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Based on the theory of acoustic waves, a circular surface radiator model is introduced as a basis for constructing a knowledge
transfer model for a knowledge alliance. *e three main variables in the model are chosen to be the number of enterprises in
knowledge alliance, the frequency of knowledge transfer, and the relationship distances between the knowledge bodies. *e
internal mechanism of knowledge transfer in a knowledge alliance is studied, and the direct relationships among the internal
influencing factors are explored. *e results show that the number of enterprises in knowledge alliance, knowledge transfer
frequency, and knowledge transfer effect are positively correlated. *e “Rayleigh distance” in the knowledge field is the ap-
propriate relationship distance measure for assessing knowledge transfer within the alliance. *e Rayleigh distance is highly
correlated with the number of enterprises in knowledge alliance and knowledge transfer frequency. Moreover, the number of
enterprises in knowledge alliance and knowledge transfer frequency are interrelated.

1. Introduction

With the advent of the knowledge economy era, knowledge
resources have replaced traditional resources such as capital
and land as the most valuable strategic resources for en-
terprises. *rough the absorption and application of
knowledge resources, enterprises can produce new products
on the basis of newly developed technologies to ensure core
competitiveness. With the rapid growth and evolution of the
R&D costs for technology, enterprises have difficulty in
achieving all of their resource development needs alone. An
increasing number of enterprises are recognizing that
building knowledge alliances with other enterprises can
enhance each individual enterprise’s core competencies and
help to sustain its long-term competitive advantage. By this
means, enterprises can integrate complementary knowledge
resources through communication, acquire key technical
resources, and then generate new knowledge and integrate
existing knowledge [1–2]. However, China's intellectual
property system is imperfect, and a corresponding support

system has not yet been fully established. *us, the general
situation in knowledge alliances is that “there is transfer
behaviour but no transfer effect” [4]. *is problem needs to
be solved to guide reasonable cooperation among the en-
terprises participating in knowledge alliances and enhance
the effect of knowledge transfer within these knowledge
alliances. Knowledge transfer has specific effects and follows
certain laws. Studying and mastering these laws can guide
enterprises in carrying out cooperative innovation and in
improving the effects of knowledge transfer.

*e definition of a knowledge alliance proposed by
Inkpen in 1995 is still used today. He believed that a
knowledge alliance is a kind of strategic alliance that creates
valuable new knowledge through knowledge transfer and
knowledge integration. On the basis of Inkpen’ s work,
various scholars have subsequently presented their own
views on the purpose of forming a knowledge alliance [5]. In
general, it is believed that the purpose of forming a
knowledge alliance is to serve both overall and personal
interests, create invisible knowledge through cooperation,
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and build long-term cooperation in learning and research
[6, 7]. A knowledge alliance is an effective way for enterprises
to cultivate core competence. Such an alliance has the
characteristics of spreading and creating knowledge,
attracting wide participation, engendering close relation-
ships among members, and fostering complementarity [8].
Creating new knowledge through mutual learning among
knowledge subjects is the core goal of a knowledge alliance
[9]. *e similarities between domain knowledge and
structural knowledge affect the probability of the formation
of a knowledge alliance [10]. *e development process of a
knowledge alliance is continuous and gradual. As an
emerging class of knowledge alliances, industry-academic
knowledge alliances have the characteristics of independent
innovation capabilities and flexible organizational structures
[11].

