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ABSTRACT

The key competitiveness of an enterprise largely depends on the knowledge resources.
However, traditional enterprises still pay more attention to the material and labor resources. Even
in some large famous enterprises, the knowledge resources are still fragmented and distributed in
the various project files. If these valuable knowledge resources can be accumulated and managed
effectively, they will serve as the fixed assets of the enterprises. Therefore, a knowledge resource
acquisition system was proposed for the product life cycle in this paper. To illustrate the feasibility
of this proposed system, an internal combustion engine power unit was analyzed as a study case.

Keywords: Acquisition system; enterprise; knowledge resource; product design; product life
cycle.

INTRODUCTION

In the old days, the competitiveness of an enterprise mainly depended on the material and
labor resources. Nowadays, the situation has changed. The customer demands for the products
are becoming increasingly complicated. An enterprise cannot’t design and produce competitive
products only depending on the rich material or labor resources. Now, the competitive products and
designs always involve a large number of knowledge resources in multiple disciplinary domains,
such as the creative generation unit for offshore wind power and ocean wave energy (Chen ef al.,
2016; Chen et al, 2016; Chen et al, 20162017; Chen et al, 2016). The design of this generation
unit involves the knowledge resources from mechanism, oceanography, acrodynamics, hydraulics,
electrochemistry, etcand so on. On the contrary, a knowledge resource can also be used in many
different designs, such as the oriented-explosive phase transition theory (Qiu et al, 2015; Qiu et al.,
2015; Qiu et al., 2015). This theory can be used in the designs of luminescent displayers, biological
labels, vivo CT imagers, etcand so forth.

The knowledge resources play an important role in the enterprises. These knowledge resources
are widely used to carry the product life cycle forward. On the contrary, they are also obtained from
the product life cycle. These knowledge resources largely support the innovation, competitiveness,
and efficiency of the product design and production. If they can become the fixed assets of an
enterprises, the competitiveness of this enterprise will be largely promoted and become more
stable.

However, traditional enterprises still pay more attention to the material and labor resources.
They do notn’t realize the importance of the knowledge resources. Even in some big famous
enterprises, the knowledge resources are still fragmented and distributed in the project files. When
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the designers need to reuse the existing knowledge resources, they have to search and extract the
knowledge resources from the massive and primitive project files. This process takes a heavy
workload, ; thus, the design efficiency will be largely pushed down.

Therefore, a knowledge resource acquisition system was proposed for the product life cycle in
this study. The rest of this paper will show the study in five parts, i.e.that is, the knowledge resource
flow in the product life cycle, the classification of the new knowledge resources, the standard format
of the knowledge resources, the construction of the process of the effective knowledge resource
precipitation, and the case study. At the end of this paper, the advantages and disadvantages of this
proposed system will be discussed, and the future work will alsobeconclude the paperd.

LITERATURE REVIEW

The knowledge resource acquisition first involves how to represent the knowledge resources.
The function-behavior-structure (FBS) model (Gero, 1990; Gero & Kannengiesser, 2004) offers a
basic representation for the knowledge resources. In this representation, the knowledge resources
are described by three kinds of variables, i.c.that is, functional variables, behavioral variables, and
structural variables. However, this representation is still too primitive to describe the knowledge
resources effectively. The name method (Chakrabarti, 2004) and the tuple method (Welch & Dixon,
1994) can also be used to represent knowledge resources. However, they are also too simple for the
engineering applications. The input-output method (Chen & Xie, 20162017; Chen & Xie, 2017;
Chen & Xie, 2017) solves this problem in a new direction. In this method, the knowledge resources
are represented by their inputs and outputs based on their function, so that, their details can be
described completely. Additionally, the control engineering technologies can be conveniently
introduced into this method (Chen & Xie, 20162017), so that, the representation of the knowledge
resources can step into the mathematical models.

