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Abstract. Contradiction indicates that a technical solution has both beneficial and
harmful effects to product. The implicit contradiction gradually appears during the
product use, which can cause great losses to users. The existing research on
contradictions mainly focuses on the solution of existing contradictions. This paper
proposes an attribute-based method to identify and solve implicit contradictions in
product development to improve the safety and reliability of the product. Using the
relationship between product attributes and functions, the anticipatory failure
determination and resource attribute similarity are proposed to identify implicit
contradictions comprehensively and effectively. TRIZ tools and function-behavior-
effect oriented search are applied to solve implicit contradictions. A pipe cutter is
analyzed in a case study to illustrate the feasibility of the proposed method.
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1 INTRODUCTION

Innovation increases the success rate of mechanical products in the market and plays an important
role in the product development. The innovation translates customer needs and desires into the
final product implementation [28]. Innovative products attract interests of customers [14].
Innovation generates value for money, quality and safety. Innovation is not randomly formed; it
requires a systematic methodology [2]. As studies show that the concept design determines 80%
of the cost of new product development [38], an innovative method of product design can
effectively improve the product performance and reduce waste of resources.
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The stage-gate model is commonly used in the area of mechanical product design to manage
the product innovation process. This model was first proposed by Cooper in 1988 and is based on
successful product development experience with a large number of large and successful companies
[11]. The development process is divided into stages, including the complete development process
from Idea Generation to Launch. Evaluative "gates" between phases determine whether the results
of the previous stage meet the design requirements and select what to move on to the next stage.
Several evaluation sessions and decisions ensure that the project and process are correct, keeping
focus on the customer and the market and increasing success and efficiency. Over the years,
researchers and companies have optimized the Stage-Gate process to accommodate design
development processes for products with different characteristics [12].

The root of innovation is to solve key technical problems [34]. Mainstream innovative design
methods focus on the transformation of requirements to product design indicators [36], such as
QFD (Quality Function Deployment), FBS (function behavior structure) and AD (axial design).
However, there is a lack of the effective solution to contradiction problems encountered in the
design process. TRIZ (the theory of innovative problem solving) [1] provides tools for solving
contradictions in design. The evolution of the technology system or product is a spiral
development, accompanied by the settlement of contradictions.

Contradictions mean that the change of a technical index can lead to both beneficial and
harmful effects. For example, increasing the battery capacity of a cell phone will produce two
effects: improving battery life and bulkiness. There are technical and physical contradictions of the
technical system in the engineering field. The technical contradiction refers to the opposite
characteristics in a subsystem or component. The physical contradiction is the opposite
characteristics between two or more subsystems. According to the degree of prominence,
contradictions can be divided into explicit and implicit contradictions. The explicit contradiction
refers to a kind of contradictions that are obviously to produce harmful results and can be solved
immediately, otherwise the system cannot work normally. The implicit contradiction is one that
does not have negative impacts on the system at present, but will gradually appear with the
change of time, environment, or other factors. The implicit contradiction in product, when it
occurs, will cause great losses to users.

Contradictions are ubiquitous, dynamic and obstruction in the product development. We must
accurately find and completely solve contradictions rather than to alleviate them using compromise
methods [39]. Classic TRIZ uses engineering parameters and contradiction matrix to determine
contradictions and invention principles. OTSM-TRIZ uses the ENV model to express contradictions
for the internal relationship between contradictions, which is good at solving interdisciplinary
complex problems [6]. The Root Case Analysis (RCA) analyzes contradictions through the
hierarchical decomposition of cause and effect of problems [24] to deeply excavate contradictions
that are easy to be ignored. Some studies have used QFD to assist in finding and identifying key
contradictions [16], which can improve the effectiveness of contradiction identification.

The existing research on contradictions focuses on the contradictions that have occurred, and
pays less attention to implicit contradictions. This paper explores the implicit contradiction
according to product attributes and their relations to improve objectivity and comprehensiveness
of design solutions. Methods of Anticipatory Failure Determination (AFD) and Function-Behavior-
Effect oriented search (FBEOS) are used to find and solve implicit contradictions. A pipe cuter is
developed as an example to illustrate feasibility of the proposed method.

