For the peat windrower, the alternative technical contradictions (ATCs) are as follows:
e The mechanical windrower is simple, but ineffective.
e The pneumatic collector is effective, but complex.
Another ATC:
e The pneumatic collector is effective, but produces excessive dust.
e The mechanical windrower does not produce dust, but it collects peat inefficiently.

The primary task is resolved through the ATC, while the dust issue is addressed within the
supersystem. This is achieved by reducing air consumption when blowing through a slit
(compared to suction through a wide nozzle) and by distributing the airflow throughout the
volume of peat on the blade of the bulldozer.

A key feature of the supersystem for alternative systems is that, beyond combining the
advantages of the two constituent systems, it often has resources to address shortcomings not
directly related to the alternative contradictions. These resources also help solve secondary
problems that arise during integration.

Example 1

In the wheel with volumetric tensioning, several issues were successfully addressed, including
the elimination of lateral runout (commonly referred to as ,,wobble”), the reliable connection of
the discs to the rim, and improvements in the manufacturability of the hub, among others.

Example 2

The pneumo-mechanical supersystem can be used not only for windrowing but also to enhance
the efficiency of turning (drying) peat in the field.
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Example 3

The supersystem - a meat grinder housing with wedge-shaped ribs - offers additional
advantages that were absent in either of its two alternative system prototypes. For instance, the
front part of each rib can be designed with a variable pitch, ensuring better alignment with the
screw, whose threads also have a variable pitch. This further improves the grinder's
performance.

Additionally, the wedge-shaped ribs enhance the durability of the mold, as removing the
forming core from the internal cavity of the housing is easier compared to a housing with
straight ribs.

Example 5

The unique advantage of the new supersystem transformer core design is that the upper arched
element can be made of plastic and can simultaneously perform the functions of other
transformer components, such as terminal blocks, housing, switch, etc. The role of the fastening
buckle is performed by the lower pressure element, which also serves as the base of the
transformer.

Example 6

When combining the technical systems (TS), a secondary issue arose: how to prevent the liquid
compound from leaking out of the through channels formed in the core stack. As a supersystem
resource, it was proposed to use the fiberglass cord already available in the workshop. The
liquid compound penetrates the capillaries of the cord and does not leak out of the through hole.
As a result, a reinforced epoxy "rivet" is formed (Figure 17), which is nearly equivalent to a
copper rivet in mechanical strength..

7. Chains of alternative systems

It is worth noting that the transition into a supersystem of alternative systems is not a singular
event but a sequentially evolving process. The newly formed supersystem of alternatives becomes
a system with its own shortcomings. By applying the principle of complementarity, new
alternative systems can be identified to address these shortcomings, leading to further transitions
into new supersystems, and so on. This creates a kind of chain of successive alternatives.

Example 5
The initial TS: an E-shaped laminated core transformer with tie rod clamping.
Alternative TS-1: a wound tape core transformer with tape clamp fastening.

Supersystem 1: an E-shaped laminated core transformer with tape clamps and arched pressure
elements.

Alternative TS-2: a glued (impregnated) transformer core.

Supersystem 2: an E-shaped laminated core transformer with temporary technological tape
clamps (e.g., insulating tape) and final bonding using epoxy compound impregnation.

Task, solution, forecast

(applications of mechanisms for transition into a supersystem of alternative systems)

The proposed mechanisms have been tested in practice in three areas of application.
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1. Task formulation

A relatively simple algorithm can be proposed:

1.1. Select the initial technical system (TS) that needs improvement.

1.2. Define the main function of the initial TS.

1.3. Identify a range of competing TS.

1.4. Formulate the main contradiction of the initial TS (functional vs. cost-related).

1.5. From the competing TS, identify an alternative system based on the principle of
complementarity to the main contradiction of the initial TS. If no real alternative system is found,
construct a hypothetical alternative TS.

1.6. Formulate the alternative technical contradiction (ATC).

It is worth noting that transitioning to a supersystem of alternatives allows for the formulation of
deeper, less obvious problems - even for specialists. This is because the task is defined for two
systems simultaneously, which is highly atypical for traditional problem formulation approaches.

2. Problem solving

It is worth recalling that the laws of technical evolution are not designed to generate specific
technical solutions. Instead, they point to the direction of TS development and trends in their
improvement. However, some specific mechanisms for transitioning into a supersystem of
alternative systems (AS) can aid in solving practical problems.

The transition to a supersystem of alternative TS is achieved through resolving the ATC.
Interestingly, the ATC itself is not ,processed” further during problem-solving. Its resolution
becomes the outcome of working with the base TS. For the base TS, a classic technical
contradiction (TC) is formulated and resolved using well-known TRIZ methods (ARIZ, standards).
The resources for solving the problem are drawn from the alternative system (or, in some cases, a
combination of resources from the base and alternative TS).