The above representing methods are helpful to establish the standard format of the knowledge
resources. Then, the design and production process in the enterprises should be modeled. The
systematic design (Pahl & Beitz, 1996) and the axiomatic design (Suh, 2001; Liu et al., 2016; Chen
et al., 2016) are the two mainstreams about of this problem. Based on them, many detailed models
were proposed for some specific phases during the product life cycle. (Komoto & Tomiyama,
2012; Camelo & Mulet, 2010; Chen & Xie, 20162017; Schmidt & Chase, 2000; Helms et al.,
2009; Kurtoglu et al., 2010). These researches are helpful to in establishing the knowledge resource
flow model of the product life cycle and the knowledge resource acquisition mechanism in the
administration of the enterprises.
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KNOWLEDGE RESOURCE FLOW IN THE PRODUCT LIFE CYCLE
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Figure 1. Knowledge resource flow in the product life cycle.

As shown in Figure 1, the product life cycle consists of seven steps, i.e.that is, demand analysis,
conceptual design, detailed design, process design, product manufacturing, product maintenance,
and product recycling. All these seven steps rely on a large number of existing knowledge resources.
The designers need to use these existing knowledge resources to carry take the product life cycle
step by step forward. Meanwhile, the designers can also obtain new knowledge resources. These
new knowledge resources can be recorded in seven kinds of project files corresponding to the
seven steps of the product life cycle, i.e.that is, the demand research report for the demand analysis,
the design instrument for the conceptual design, the design paper for the detailed design, the
design specification for the process design, the machining drawing for the product manufacturing,

the user feedback for the product maintenance, and the recycling acceptance certificate for the
product recycling. The new knowledge resources in these files should be standardized, and then,
accumulated down as the supplement of the existing knowledge resources. So, the product life

cycle is always accompanied by a knowledge resource flow. To manage this flow effectively, some
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knowledge resource databases should be established for buffering and storage.

As shown in Figure 1, there are three knowledge resource databases involved in the knowledge
resource flow, i.e.that is, the cache knowledge resource database, the explicit knowledge resource
database, and the implicit knowledge resource database. The cache knowledge resource database
is set up temporarily for a specific design project as a buffer. It can be read and written by the
designers at any time. Both the required existing knowledge resources and the obtained new
knowledge resources are stored in this temporary database. When the design project ends, this
database should be closed. Then, most of its knowledge resources should be standardized and
accumulated into the explicit knowledge resource database.

The explicit knowledge resource database is a fixed asset of the enterprise, so all the designers
in the enterprise can use it effectively and stably no matter which design project they belong
to. This database consists of many storage systems, like report system, drawing system, video
system, sample system, program system, standard system, etcand so on. During the product life
cycle, the designers can extract the required existing knowledge resources from the corresponding
storage system into the cache knowledge resource database, and then, these knowledge resources
can be visited at any time. This process is called conventional knowledge resource extraction,
because it can be completed through the daily administration in the enterprise. On the contrary,
the new knowledge resources obtained from the product life cycle should also be inputted into the
explicit knowledge resource database from the cache knowledge resource database. This process
is called effective knowledge resource precipitation, because once these new knowledge resources
are inputted into the explicit knowledge resource database, they actually become the fixed assets
of the enterprise.

As for the implicit knowledge resource database, it belongs to the designers. Every designer
has his/her own implicit knowledge resource database. This database stores the experience and
knowledge this the designer obtained from the former design projects. Actually, these design
projects were supported by the enterprise, so the enterprise also made contributions to this database.
However, the enterprise does notn’t have any effective control on this database. The knowledge
resources of this database can be extracted into the cache knowledge resource database only if the
designer is willing to share. These knowledge resources can make the extra contributions to the
current design project, so, this process is called additional knowledge resource extraction. On the
contrary, the designer can obtain new experience and knowledge from the current design project.
These new knowledge resources can only deposit into the designer’s own implicit knowledge
resource database. This process is called invalid knowledge resource precipitation, because the
new knowledge resources do notn’t become the fixed assets of the enterprise.