2 RELATED WORK

2.1 Methods of Anticipatory Failure Determination

There are different theories and methods for fault diagnosis. Failure Mode and Effects Analysis
(FMEA) is a common tool for the fault analysis [29][35]. The critical view is that FMEA is a basic
process commonly used in the industry, but it is unable to find all potential faults [18]. Methods of
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Anticipatory Failure Determination (AFD) is a failure analysis and prediction tool based on TRIZ. It
can analyze the potential failure modes of a system and produce high-quality solutions using TRIZ.
AFD reverses the traditional idea of failure analysis from "why failure" to "how to make it fail" [35].
The unique feature of this method is to deliberately invent failure, which is based on the
Subversion Analysis, also known as Sabotage Analysis [9]. Silva [35] compared AFD and FMEA in
theory and practice, and found that AFD is more suitable for product design and development.
There are two main AFD methods, AFD-1 and AFD-2. AFD-1 is used to identify faults that have
occurred and AFD-2 is used to predict faults that have not yet occurred. AFD-2 is used, for
convenience, called as AFD in this paper.

The combination of AFD and other theories is a trend. Bai [3] proposed a failure prediction and
solution method combining AFD, CREAM and TRIZ, focusing on the failure cause to form a complete
analysis process. Thurnes [37] hybridized FMEA and AFD for a new failure prediction method, which
combines advantages of FMEA and AFD, but the process is complex. Zhang [42] developed a
general failure prediction model based on the interaction of material attributes in the function and
AFD. But the process is complicated and not applicable to complex systems. Jensen [21] proposed
a system risk identification method by combining AFD and FRAM (functional resonance analysis
method), and using a creative approach to invent potential hazards and threats in complex
systems, but its accuracy needs further validation.

AFD plays an important role in practical product design. Chen [8] used AFD to identify
problems in product systems and used TRIZ to complete an improved design of battery explosion-
proof equipment for lithium batteries. Chybowski [10] presented the application of AFD in the
conceptual design stage, assessing potential failures through multiple evaluation metrics for
analyzing devices to reduce hull resistance. Rau [30] proposed a green product design method
using AFD and TRIZ to reduce the environmental impact of products. Chen [7] proposed an eco-
friendly AFD approach for a failure expression method based on the inverse standard solution to
assist designers in addressing potential ecological risks in engineering systems.

In conclusion, AFD has advantages in failure prediction and can be improved by combining with
other methods. AFD has a wide range of applications and can be used to assist in product concept
design as well as in redesign. Due to its advantages for the failure prediction, AFD can be used to
assist in finding implicit contradictions in systems. But its accuracy and operability of the
predictions must be improved.

2.2 Attributes

Attributes are the unavoidable, essential and indivisible properties of tangible or intangible matter
that are the basis of distinction between substances [42]. Attributes are divided into essential and
non-essential attributes. Essential attributes are the unique and important characteristics of
something that is different from other things in a system or product. Based on the previous work
[4], the attributes can be divided into physical, chemical, process, material and geometric
attributes, 128 in total. For example, attributes can be prescribed and calculated measures of
material properties. The common measure of temperature is degrees Celsius. Thermal conductivity
is the ratio of heat transferred to time. Attributes can change over time and over space in nature
[41].

Function is the result of the effect of attributes. The substance-field model theory stipulates
that field F of substance Sz acts on substance S: to form a function. According to the ideal degree,
effects can be classified as standard, harmful, insufficient, or excessive results. A field is a special
attribute in the form of one or more specific substances Sx [4], such as electric fields, magnetic
fields, forces, etc. Functions of system components depend on the interaction of attributes shown
in the maintenance or change of attributes [4]. For example, the protection of a cell phone mainly
uses physical attributes of the shell to maintain the function. Obviously, the function is the
attribute effect of components in a product, according to user expectations. However, with
expected results there are unexpected results. If the unexpected result breaks the implementation
of the function, attributes can cause harmful effects between components. For example, the inner
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side of automobile windshields are easy to be covered by fog in winter because the temperature
attribute of glass changes the state attribute of water vapor from gaseous state to liquid.
Theoretically, after determining attributes and correlations of a system and system components,
potential problems or implicit contradictions can be identified in advance.