In the process of establishing knowledge alliances to
acquire knowledge to enhance core competitiveness, there
are many factors that affect knowledge transfer both inside
and outside an organization. Many scholars have conducted
in-depth research on this topic that has yielded rich research
results [12–16]. From the information network perspective,
an instance of knowledge transfer within a knowledge al-
liance can be divided into five dimensions: the knowledge
source, the transferred knowledge, the knowledge acceptor,
the transfer medium, and the transfer situation. *e will-
ingness to engage in knowledge transfer and the transfer
opportunities of both the knowledge source and the
knowledge acceptor influence the effect of knowledge
transfer, whereas the absorption capacity of the knowledge
acceptor largely determines the efficiency of knowledge
transfer [17–21]. *e implicitness, fuzziness, complexity,
and embedding of knowledge transfer also have an impact
on efficiency, and the transfer medium and transfer situation
are also important factors affecting the transfer process
[16, 22, 23]. In recent years, many scholars have also studied
knowledge transfer in knowledge alliances from the per-
spective of social networks [24–27]. At present, some the-
oretical studies have investigated the direct influence of
social network embedding on knowledge transfer behaviour
from the perspectives of network characteristics and quality,
transfer ability, and opportunity. Some scholars have ex-
plored the relationship between team social networks and
knowledge transfer [28–30]. Scholars have extensively dis-
cussed the impact of channel fairness on channel members’
knowledge transfer. In particular, some differences in
channel fairness or channel power can even have a positive
impact on knowledge transfer [31, 33]. Interaction, social
relationship dimensions, knowledge diversity, random dif-
fusion, and parallel replication are all important factors
influencing knowledge transfer in social networks [34–36].
Knowledge transfer in social networks has scale-free and
small-world characteristics, and scale-free networks are
more conducive to knowledge transfer than conventional
networks are [37–41]. *e forgetting and self-learning
mechanisms in social networks also have an important
impact on the knowledge transfer process [42–44]. *e
fundamental objective of knowledge transfer is to promote
the knowledge and ability levels of the recipients. *erefore,

seeking ways to improve the performance of knowledge
transfer by analysing its underlying mechanism has become
an important focus of research. Scholars have noted that
relationship management and knowledge management are
key for improving knowledge transfer performance and that
knowledge alliances must therefore establish strategies and
open cultures to support integration [45, 46]. Many scholars
have studied the mechanism of knowledge transfer in
knowledge alliances by establishing various models. Based
on these models, scholars have found that knowledge
transfer ability, background similarity, knowledge comple-
mentarity, absorption ability, the shared vision of a alliance,
knowledge feedback, and the communication atmosphere
are positively correlated with the transfer effect, while the
degrees of knowledge blur and complexity are negatively
correlated with the transfer effect [47–50]. *e distances,
relationships, and knowledge transfer times between
knowledge subjects are the main factors affecting the per-
formance of knowledge transfer [15, 42, 51–53]. *e
knowledge depth of a knowledge alliance and the Doppler
effect of knowledge waves are also closely related to
knowledge transfer [55]. *e willingness to communicate
among the enterprises participating in a knowledge alliance
will gradually increase in the early stage, when the knowl-
edge gap is large, and then gradually stabilizes or even
declines with knowledge exchange. *e absorptive capacity
of the receiving enterprise determines the corresponding
transfer strategy, and an ability to integrate the knowledge
gained from the knowledge source is critical in the appli-
cation stage [56].

In summary, a great deal of research has been conducted
on the characteristics of knowledge alliances and the mo-
tivation for their formation, the factors affecting knowledge
transfer, and the mechanism and performance of knowledge
transfer in knowledge alliances, and this research has yielded
meaningful conclusions. *e process of knowledge transfer
is complicated, and it is difficult to explore the complex
interactions amongmany influencing factors. Using theories
and models of other disciplines to build metaphor models
can provide new methods and inspiration for dealing with
complex system problems, but the current research on
knowledge transfer using metaphor research methods is
rare. In addition, the current research has not paid sufficient
attention to the influence of the number of enterprises
within a knowledge alliance, and models are unlikely to
consider multiple directions and angles in the process of
knowledge transfer.

*e process of knowledge transfer is affected by many
factors. *is paper mainly studies the influencing factors on
the process of knowledge transfer from three aspects: the
transfer subject dimension, the transfer behaviour dimen-
sion, and the transfer context dimension. Other influencing
factors are interrelated and implicit with the three dimen-
sions.*e number of enterprises in knowledge alliance is the
representation of the transfer subject dimension. Factors
such as the amount of knowledge in the alliance, the level of
knowledge recognition, and the complexity of the alliance
relationship are all related to it. *e frequency of knowledge
transfer is a representation of the transfer behaviour
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dimension. *e speed of knowledge transfer is related to the
connection frequency among enterprises, and the willing-
ness of knowledge transfer will also affect the frequency of
knowledge transfer. Relationship distance is a representation
of the transfer context dimension, which describes the
objective state of the relationship between the subjects of
knowledge transfer. *e distance of the relationship also
affects the methods adopted by enterprises in the transfer
process, such as commissioned research, consulting, or
professional meetings. At the same time, this paper uses a
metaphorical research method to introduce a knowledge
circular radiator model in acoustics. Besides the similarity
between the research subject and the metaphorical model,
the similarity between the metaphorical variables and the
variables in the model should also be guaranteed. *e size of
sound source, the frequency of sound emission, and the
distance are, respectively, metaphorized as the number of
enterprises in the knowledge alliance, the frequency of
knowledge transfer, and the distance of relationship, which
is reasonable in physical hypothesis and metaphorical logic.