CLASSIFICATION OF THE NEW KNOWLEDGE RESOURCES

Based on the knowledge flow model established before, the new knowledge resources obtained
from the product life cycle are the important supplement for the explicit knowledge resource
database. They can be classified into three kinds according to their contents, i.e.that is, new
knowledge resource elements, new knowledge resource combinations, and mixed new knowledge
resources. A new knowledge resource element is a brand new knowledge resource. This kind of
knowledge resources are is very hard to obtain, so, they are the most precious. A new knowledge
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resource combination is made up of several existing knowledge resources organized in a new way.
This kind of new knowledge resources can help the designers tosolve new design problems with
the old knowledge economically. In the product life cycle, most of the new knowledge resources
are the new knowledge resource combinations. As for a mixed new knowledge resource, it is the
mixture of the first two kinds of new knowledge resources.

STANDARD FORMAT OF THE KNOWLEDGE RESOURCES

The new knowledge resources obtained from the product life cycle are first stored in the cache
knowledge resource database temporarily. When the design project ends, they should be sent to
the explicit or implicit knowledge resource databases through the effective knowledge resource
precipitation or the invalid knowledge resource precipitation, respectively. Among them, only the
knowledge resources sent to the explicit knowledge resource database are the sustainable assets
of the enterprise. These knowledge resources should be carefully processed and standardized, so
that, they can be effectively precipitated into the explicit knowledge resource database. All these
knowledge resources have two unique features, ; i.e.that is, they can be structured, and they can
be standardized. The first feature means the knowledge resources can be simplified, modularized,
and finally represented, so that , the enterprise can effectively reuse the knowledge resources. As
for the second feature, it means the knowledge resources can be standardized based on a standard
format, so that, they can be effectively circulated among the different departments in the enterprise.
With the above two features, the knowledge resources can be smoothly transported and reused in
the enterprise.

The knowledge resources with the above two features can be standardized based on the standard
format as shown in Table 1. In this case, the knowledge resource has seven basic attributes, i.e.that
is, knowledge resource number, creating time, creating unit, creating designer, design project,
disciplinary fields, and keywords. Here, knowledge resource number is the identity of this
knowledge resource. Based on it, the departments in the enterprise can position and manage this
knowledge resource. As for the other six attributes, they are helpful for the designers to search the
required knowledge resources in the explicit knowledge resource database. The main content of the
knowledge resource consists of six parts, i.e.that is, problem, principle, solution, input information,
output information, and additional information.

Table 1. Standard format of the knowledge resources.

Knowledge resource S Creating unit: Creating
Creating time: . .
number: 26/10/2015 ICE Analysis and designer:
100 design center Xiao Ming
. Lo Disciplinary Keywords:
. De§1gn proj ec?. fields: Piston skirt, stiffness
Piston-liner design in ICE . . .
Solid mechanics matrix

Problem:
Calculate the stiffness matrix of a piston skirt.

Principle :
If a piston skirt is meshed into enough amount of grids (assume that it is meshed into m
rows and n columns.), its stiffness can be represented by its stiffness matrix as follows.
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k11 k12 kln
K= k21 k22 k2n (1)
kmi kma - kmn

Here, k;; represents the stiffness of the grid node (i, /) , and it can be figured out by the
following equation.

Pij
kij = g; 2

So, if the loading and deforming situations of all the grid nodes are known, the stiffness
matrix of the piston skirt can be figured out as follows.

611 b2 Sin
K=|621 62 San | (3)
6m1 Sm.Z 6mn

Solution :

With the help of CAE tools, the 3D model of the piston skirt can be constructed. Then,
mesh the model under the certain regulation as shown in Figure 2. After the loading process
is simulated as shown in Figure 3, the deforming situations of all the grid nodes can be
outputted as shown in Table 2. Finally, the stiffness matrix can be figured out.

Figure 3. Simulate the loading process
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Table 2. Calculate the stiffness matrix

Grid node number Deformation (m) Pressure (Pa) Stiffness (Pa/m)
1,1 811 P11 P11/611
1,2) 812 P12 P12/ 812
1,n) O1n Pin P1n/S1n
(2,1) 621 P21 D21/ 621
(2,2) 622 D22 D22/ 022
(2,n) Son Pan pZn/(SZn
(m,n) Omn Pmn pmn/ Omn

Input information :
1. The 3D model file.
2. The meshing and loading files.