3 PROPOSED METHOD

3.1 The Concept of Requirements

Obtaining requirements at the beginning of product development is the key to success, and
requirements are present throughout almost the entire development process [13]. Requirements
Engineering is a subfield of software engineering that aims to specify the problems to be solved,
including requirements development and management. Requirements acquisition is the most
important branch of requirements development to be addressed first, followed by the analysis,
organization and validation of the obtained requirements. The key to requirements acquisition is to
synthesize a large number of abstracted requirements from various stakeholders, which are not
clear and are limited by business or technology constraints. Requirements may be vague or
incomplete [33], as no user or designer can correctly summarize all the requirements of a project.
Requirements can change from time to time due to changes in the external environment, etc., and
are difficult to anticipate. All these reasons make requirements acquisition a difficult process.

Mechanical product development also needs design goals and limitations, i.e., requirements.
The product concept generation and development process is all about addressing customer needs.
Comprehensive and accurate requirements are the key to product design. The general process of
requirements analysis consists of information gathering, requirements identification, evaluation and
specification [27]. The first two steps are the key and difficult points of the analysis. Common
analysis methods include Stakeholder Analysis, Secondary Market Research, Context of Use
Analysis and User Surveys, Focus Groups, and Future Workshops. The above methods can obtain
customer needs in a low-cost and fast way, and can predict some future needs to a certain extent,
which helps to produce innovative results. However, the information may be too complicated and
difficult to distinguish, leading to more analysis time, and it is not easy to avoid the influence of the
personal thoughts on the results, and it is difficult to predict the hidden needs due to the potential
risks.

According to the timeline, requirements are divided into existing and future requirements [32].
Implicit conflicts are an important part of future requirements but have not yet affected the
product functionality and therefore cannot be known by customers or users for now. Implicit
conflict analysis is a developer's reassessment of the existing product to detect future
requirements, the resolution of which can lead to a more reliable and innovative conceptual design.
In this paper, implicit conflicts are analyzed from potential failures as a goal for product design and
improvement.

3.2 AFD-based Failure Mode Determination

A functional model of the system is required for the failure analysis. Due to complexity of system
functions, it is difficult to analyze them as a whole and therefore functions are classified based on
their type. A complete product technology system consists of four parts: energy system,
transmission system, control system and actuation system [15]. The energy system is the source
of energy and its conversion, the transmission system is the part that transmits energy, the control
system ensures the controllability of the actuation process, and the actuation system ultimately has
a valuable effect on the target. The actuation system is the key to the function and the other three
parts play an important supporting role to the actuation system. All four parts must perform
properly in order to ensure the overall functionality. Sometimes the four parts of a system may not
all be present, such as the control system.
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The success model of each subsystem function is formulated according to the classification
using the AFD method. The model shows the expected functional state completed at a certain time
or stage of the system, which is the premise of determining the failure model. A success model can
be measured based on recommendations in Table 1. There is only one correct process and outcome
for the success of a function, as expected by the designer. For example, the success model of a
pencil's writing function is that the graphite particles adhere to the paper and leave specific marks
through friction between the lead and paper.

Technical system Success model

Energy output is stable

Energy system Energy conversion is smooth

Energy delivery is smooth
Transmission Energy is transferred from the

system energy system to the actuator
system as required

e Controlled items are within set
limits

e Control behavior is consistently
effective

Control system

e Perform the corresponding
functions according to the
design requests.

e Targets generate the right
changes

Actuation
system

Actions between
components are
executed properly
to meet the desired
effect.

Insufficient,
excessive and
harmful actions are
corrected.

No undesired
effects on system
functions are
produced by super-
system or outside
the system.

Table 1: Suggestions of success model.

Failure means that part or all of the technical system cannot perform the specific function
according to design requirements. AFD-based failure prediction uses reverse thinking, that is,
finding ways to make a normal function fail. According to the success model, ask "how to make it
fail" for any point in the model to get a series of failure modes. Since the success of the function
depends on the full realization of all the success modes. As long as there is one failure mode, it
represents the failure of the entire system. These failure modes are summarized to get the failure
modes of the system, as shown in Table 2.

Success model Failure mode
Success models for energy mode 1
system mode 2
Success models of

transmission system

Success models of control

system

Success models of actuation

system mode N

Technical system

Energy system

Transmission system

Control system

actuation system

Table 2: Summary of success and failure modes.