2. Knowledge Transfer Model for a
Knowledge Alliance

2.1. Research Method. *e knowledge transfer process in
knowledge alliance is complicated, and the knowledge
transfer system is a complex system. Each element in a
complex system is interrelated and interdependent.
According to the viewpoint of system science, the complex
system can be simplified by abstracting the complex system
and extracting the key elements in the system. Studying
complex systems with the help of models from other dis-
ciplines helps to find the complex correlations among
influencing factors, as well as the underlying laws in the
system. *is paper mainly studies the influencing factors on
the process of knowledge transfer from three aspects: the
transfer subject dimension, the transfer behaviour dimen-
sion, and the transfer context dimension. *rough the ap-
plication of metaphor and acoustic model, the knowledge
transfer problem is abstracted into three dimensions of
variables.

Complexity science mainly focuses on the complexity
phenomenon and its evolution of research objects. By ex-
ploring the commonalities of complex phenomena such as
nature, society, organization, thinking, and cognition, it
helps people to understand various complex phenomena
more comprehensively and manage them accurately.
Complexity is an objective reality. Scholars have different
definitions of complexity, but their understanding of the
connotation of complex systems is similar. Complexity
systems are characterized by diversity, hierarchy, nonline-
arity, and openness [57]. Knowledge transfer has influential
factors in different dimensions, such as the subject of
knowledge transfer, the context of knowledge transfer, and
knowledge transfer behaviour. Subsystems and elements of
different dimensions are interrelated and constrained each
other. Nonlinear effects occur in one or more ways, and the
ways of interaction are diverse. *e knowledge transfer
system has not only the characteristics of information

networks but also the characteristics of social networks. *e
diversity and differences of the subsystems and influencing
factors constitute a complex multilevel structure. In the
process of knowledge transfer, the subject of knowledge
transfer and the surrounding environment are constantly
exchanging material, information, and energy. *is shows
that the knowledge transfer system is an open system.
Studying the complexity of knowledge transfer is helpful to
provide new ideas and countermeasures for improving the
efficiency of knowledge transfer and has guiding significance
for the practice of knowledge transfer.

Metaphor is a common research approach in scientific
fields of complexity. *is approach can transform complex
systems, through simile or analogy, into intuitive concepts
expressed in simple language [57]. A metaphor is a con-
ceptual representation of one empirical domain based on
another empirical domain. As a paradigm of scientific
representation, metaphors play a fundamental role in
establishing connections between scientific language and the
real world [58]. Metaphors can often be used to reduce
complex problems in unknown domains into simpler
problems. *e redescription of certain parts of reality
through metaphor provides a new mode of cognition for
scientific research. *e cognitive history of the human ex-
ploration of nature shows that metaphor plays an irre-
placeable role in the scientific interpretation and innovation
of scientific theory [59–61]. *e emergence of scientific
concepts and the construction of scientific theories embody
the metaphorical features of scientific thinking. Metaphor
enriches people's understanding of the scientific world and
offers new possibilities for the practice of scientific theory by
juxtaposing unfamiliar and even difficult-to-describe objects
and phenomena with well-known and directly described
manifest facts. In this way, a similarity is created between the
two juxtaposed contexts, and on this basis, a new cognitive
concept is formed [62, 63]. A metaphor represents a high-
level or somewhat abstract connection between concepts, the
purpose of which is not precision but similarity [64]. *is
similarity does not imply a direct similarity between the two
things themselves but rather a similarity of the relationship
between the two.*e application of metaphor andmetaphor
models in the practice of scientific representation has ob-
vious cognitive advantages. A scientific model based on a
scientific metaphor can better characterize the structure of
the material world. It provides the best explanation for the
assumptions made by scientists about the world [59]. *e
construction of a scientific model based on metaphorical
thinking involves three aspects: differences of metaphor
models in different situations, metaphorical accuracy, and
similarity in metaphorical object structure. Due to the
similarity between the metaphor model system and the
target system and the particularity of the model description,
the main characteristics of such a metaphor model are
contextual relevance, dynamic hierarchy, and theoretical
constructivity [65]. In the actual construction of a metaphor
model, the three basic problems involved are the inten-
tionality of the modelling subject, the representational re-
lationship between the metaphor model and the target
object, and the real problem of interest for the modelling
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object [66]. Since the second half of the 20th century, the
study of scientific models from a metaphorical perspective
has received widespread attention from scientists ([67–70];
Ritchie, 2006). American scholar Michael Bradie’s 1999
paper “Science and Metaphor” and American scholar
*eodore L. Brown’s “Making Truth: Metaphor in Science”
[59, 71] both note that metaphor is an essential element of
scientific theorization that plays an important role in sci-
entific proofs and the deduction of scientific theories and
theoretical interpretations, thus illustrating the metaphorical
nature of scientific reasoning and scientific communication.
Subsequent scholars have further developed the metaphor-
based research approach and applied it in various fields of
natural science [72–75].