A unique feature of solving problems via ARIZ in this context is that, at Step 1.4, the TC scheme
chosen is not the one that best ensures the main function but the one that emphasizes simplicity
and cost-efficiency of the TS. At Step 3.2 of ARIZ, the primary resource selected is the one from the
alternative TS that provides the advantage absent in the base TS.

Example 2

For the mechanical peat windrower, the problem is solved using a standard technical
contradiction (TC): the blade must be raised high to avoid collecting wet peat, yet it must be
lowered low enough to gather all the dry peat from depressions. This is a typical problem of
selective-maximal mode (Standard 1.1.8). According to the standard, the solution involves
setting the blade with a deliberate gap to ensure no wet peat is collected. In areas requiring
maximum effect (the gap and depressions), a local field must be applied. But where can this
field come from?

Within the mechanical windrower, the necessary resources are absent - this is precisely why
this TC, familiar to many specialists, seemed unsolvable. The field required for the solution can
(and should) be sourced from the alternative system: a pneumatic field - an airflow. In the
solution, we used this field more energy-efficiently, not for suction but to blow the remaining
dry peat under the bulldozer blade.
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Example 4

For the base system - a plain bearing - the task is to reduce the starting torque without using
antifriction alloys. Direct application of a resource from the alternative system - balls from a
roller bearing - leads to the formulation of a new problem based on the following physical
contradiction: the balls must be present in the lubricant to ensure rolling friction at startup, but
they must not be present during operation to maintain the sliding regime.

Figure 19 illustrates the improved plain bearing. Glass microspheres are added to the lubricant,
providing rolling friction during startup and not interfering with the operation of the plain
bearing during rotation. Furthermore, the spheres smooth and strengthen the surface by
rounding the sharp edges of irregularities, effectively polishing it. This significantly reduces the
friction moment of the pair, eliminating the need for antifriction inserts. The power required
for the starting drive is reduced by threefold.

Glass microspheres perform under compression as effectively as metal (with a diameter of 220
um, they can withstand pressures up to 8,000 atm). Their small size allows them to pass freely
through the filters of the lubrication system. They are also easy to produce - from molten glass
in an air stream with slow cooling.

lubricant

glass
microspheres

Figure 19. Improved plain bearing.

In light of the concept of alternative technical contradictions (ATCs), it is interesting to revisit
several well-known TRIZ problems involving a missing useful-harmful element. Examples include
the slag problem (the missing cover does not obstruct the pouring of slag but fails to protect it
from cooling) and the lightning rod problem (the missing lightning rod does not create radio
interference but also does not capture lightning).

When analyzed using ARIZ, such problems encounter difficulties in building a task model and
identifying resources associated with the missing element. It is now evident that these are not
cases of a typical classic TC but rather of an alternative TC. In such problems, the alternative
system is either a real or hypothetical TS without the missing element. This system, being simpler,
is chosen as the base.

The resource that enables the function of the missing element is identified within the base system
itself (e.g., foam from the slag, a lightning rod formed from air). The alternative system with the
present element merely defines the required functional characteristics, which must be no worse
than those of the alternative TS.

As a means of resolving ATCs, the described mechanisms for transitioning into a supersystem of
alternatives, combined with the well-developed TRIZ tools (ARIZ, standards, information
database), reliably enable the creation of specific technical systems at a sufficiently high level. This
has been demonstrated by the authors in solving a number of practical problems in recent years.
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For instance, the development of a significantly innovative bicycle design left a strong impression
on cycling specialists..

3. Predicting the development of technical systems

For forecasting, both the mechanism for formulating tasks to integrate alternative systems (AS)
into a supersystem and the methods for solving problems with ATCs are of interest. Contradictions
formulated for alternative systems that are in the early stages of development and have not yet
reached their limits have a predictive nature. Specific technical solutions that resolve these
contradictions create a supersystem with qualitatively new characteristics. If specialists ,trust”
such forecasts based on the laws of technical evolution and prepare production in advance for the
new system that will inevitably replace both AS, they will achieve significant techno-economic
benefits. The new system will have the functional performance of the more efficient AS but with
costs matching the less expensive one. Moreover, as with any reliable forecast, a significant time
advantage is also achieved.

I’'m switching to reception

(techniques for transitioning into a supersystem of alternative systems)

Resolving alternative technical contradictions (ATCs) and building a supersystem of alternative
technical systems (TS) requires specific techniques. These techniques enable the transfer of
desired properties from the alternative system, the integration of elements from the base TS, and
the property-carrying elements of the alternative system. Statistics from practical problem-
solving show that typical techniques for transitioning into a supersystem of alternatives include:

1. “Nested doll” (,Matryoshka”): The resource of the alternative technical system (TS) is placed
inside elements of the base system. Example 2: air from a pneumatic hay collector (alternative
TS) is located inside the hollow blade of a bulldozer (base TS).