3.3 Risk Attributes Extraction

Failure modes arise when some attributes disrupt the original order of relations between attributes
of a successful mode. These attributes are called failure source attributes (ar). Each failure mode
contains a set of failure source attributes that form a failure attribute group An= {ai, az, ..., am}.
The failure attribute group is formed to a potential resource (PRn) with the same failure source
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attributes, n€ [1, N]. The potential resource is proposed for corresponding attributes. The set of
potential resources is Uv= {PRi, PRz, ..., PRn} and the set of attributes of any potential resource
PRnis Uva= {a1, az, ..., am}. Introduction of these potential resources makes some functions of the
original system to be affected for failure in performance according to design specifications.

Potential resources are uncertain assumptions that do not actually occur exactly according to
the failure modes listed, so it is necessary to select the failure mode with a high probability. The
occurrence of failure modes is dependent on resources and attributes involved. Failure modes are
likely to occur if resources with similar attributes are readily available. A thorough resource
analysis can help to improve the rate of success in failure prediction. The analysis of resources
should not only be comprehensive, but also be within right limits. An excessive scope would be
meaningless, so we set resources in a system and supersystem context, including the present and
future. Attributes of resources are determined from the 128 attributes.

Potential resources with collected system and supersystem resources are compared to screen
potential failure modes with the high similarity. The resource comparison is based on the attribute
similarity [4] with appropriate refinements. High attribute similarity means that the resource is
prone to failure. The calculation process is as follows.

3.4 Attributes Similarity

The complete process of calculating the similarity of resource attributes is shown in Figure 1.
Comparing properties of system resources with a potential resource, the system resources with
non-empty intersections of properties are summarized as similar resources (Si), i € [1, M], M<N.
The set of similar resources is Us = {Si1, Sz, ..., Sm}. The set of attributes of similar resources is Usp
= {bs, b2, ..., b«}.

The set of potential resource attributes Uva and the set of similar resource attributes Usy form a
unified attribute set Ua, Ua = Uva U Usb = {C1, C2, ..., Cj}. Transforming each resource attribute into
a space vector, sub-vector er = 1 if the resource has attribute ¢r and er = 0 otherwise, where re
[1, j]. Vector Xn = (X1, X2, ..., Xj) is formed for potential resources and vector Ei = (ei, €2, ..., €j)
for similar resources, where the values of xr and er are 0 or 1.

Attribute weights wxr and wer of potential resources and similar resources are obtained by using
Analytic Hierarchy Process (AHP). Experts scored the attributes of one potential resource and
multiple similar resources within the same group. According to the influence of the attributes to
failure, a scoring rule of 1 to 5 was used, representing "equally important", "slightly important",
"obviously important", "strongly important", and "extremely important”, and then constructed a
judgment matrix as shown in the following Table 3. Next, we calculated the feature vectors, feature
roots and weight values, and then conducted the consistency test. If the consistency test passes
then the weight values are plausible.

Index Attribute 1  Attribute 2 Attribute 3
Attribute 1 1 1/2 1/3
Attribute 2 2 1 1/4
Attribute 3 3 4 1

Table 3: Summary of success and failure modes.

To improve weights of common attributes, Equations (3.1) and (3.2) are applied to calculate the
attribute weights for two types of resource attribute comparison cases, as axr and der, respectively.
The attribute comparison weights are normalized as 4,, and 4, , according to the normalization

formula ¥, =vy,/>y; .

er/’
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w, X -k

a, = —X—r— 2/’ (3.1)
w,, e -k

O = = (3.2)

where Xxr and er are sub-variables of the potential resource vector and similar resource vector,
respectively. k is the sum of the number of attributes possessed by the two resources, k = 1 if only
one has the attribute and k = 2 if both have it. | is the number of all attributes when the two
resources are compared, i.e. the number of elements of the unified attribute set Ua.

Equation (3.3), using the angle cosine method to calculate the attribute similarity Sxne of
potential and similar resources. Comparing the similarity of each similar resource with the potential
resource, the similar resource is selected with the greatest possibility of failure mode, called the
risk resource.