Metaphor-based scientific modelling is based on an
analogy between the model and the target object. By seeking
commonalities in terms of physical properties, a real
physical model can be applied to better understand another
real system [76]. *e relationships among the various
contextual elements involved in the metaphorical reasoning
process are integrated, and on this basis, the integrated
relationships are presented throughmodel construction.*e
metaphor modelling process can be described as the process
of “scanning” the elements of a problem in the relevant
context to seek the commonalities between the base model
and the target, mapping these common orientations to the
target object and further establishing a model representation
based on this similarity. *e essence of scientific modelling
based on metaphor is the creation of a set of mapping re-
lationships between two domains [66]. *e basic mapping
procedure consists of formulating a detailed description of
an unknown object on the basis of similarity by analogy
between the structure and characteristics of the metaphor’s
ontology and the metaphor itself [65]. Based on this ap-
proach, this paper will discuss the metaphorical relationship
between knowledge transfer in a knowledge alliance and
vibrational acoustics from two perspectives: featuremapping
and structure mapping.

First, let us consider the feature mapping between
knowledge transfer in a knowledge alliance and acoustic
wave transfer in an acoustic medium. Both knowledge and
acoustic waves are transitive. *e transmission of both
knowledge and acoustic waves involves senders and re-
ceivers, and the transmitted knowledge or acoustic waves
must be consistent with the receivers’ capabilities. In the case
of knowledge transfer in a knowledge alliance, there may be
multiple knowledge senders simultaneously transferring
knowledge, resulting in a superposition of knowledge
transfer for a single knowledge receiving enterprise; acoustic
wave transfer also has the same characteristics. *e process
of knowledge transfer is affected by many factors. Knowl-
edge cannot be transmitted to a knowledge receiving en-
terprise completely and without distortion. Similarly,
acoustic wave transfer is also subject to interference from
noise. *e acoustic signal received by a receiving source may
be partially lost, causing attenuation during transmission.

Second, let us consider the structural mapping between
knowledge transfer in a knowledge alliance and acoustic
wave transfer in an acoustic medium. In the theory of

acoustic waves, the vibration of a sound source is the source
of acoustic waves. In the case of knowledge transfer in a
knowledge alliance, a knowledge source possessing relevant
knowledge is also continuously transmitting knowledge.*e
knowledge transfer process can be understood as a process
in which a knowledge-sending enterprise continuously
generates knowledge waves through constant vibration and
continuously influences one or more knowledge receiving
enterprises in the form of waves. In a knowledge alliance, a
knowledge-sending enterprise sends knowledge waves to the
knowledge receiving enterprises in the surrounding space.
Similarly, a sound source also sends acoustic waves out into
its surroundings. Both scenarios are consistent with the
concept of a “field” [77]. In the process of acoustic wave
transmission, the distance from the source to the receiver is
an important factor influencing the effect of acoustic wave
transmission. In the process of knowledge transfer in a
knowledge alliance, the relationship distance between the
knowledge-sending and knowledge receiving enterprises
also has an important influence on the effect of knowledge
transfer. In a knowledge transfer environment, various
favourable factors exist that may promote knowledge
transfer, such as policies. Similarly, the medium in an
acoustic environment also affects the transmission of
acoustic waves.