Output information :
The stiffness matrix table.

Additional information :
The accuracy of the result is based on the meshing file.

CONSTRUCT THE PROCESS OF THE EFFECTIVE
KNOWLEDGE RESOURCE PRECIPITATION

During the product life cycle, new knowledge resources are stored temperately in the cache
knowledge resource database. When the design project ends, some of the new knowledge resources
will be stored in the implicit knowledge resource database as the designers’ experience and
knowledge. More importantly, the others should be carefully standardized based on the standard
format, so that, they can be inputted into the explicit knowledge resource database as the fixed
assets of the enterprise. The standardization of the new knowledge resources is the main process of
the effective knowledge resource precipitation, and it is also a heavy workload which that needs to
be assigned among the departments in the enterprise.
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Figure. 4. Assign the standardizing workload of the new knowledge resources
among the departments in the enterprise.

As shown in Figure 4, in an enterprise, there are three sets of departments, i.e.that is, general
vertical departments, general horizontal departments, and design project departments. The first
two sets serve all the design projects in the enterprise. The general vertical departments are
classified based on the project process phases, like the standard department, the plan department,
the consultation department, the design department, the simulation department, etcand so on. The
general horizontal departments are classified based on the product components, like the hydraulic
system department, the auxiliary equipment department, the control system department, the
physical structure department, etcand so on. As for the last set, its departments just serve their
own design project. When the design project ends, these departments should also be closed. These
departments can also be classified into two kinds, that is, i.e. project vertical departments, and
project horizontal departments. For a general or project vertical department, it may have many
horizontal sub-departments. Meanwhile, for a general or project horizontal department, it may also
have many vertical sub-departments.
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Based on the above classification of the departments in an enterprise, a new knowledge resource
stored in the cache knowledge resource database can be positioned accurately on a specific sub-
department. Then, the designers in this sub-department should take the workload to standardize
this new knowledge resource.

After the standardization, the new knowledge resources should go through a warehousing
procedure, so that, they can finally deposit in the explicit knowledge resource database. This
procedure facilitates the management of the explicit knowledge resource database, and it also
makes the knowledge resource retrieval more convenient.

Figure 5 shows the warehousing procedure for the new knowledge resources. This procedure
involves three kinds of departments, that is, i.e. vertical sub-departments, horizontal sub-
departments, and the warehousing audit institution. At the beginning of a year, every vertical or
horizontal sub-department should send the warehousing plan to the warehousing audit institution.
After that, the submitted warehousing plan will be checked by the warehousing audit institution. If
necessary, it can be sent back to its sub-department for modification and resubmission. When the
warehousing plan is passed, the sub-department should start to prepare the warchousing work. At
the end of the year, the sub-department should first list the standardized new knowledge resources.
This list should be checked and then sent to the warehousing audit institution for the final check. If
this list is passed, the new knowledge resources in this list will be stored in the explicit knowledge
database.

Vertical Horizontal
sub-departments sub-departments

3. Check the submitted

warehousing plan.

Warehousing audit institution

Beginning 2. Send the warehousing plan to
of the year the warehousing audit i
X NoO 4. Go through
the checking?
YES
!
Middle of
the year 3. Prepare the warehousing work.
T

6. List the standardized new
knowledge resources.

v
7. Check the list in the sub- 9. Check the list.
department.
End of the NO %, Go through YES It Z ’(r(; tl{;(fugh
xear the checking? Echeciang;

11. Warehouse the new
knowledge resources in the list.

Figure 5. Warehousing procedure for the new knowledge resources.
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CASE STUDY

With the proposed knowledge resource acquisition system, the existing knowledge resources
can be reused effectively. Here, an internal combustion engine power unit was analyzed with
different knowledge resources as a study case to illustrate the feasibility of the proposed system.

Combustion room p(t)
Fn(t)
A Foft) T
c(t)
Mgl Fo(t,
Piston ’ il TFr(f)
Liner Frou(®) P
(B)
Froy(t)
Rod
Crank
R W(t)w)
mg Feox(t)
Fualt) Pl
A
Fralt) Imcg
(A) ©) (D)

Figure 6. An internal combustion engine power unit.