Sy = ——L=L , (3.3)

Potential

Failure mode

resources
Model 1 > PR 1 Intersection Si-Res 1 Set 1
1 N non-null \ o
Model 2 P PR 2 - System Si-Res 2 || Set 2
Resources Combine
attributes
Model N p PRN ] o Set M
Attribute Comparison Attribute
weights weights similarity
| _____ 1 T ekl * *
| pry H—2XlCue: :Q@,: ————————— 3 A
| I ey, ) PO L (0w, 0y vy 0) RJZ====1n] |z==== 3
| l E | (ey, € e]-) | | lr((”el, Weg, ™ty (‘)ej) | ((E(Xr)/(fler) i | SXI,EI :
| Si-Res 1 : '( . v |lwe] oo ow REETTE. Sos )
L | L1 G | | IV |
T | _ L Oy 9n) (a0, (ea)Ti® Sae |
AHP for e — C———
I——————i —————— | weights :
X | (X, X X;) Il ¢ e
| PRM ‘I/,* ***** e | Wxr (@, O @) N[ === Tl lT——= =
| | | Eel, €, e]; i T RCo, 0, op (), (a ) L6 5 e |
l | | E | b ez’ 'S : | @er | (W1, Oegy oy Og) i 19(d ), (T er) 11T Sx,e2 I
I e es M ley, e, -, 8 | Designers) || =] ! |
| —————— L | | (g, Wy, =+, Wej) w_m |
——————————————— —

Figure 1: The process of calculating the similarity of resource.
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3.5 Identifying Implicit Contradictions

Implicit contradictions are anticipated and solved before they arise to avoid risks and improve
product quality. There are potentially harmful interactions between risky resources and system
components that may cause insufficient, excessive or harmful functionality of the product. These
potential problems should be avoided. Attempts to solve potential problems caused by risk
attributes. When the resolution of a potential problem results in a new problem, it means that
there is an implicit contradiction. The process of identifying implicit contradictions is shown in
Figure 2.

Using the Element-Name-Value (ENV) model [40] to represent the contradiction, control
parameters in the contradiction change in two directions, which causes different evaluation
parameters to change in opposite directions. One of the evaluation parameters comes from the
problem, the change in the control parameter is the initial solution and the new problem caused by
the solution is the other evaluation parameter. Their coupling forms the implicit contradiction in
design process. Obviously, the initial solution is not the final solution. Contradictions must be
eliminated before they can be completely solved.

Risk
Attributes

S, Implicit conflict
Potential | | | = —— -
problems V| Evaluation Element
V X| parameter B
Cause of Element w
roblem A arameter
° v 2 / : t | Evaluation = Element
I | parameter C
Attempted | | _ _ - P =
solutions _
v —
_ —
New | -
problems

Figure 2: Implicit contradiction determination process.

Contradictions are a challenge in design, but also an opportunity, as solving them means producing
high level innovative designs. TRIZ theory provides a variety of methods for solving contradictions,
such as the invention principle, the separation principle and effect searching. It can form a
systematic process for a new knowledge search method for solving contradictions.

Function/Behavior/Effect-Oriented Search (FBEOS) [25] is an effective method for searching
innovative knowledge. This method, as shown in Figure 3, first analyzes and summarizes functions
of the research object, then expands behaviors and principles (effects) corresponding to functions,
and extracts keywords, finally, constructs patent search sentences according to the logical
relationship of keywords, and filters valuable innovation knowledge from patents. It gradually
concretizes the abstract function concept and obtains multiple possible function implementation
paths to find appropriate knowledge for innovative design. In the subsequent design process, we
can use the obtained knowledge to gain design solutions.

4 CASE STUDY

The pipe cutter is a widely used tool in manufacturing, construction and firefighting applications.
We use the proposed method to analyze the implicit contradictions of a pipe cutter shown in the
Figure 4 [19]. This pipe cutter includes a cutting mechanism, a clamping mechanism, and a control
mechanism. It is easy to operate with a flat cutting surface and can cut a wide range of materials.
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Step 1: Get the \/Function associated
|
|

. with conflict: I
keyword of function Verb + noun |

N
|

Verbs of behaviors : Stone's
A 4 function base extension, |

Step 2: Get the | WordNet extension |
keywords of behaviors <j

; )
} Nouns of behaviors: concept relevance |
| extension, nine screen method, |
|

WordNet extension |

\ 4
Step 3: Get the j |~ Desigher exparience ~

)
| divergence, effect database |
keywords of effects | retrieval, CAI software aided |

_____ _search Y
Step 4: Construct the retrieval
formula {"function keywords" AND/ FToT T N
OR "behavior keywords” AND/OR | [2en
"effect keywords"} for patent [ -
retrieval

Figure 3: Process of FBEOS.