From the above analogy between knowledge transfer
and acoustic wave transmission, it can be seen that they
have many similarities. *erefore, it is scientific and
reasonable to use the theory of acoustic waves to construct
a knowledge transfer model by mapping the concepts and
research methods of acoustic wave theory to the case of
knowledge transfer in knowledge alliances. *e remainder
of this paper will describe a metaphor model for knowl-
edge transfer in knowledge alliances based on a circular
radiator model from acoustic wave theory. *e process of
knowledge transfer in a knowledge alliance is a process by
which a knowledge source spreads knowledge waves to
surrounding target enterprises and the knowledge re-
ceiving enterprises receive and absorb these knowledge
waves [77]. Here, the knowledge source is considered to be
composed of all relevant knowledge bodies in the
knowledge alliance. Whenever the relevant knowledge to
be shared via the knowledge transfer process changes, the
knowledge source also changes. Two types of related
knowledge are involved in the knowledge transfer process:
core-related knowledge and noncore-related knowledge.
Other irrelevant knowledge held by other enterprises in
the knowledge alliance does not participate in this
knowledge transfer process. *e core-related knowledge is
the most critical knowledge in the knowledge transfer
process. An enterprise that fully grasps the core knowledge
is called a core enterprise. Noncore-related knowledge
consists of any other knowledge that is related to the core
knowledge. Enterprises that do not yet fully grasp the core
knowledge but have mastered some noncore knowledge
are called noncore enterprises. Among the enterprises, the
core enterprises can transfer knowledge most accurately
and completely; by contrast, the knowledge held by
noncore enterprises is relatively weakly related to the core
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knowledge because these noncore enterprises have in-
sufficient mastery of the core knowledge. *erefore,
knowledge transfer from noncore enterprises can be af-
fected by other knowledge transfer processes being carried
out by the enterprise, potentially resulting in the distortion
of knowledge. *e weaker the degree of association be-
tween the noncore knowledge and the core knowledge is,
the more likely it is that knowledge distortion and bias will
arise during knowledge transfer. We find that there are two
key characteristics of the knowledge transfer process in a
knowledge alliance: (1) the core knowledge has the most
direct impact on a knowledge receiving enterprise; (2) the
knowledge transfer of knowledge sources and knowledge
receiving enterprises is directional, and the closer the
knowledge transfer to the core knowledge, the closer the
knowledge transfer is to the “direction”. *e physics as-
sumptions of a model of the acoustic radiation of a circular
radiator in an infinite plane baffle (referred to as a circular
radiator model for brevity) in acoustic wave theory are in
good agreement with these characteristics of knowledge
transfer in a knowledge alliance. In such a circular radiator
model, the sound source is a circular radiator embedded in
an infinite plane baffle. Due to the presence of the baffle,
the sound source radiates acoustic waves only into a semi-
infinite space. *is model mainly considers the relation-
ship between a point in space and the centre of the sound
source and the sound pressure at that point (in a sense,
acoustic waves intensity at the point of interest). For the
construction of a metaphor model, all knowledge subjects
involved in the process of knowledge transfer in a
knowledge alliance can be placed in a circle of knowledge
sources, called the circular knowledge radiator. *e core
knowledge is located at the centre of the circle, and the
noncore knowledge surrounds the centre of the circle. *e
higher the degree of association between a noncore body
and the core knowledge, the closer the body is to the centre
of the circle. *e greater the number of knowledge subjects
associated with the core knowledge in the knowledge al-
liance, the larger the radius of the circular knowledge
radiator. If a knowledge receiving enterprise is located on
the central axis of the circular knowledge radiator, this
indicates that the core knowledge has a direct impact on
the receiving enterprise. In contrast, if there is a certain
angle between the central axis of the radiator and the
knowledge receiving enterprise, noncore knowledge will
also have an indirect impact on the receiving enterprise.
*e farther away from the centre of the circle a knowledge
receiving enterprise is, the greater the angle is. *e dis-
tance between the knowledge receiving enterprise and the
centre of the circular knowledge radiator corresponds to
the relationship distance between the knowledge sending
enterprise and the knowledge receiving enterprise, and the
range of this relationship distance is (0, +∞). As the
distance between the knowledge-receiving enterprise and
the knowledge alliance decreases, the indirect impact of
the noncore knowledge on the receiving enterprise will
increase. *e relationship between the core knowledge, the
noncore knowledge, and the knowledge receiving enter-
prises in a knowledge alliance is illustrated in Figure 1.