As shown in Figure 6, a power unit consists of four parts, that is,i.e. piston, liner, rod, and
crank. The piston moves up and down in the liner. It is stimulated by the gas in the combustion
room. The lubricant oil in the gap between the piston and the liner separates the two surfaces from
direct friction. So the piston is just effected affected by the radial force and the friction force from
the lubricant oil, contact force and from the rod, pressure from the expanded gas, and the gravity.
The arm of is. The rod is effected affected by the contact force and from the piston, the contact
force and from the crank, and the gravity. As for the crank, it is effected affected by the contact
force and from the rod, the contact force and from the spindle, torque from the flywheel, and the
gravity.

The force balance equations of the piston, the rod, and the crank are shown as follows.

Piston:
E,x(t) — Fy(t) = my%,
indzp(t) +mpg — Fpy(t) — F(t) = myy, (4)
—Fy(0)c(6) =3 DFs(8) = hyé

Rod:

Frax(t) = Frpy () = m, %,
E’py (t) - F;“ay (t) +m,.g = err (5)
Fopy (ORPSIn = Fry(9RPCOS + Fray (OARSING — Frox (6VARCOSS = I
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Crank:
Frox(£) = Fgx(t) = me;
F;*ay(t) - Froy(t) +meg =mey;
—Fgx ()ACc0SO — Foqy (ACSinG — T(t) + Foor (£)0Ccos6 — F,,y, (£)0Csind = 1.6 (6)

In the equations, some variables cannot’t be analyzed only by dynamics. Among them,
p(t) needs to be analyzed by gas thermodynamics, and Fy(¢) and F¢(t) need to be analyzed by
hydrodynamic lubrication. So, the designers can find out the corresponding knowledge resources
through the acquisition system based on Table 2.

Table 2. The input and output of the required knowledge resources for the analysis of P(t).

Input variables Output variables
Name Expression Unit | Name Expression unit

%, Horizontal ;?;\éiment of the m () Gas prossure N /m?
Xp Horizontal velocity of the piston | m/s

B Rotation angle of the rod rad

ﬁ" Revolving speed of the rod rad/s

6 Rotation angle of the crank rad

0 Revolving speed of the crank | rad/s

Table 3. The input and output of the required knowledge resources for the analysis of Fn (t) and Fr ®,

Input variables Output variables
Name Expression Unit | Name Expression unit
Horizontal movement of the Radial force from the oil
Xp . m Fy(t) N
piston film

Xy Horizontal velocity of the piston | m/s | Fr(t) Friction forf(;lenfrom the oil N
4 Rotation angle of the rod rad

[? Revolving speed of the rod rad/s

6 Rotation angle of the crank rad

0 Revolving speed of the crank | rad/s

DISCUSSION AND CONCLUSION

In this paper, a knowledge resource acquisition system was proposed for the product life cycle. In
this system, a model was established for the knowledge resource flow in the product life cycle, and
a classification was proposed for the new knowledge resources. Based on them, a standard format
was proposed for the knowledge resources. Furthermore, the process of the effective knowledge
resource precipitation was constructed with an assignment of the standardizing workload of the
new knowledge resources and a warehousing procedure for the new knowledge resources. Finally,
an internal combustion engine power unit was analyzed as a study case to illustrate the feasibility
of the proposed system.

This proposed system can satisfy the basic requirement of knowledge resource acquisition.
It can help an enterprise to standardize and precipitate the new knowledge resources obtained
from the product life cycle. These precipitated knowledge resources actually become the fixed
assets of the enterprise, so that, the explicit knowledge resource database of this enterprise can
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be constantly enriched in the daily running. This proposed system can also promote the using
use efficiency of the existing knowledge resources. However, this proposed system still has some
places waiting to be improved. For example, the explicit knowledge resource database should
be classified more minutely, and a knowledge resource retrieval should also be added tointo this
system. Most importantly, a process should be set up for the continuous improvement and update of
the knowledge database as the information and knowledge change with the technological advances
and organizational structural variations. All these problems will be taken into consideration in the
further research.
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