Figure 4: A pipe cutter.

4.1 Determining Failure Mode of the Pipe Cutter

The pipe cutter has 23 components. Its functional model is built as shown in Figure 5. The pipe
cutter includes two complete sets of sub-functions, a cutting function with practical value and a
clamping function to support the cutting function. Specifically, the energy system is generated by
the power supply and operator. The transmission system is the power from the motor to the saw
blade and the clamping knob to the end of the clamping device. The actuation system is the
clamping device to clamp the pipe and saw blade to cut the pipe. The control system is for operator
to control the motor and control the pipe adjustment position by means of the handle. The others
are supporting functions.

The above functions are divided into two technical subsystems according to needs of energy,
transmission, actuation and control. The success modes of each part are determined based on
suggestions in Table 1. Seven success modes are obtained for proper functions of the pipe cutter.
Using the reverse thinking of AFD to find how the function can be failed, appropriate failure modes
are obtained. The results are shown in Table 4 with 6 main failure modes.
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Power
: — * switch System
control Lift switch |«—fix
: O
limit adjust tontrol
’ﬁ adjust ' fixed Shield [-isolate
Lifting Dust )
. 2 leprotect fix:
device cover
f . L —energy—-»
f l ﬁ'xl connect rotate —transmission—»
— Clamp Connectio —actuation—»
fix base supportturn_ n block ——control—p
I
clamping
plate pull
Upper fixed control
set Stop - contro
| wheel set tighten
limit: YVY
supportﬂ Bases %support»( Pipe \:

Figure 5: Function model of the pipe cutter.

Technical Function Success model Failure mode
system
The operator The clamping knob can be rotated forward 1.Cannot tighten
Energy 1 | turns the or loosen the
- and backward normally. -
clamping knob clamping knob
Actuation Stop wheel set The stop wheel set and upper wheel set form 2.Inability to fix
1 clamping the pipe a stable triangle to control the pipe in the and clamp the
defined position. pipe
Saw blade cutting 3.Saw blade
the pipe The basis on the ground supports the pipe, thermal decay
Actuation which rotates smoothly on the basis. The
2 saw blade cuts the pipe smoothly. The shield 4.The location of
effectively prevents danger. the pipe
changes
The operator Before the cutting operation, turn on the
operates the lifting switch, adjust the position of the 5.Excessive
handle lifting device using the handle to set the .
. e resistance to the
right amount of feed and turn off the lifting
. e advance of the
switch. The dust cover prevents the lifting ine cutter
Control 2 device from being contaminated. During the PP
cutting operation, control the handle to cut 6.The cuttin
forward and pause after a certain angle. .rocess is ngt
Rotate the pipe backwards to the right Emooth
position and continue cutting until the cut is
done.

Table 4: Success and failure modes of the pipe cutter.
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4.2 Extracting Risk Attribute Sets

The failure attribute group is determined based on failures in the list of 128 attributes and failure
modes. The set of attributes is equated to potential resource PRn, and results are shown in Table 5.

Failure attribute group (Potential
resource PRn)

1. Cannot tighten or loosen the clamping | {humidity, viscosity, absorptivity,

knob hardness, fluxility}

2. Inability to fix and clamp the pipe {diameter}

{friction, Thermal conductivity,

time, temperature}

4. The location of the pipe changes {friction, frequency, flatness}

5. Excessive resistance to the advance

of the pipe cutter

6. The cutting process is not smooth {force, frequency}

Failure mode

3. Saw blade thermal decay

{force, friction, pressure}

Table 5: PR of the pipe cuter.

A comprehensive analysis of the resources and attributes of the system and supersystem, both at
this time and in the future, is shown in Table 6 (partial list).