2.2. Model Construction. As discussed in the previous sec-
tion, it is reasonable and feasible to introduce a circular
radiator model into research on knowledge transfer in
knowledge alliances. In this section, a knowledge transfer
model for a knowledge alliance is constructed using this
circular radiator model, and the parameters and concepts of
acoustics waves theory are introduced to explore the internal
mechanism of knowledge transfer. *e constructed model is
called the circular knowledge radiator model. It is assumed
that each point on the circular knowledge radiator is a re-
lated knowledge body involved in the knowledge transfer
process and that these bodies transfer knowledge to
knowledge receiving enterprises. In accordance with the
principle of the superposition of waves, the knowledge wave
received at the point corresponding to a knowledge receiving
enterprise is a superposition of the knowledge transferred
from each knowledge body in the circular knowledge ra-
diator to the knowledge receiving enterprise.

If we wish to consider the influence of the circular
knowledge radiator on any point in the knowledge field, we
need to establish a spherical coordinate system with its
origin at the centre of the circular knowledge radiator. *is
system is represented by the spherical coordinates (r, θ),
where θ represents the angle between any point M in the
knowledge field and the axis of the circular knowledge ra-
diator and r represents the distance between the point M

and the centre of the circular knowledge radiator. S denotes
the circular face of the knowledge radiator, which is of radius
a; ds denotes a microelement of the circular knowledge
radiator, representing any single knowledge subject; and rA

is the distance from such a microelement to a point of
interest in the knowledge field, as shown in Figure 2.

A polar coordinate system (O − ρ − φ) is also defined on
the circular knowledge radiator. As shown in Figure 3, the
point P is the point on the plane of the circular knowledge
radiator onto which the point M is projected. *e angle
between OP and the line connecting ds and O is φ, and
ds � ρ dφ dp.

1
2

3

Figure 1: Relationship diagram of core/noncore knowledge and
knowledge receiving enterprises in a knowledge alliance. 1, core
knowledge; 2, noncore knowledge; 3, knowledge receiving
enterprise.
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In the circular radiator model, the function describing
the sound pressure amplitude distribution at any point in
the sound field can be obtained from the velocity potential
of the sound source. *e sound pressure amplitude reflects
the intensity of the sound field at a certain point. When
mapped to the case of knowledge transfer in a knowledge
alliance, this amplitude can be understood as the influence
of the knowledge source at a certain point in the knowledge
field.

*e velocity potential of a circular knowledge radiator is
known to be

Φ(r) � e
jωtB

S

v0

2π
e− jkrA

rA

ds. (1)

v0 represents the level of knowledge that the knowledge
alliance is willing to transfer at a certain time. Importantly,
enterprises generally do not share their core technologies
with each other but instead cooperate with each other more
in noncore areas. k represents the knowledge wave number
of the circular knowledge radiator, that is, the number of
complete knowledge wave periods in a length of 2π. ω

represents the speed of innovation in the enterprises par-
ticipating in the knowledge alliance.

*us, according to

p(r) � ρ0
zΦ(r)

zr
, (2)

we can obtain the distribution function describing the in-
fluence of the knowledge alliance in the knowledge field as
follows:

p(r) �
jωρ0a2v0e

j(ωt− kr)

2r

2J1(ka sin θ)

(ka sin θ)
, (3)

where p(r) denotes the influence of the circular knowledge
radiator on knowledge transfer at any point in the knowl-
edge field and ρ0 denotes the density of the environment,
which affects the diffusion of knowledge waves.