2. Transition to another dimension: Elements that functioned (or were located) at a point,
along a line, or on a plane in the alternative system, operate in a higher-dimensional space in
the base system. Example 1: the solution is achieved by shifting from linear spoke tensioning
to volumetric tensioning of a disk wheel. Example 5: linear clamping of the magnetic core with
studs is replaced by a volumetric arched structure.

3. Change of the physical state (parameter changes): When an element of the alternative TS is
integrated into the base system, its new physical state enables alignment of its properties with
those of the interacting elements of the base TS. Example 6: in the magnetic core stack of an
electric machine, rivets are made from a liquid compound, allowing a transition from drilling
rivet holes in the assembled stack to the far less labor-intensive process of punching holes in
individual sheets.

4. Periodic action: The supersystem alternately utilizes different properties of the included
alternative systems depending on the conditions. Example 4: during start-up, the
supersystem with microbeads functions as a rolling bearing, while during regular operation
it functions as a sliding bearing. Example 3: the wedge-shaped ribs of a meat grinder act as
spiral ribs during operation, but during manufacturing in a mould they behave as straight
ribs.

5. Segmentation: If the useful property in the alternative system is provided by a macro-level
element, then transferring it to the base system is more effective when the property is
implemented at the micro-level. Example 4: a sharp physical contradiction (the system
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requires balls to ensure rolling friction, but the balls must not be present to allow lubricant
26 to pass through the filter) is resolved by using microbeads that easily pass through filters.

Law is law

(the connection between transition to an alternative supersystem and other laws of technical systems
evolution)

The transition to an alternative supersystem is closely tied to other laws governing the
development of technical systems (TS). To begin, it's important to note that transitioning to an
alternative supersystem significantly enhances the ideality of a TS according to the well-known
formula: I = F / C, where | is is the ideality of the system, F represents its functional performance,
and C denotes the costs associated with the TS’s lifecycle.

By transitioning to an alternative supersystem, it is possible to achieve the functional performance
of an alternative TS while incurring costs that are nearly equivalent to those of the base system.

To imbue the base TS with certain properties of the alternative system, it is essential to increase
the dynamism of the base TS, particularly in those elements that will adopt the new properties.
For example, in Example 1, wheel disks are made stretchable, and the hub becomes adjustable.
The dynamism of the alternative supersystem also manifests in the alternating appearance of
properties from the two systems under varying conditions (see examples of periodic action
techniques).

When new elements, carriers of the useful properties of the alternative TS, are introduced into the
base system, these elements must be aligned with the components of the base TS with which they
interact, as well as with the overall product. This alignment must address components, structure,
action rhythm, and other critical characteristics.

Example 2: In the alternative supersystem, air is delivered exclusively to the gap under the
bulldozer blade (aligned with the base TS structure). The delivery occurs in pulses matching the
natural frequency of peat granule vibrations (aligned with the product’s rhythm).

When transitioning to an alternative supersystem, the subsystems common to both the base and
alternative technical systems (TS) inevitably undergo consolidation. Often, this consolidation is so
yradical” that the TS appears externally indistinguishable from the base system, even though it
also possesses the properties of the alternative system. This, as mentioned earlier, is a distinctive
feature of an alternative supersystem, where the supersystem itself is often almost invisible. In
Example 5, the alternative supersystem of an E-shaped magnetic core with a tape tie looks nearly
identical to the base TS. However, the tape tie becomes more efficient and does not compromise
the magnetic core's functionality.

Transitions to alternative supersystems frequently improve the completeness of the TS
components. This happens when an element ,missing” from the base TS is added from the
alternative TS - most often a control system. In Example 1, disk wheel is supplemented with a
control system that regulates the stretching and compression forces acting on the disks and rim.
In Example 2, a mechanical roller is enhanced with a system to manage the position of the working
element relative to the product. The new working element - a blade combined with air - includes
an air stream as a controlled component.

A few concluding thoughts: Humanity incurs enormous losses by creating alternative
implementations for nearly every TS, where one drawback is eliminated at the cost of introducing
another. This technical multiplicity has long been considered unavoidable and even celebrated as
a virtue (e.g., ,You have a choice: high quality or low cost”).
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However, the ability to analyze an alternative system - at least hypothetically - during the design
of a new system and to construct a supersystem that combines the advantages of both while
eliminating their shortcomings could reduce unnecessary plurality in technology. Such an
approach would conserve tremendous resources.

The authors extend their gratitude to V. V. Mitrofanov, B. L. Zlotin, V. E. Dubrov, A. L.
Lyubomirsky, A. M. Pinyayev, and Y. P. Salamatov for their valuable recommendations and
insights.
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