System Attributes Supersystem Attributes
resources Resources
. Conductivity, Corrosion Electric current
Power switch . - Power
resistance, Flammability
. Conductivity, Corrosion Friction, Humidity,
Speed switch Resistance, Flammability Ground Hardness, Smoothness
Frequency, Speed, Acceleration, Force, Mass
Motor Force, Magnetic, Mass, Sound, Operator
Temperature
Force, Friction, Speed, Density, Viscosity, Adsorptivity,
Saw blade Conductlwty,.Frequency, Thermal Oil stain Fluxility
Conductivity, Temperature,
Sound, Hardness
Conductivity, Corrosion Conductivity, Humidity,
Lift switch Resistance, Flammability Water Volatility, Endothermic,
Viscosit, Fluxility

Table 6: Resources and their attributes.

4.3 Calculating Attribute Similarity

Failure mode 1 is used as an example to illustrate the attribute similarity calculation process. The
set of attributes of potential resource PR:i is Uva = {Humidity, Viscosity, Adsorptivity, Hardness,
Fluxility}. PR:1 is compared with the system resource. The set of similar resources is summarized as
Us= {ground, oil stain, dust, water, air}, and the set of attributes is Usp= {friction, humidity,
hardness, fluxility, viscosity, adsorptivity, smoothness, volume, water absorption, Conductivity,
volatility, Endothermic, density, oxidizability}.
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Unified attribute set is Ua=Uva U Uss={humidity, viscosity, adsorptivity, hardness, fluxility,

friction, smoothness, volume, water absorption, Conductivity, volatility, Endothermic, density,
oxidizability}. Each resource attributes are transformed into space vectors as follows.

110011
101010
101100
110100
XB-B= 01110 (4.1)
010000
010000
000100

The weight of each resource attributes is decided using AHP, the results are shown in Table 7. The
similarity between similar resources and potential resources are searched using Equations (3.1) to
(3.3). It is found that oil stain and water have the highest degree of similarity. As a result, oil stain
and water in the environment can be decided as risky resources that may lead to the failure of the
clamping knob function.

Date PR; Ground Oil stain Dust Water Air
Humidity 0.1544 0.0688 0 0 0.3382 0.096
Viscosity 0.2163 0 0.4161 0 0.1155 0

Adsorptivity 0.148 0 0.2579 0.1894 0 0
Hardness 0.074 0.2304 0 0.3493 0 0
Fluxility 0.4072 0 0.326 0.0323 0.3382 0.2735
Friction 0 0.6023 0 0 0 0
Smoothness 0 0.0985 0 0 0 0
Volume 0 0 0 0.3041 0 0
Water absorption 0 0 0 0.125 0 0
Conductivity 0 0 0 0 0.0609 0
Volatility 0 0 0 0 0.0422 0
Endothermic 0 0 0 0 0.105 0.2146
Density 0 0 0 0 0 0.4852
Oxidizability 0 0 0 0 0 0.2691
Attribute similarity 0.2402 0.9021 0.3385 0.8781 0.6659
(compared to PR1)

Table 7: Resource attribute weight.

The similarity of the remaining potential resources to their corresponding similar resources is
calculated in the same way, the results are shown in Table 8.

4.4 Identification and Solution of Implicit Contradictions

According to potential problems as well as new problems found when solving them, the implicit
contradictions of the system are identified as shown in Figure 6.

For contradiction 1: According to the invention principle No. 28, the interaction with the object
is accomplished with electric and magnetic fields as well as electromagnetic fields, the solution is to
use electric clamping instead of manual operations.
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Potential

Risk resources Potential problems
resources

Oil stain, Water Oil or water sticks to the clamping knob
PR1 and the friction of the operation rotation
is too low to operate.

Pipe The machining range is limited and the
PR2 pipe diameter cannot be clamped when it
is outside the specified range.

Saw blade, Pipe  The saw blade rubs against the pipe over
PR3 a long period of time generating a lot of
heat

Ground, Bases The base is not fixed to the floor and the

PR4 pipe tends to move during the process

Clamping plate The clamping plate exerts too much force
PRs on the pipe, making it difficult to move
the saw blade

Clamping plate Low pressure between the clamping plate
and the pipe to limit the non-essential
relative movement of the pipe cutter to
the pipe

PRs

Table 8: Risk resources and potential problems.

Friction Clamping
coefficient knob

’ Operator M Wiping

t | Operational M Operator‘

complexity
V| Clamping )
> or not Fixture ‘
’ Pipe w Diameter I
+ | Processing
] range Cutter ‘

Efficiency k)# Cutter ‘

N

Heat Saw ‘
quantity blade

Flexibility M Cutter ‘

Stability k)# Pipe ‘

J Difficulty in M Cutter ‘
X moving

D

I Stability ﬁ Cutter ‘

’ Clamping Clamping [ t
plate force

Figure 6: The implicit contradictions of the pipe cutter.
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For contradiction 2: According to the invention principle No. 35, changing the flexibility of the
object, the solution is to change the rigid clamping plate into a flexible one.

For contradiction 3: According to the invention principle No. 28, changing a static field into a
dynamic field, the solution is to add a wind cooling device.

For contradiction 4: Searching for effects on Constrain Solid and Rotate Solid, respectively, it is
found that effects available are Static Friction and Axle, the solution is to add a friction wheel to
help rotate the pipe when cutting to replace manual control.

For contradiction 5: Searching for patents based on the keywords {clamping pipes and dynamic}
and find a patent titled “"An adaptive welding track for pipe ellipticity and extract the elastic feet
technology.” Installing elastic feet on the fixture allows the clamping force to change dynamically
and not to be too tight or too loose.

Combining the above solutions results in a conceptual design solution as shown in Figure 7.
This solution resolves the above contradictions. Using flexible clamps allows the length to be
changed as required. Flexible legs are fitted to each piece of the clamp to avoid excessive clamping
forces. Using a motor to control the clamping and piping improves controllability and stability.
Adding a wind cooling turbine prevents the saw blade from overheating.

Figure 7: Concept design proposal for the pipe cutter.

5 CONCLUSIONS

To address problems in identifying implicit contradictions, this paper proposes a method for
determining implicit contradictions in products based on AFD and resource attributes, which
enriches the theory of contradiction resolution. Compared with traditional FMEA and FTA, it
weakens the mindset of designers and avoids relying only on experience and historical data. Based
on AFD, the possibility of failure is considered from the perspective of the attributes of resources,
which enables a more comprehensive analysis and improved reliability. The selection of a serious
contradiction problems as the object of treatment can improve the efficiency of the solution and
increase the innovativeness of the result. The utilization of methods such as TRIZ improves the
quality and speed of solving the contradiction problems. The method can detect and resolve implicit
contradictions effectively to improve product reliability. An analysis of the pipe cutter illustrates the
effectiveness of the method. The method also provides an opportunity for companies to discover
new directions of innovation for their products.
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The development of mechanical products is similar to the software development process,
starting from the acquisition of customer requirements, which as total function can be decomposed
into several sub-functions and functional units, and finally outputting products that serve the
customers after functional design. The difference is that the former is a combination of physical
parts to produce a specific function, while the latter is a computer program code to achieve the
required function, which leads to software problems that are not easily detected. TRIZ has been
widely used to solve the contradiction problems of mechanical products [26], although the research
on using TRIZ in software innovation started early but was not mature. Rea et al. studied the use
of TRIZ to solve software problems [31], and some experts took this as the beginning of combining
TRIZ with the software field [17]. Ma Jianhong et al. analogized the coupling problem in OOD to
the contradiction matrix in TRIZ and abstracted the characteristic parameters for OOD [22].
Kangrok LEE et al. used the su-field model and 76 standard solutions to assist software
performance and quality assessment efforts, which extended the experience and knowledge of
engineers [23]. Stelian Brad et al. used TRIZ to deal with conflict problems and obstacles and
proposed to optimize the Agile-Lean-Design Thinking (ALDET) software development process [5].
Jung Suk Hyun et al. proposed a butterfly model based on TRIZ to define and creatively solve
problems through contradictory relationships [20]. The application of TRIZ in the software field is in
the exploration stage, focusing on the import and improvement of tools. The idea of contradiction
is gradually gaining attention in software development, and the solution of contradiction problems
helps to improve software performance. Therefore, the implicit contradiction determination method
in this paper may also be inspiring for software development.
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