*e knowledge wave number is an important concept.
Based on the knowledge wave number, we can obtain many
variables related to knowledge wave transfer to characterize
the specific knowledge transfer situation, such as the
knowledge wave frequency f, the knowledge wavelength λ,
the knowledge wave cycle T, and the knowledge wave ve-
locity c, where the knowledge wave frequency f and the
knowledge wave cycle T are reciprocal to each other, that is,
f � 1/T. *e knowledge wave frequency f represents the
number of knowledge waves sent per unit time. *e
knowledge wave cycle T represents how long it takes to send
a knowledge wave.*e knowledge wave velocity c represents
the speed of knowledge wave propagation in the environ-
ment. *e knowledge wavelength λ represents the distance
travelled by a knowledge wave over the course of one period.
Clearly, the relationship among c, f, and λ is c � fλ. *e
knowledge wave number k represents the number of
knowledge wave periods within the length of 2π, that is,
k � 2π/λ; through variable substitution, k � 2π/λ can be
obtained. *e relationship between the knowledge wave
angular frequency ω and the knowledge wave frequency f is
ω � 2πf � 2π/T. *erefore, the knowledge wave angular
frequency ω can also be understood as the number of
complete knowledge wave periods produced in a time du-
ration of 2π. *e knowledge wave angular frequency ω, the
knowledge wave frequency f, and the knowledge wave
number k are closely related. *rough substitution, ex-
pressions written in terms of these quantities can instead be
expressed in terms of the knowledge wavelength λ and the
knowledge wave velocity c.

From formula (3), we can observe that this influence
distribution function varies with θ in addition to r. *at is, at
the same distance in space, the distribution of the knowledge
influence is different at different angles. Taking θ � 0∘ as the
initial direction value, a knowledge field directivity function
Φ can be obtained by normalizing the knowledge influence
distribution function for different angles:

D(θ) �
|p(z, θ)|

|p(z, θ � 0)|
�
2J1(ka sin θ)

(ka sin θ)




. (4)

It can be found that formula (3) contains too many
variables, which makes it too complicated to carry out

a

O

ds

P

ρ
Ф

Figure 3: Polar coordinate frame on the circular knowledge
radiator.

z
M (r, θ)

r rA

a

ds

Pθ

O

Figure 2: Coordinate frame for a circular knowledge radiator.
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simulation research directly. *erefore, the formula needs to
be simplified to a certain extent and explore the internal
mechanism of knowledge transfer by studying the changes in
several core variables. Based on this, this paper assumes that,
during the process of knowledge transfer, the target
knowledge receiving enterprise is on the central axis of the
knowledge circular radiator. *is means that the target
knowledge receiving enterprise corresponds to this
knowledge transfer and has the highest matching degree
with this knowledge transfer. *e selection of coordinate
axes can be simplified in Figure 4.

*e velocity potential function in the knowledge field is
known to be

Φ(r) � e
jωtB

S

v0

2π
e− jkrA

rA

ds, (5)

where rA represents the distance between a knowledge el-
ement of the circular knowledge radiator and the point M in
the knowledge field at which the knowledge receiving en-
terprise is located. S denotes the circular face of the
knowledge radiator of radius a. *e knowledge receiving
enterprise is located at a point z on the axis, where
rA �

������
z2 + ρ2


.

From formula (2), knowledge reduction magnitude
function can be obtained after simplification:

pm(r) � sin
k

2

������
z2 + a2

√
− z  




. (6)

*e influence on knowledge transfer within the
knowledge field is equivalent to the knowledge waves.With a
continuous cyclical variation over time, the influence am-
plitude Pm(r) represents the distribution of the knowledge
transfer influence of the circular knowledge radiator on the
knowledge receiving enterprises as a function of the rela-
tionship distance.

*is function shows that the distribution function pm

describing the knowledge transfer influence amplitude is
related to the knowledge wave number k, the radius a of the
circular knowledge radiator, and the relationship distance z

between the knowledge sending enterprise and the knowl-
edge receiving enterprise.

*e relationship distance reflects the relationship state of
knowledge transfer subject in the process of knowledge
transfer, and the relationship distance from near to far
represents the state of knowledge transfer subject from
intimacy to alienation. Although the relationship distance
reflects a kind of gradual change, this paper uses the phased
description method in the description.

When the relationship distance is close in the process of
knowledge transfer, this paper holds the opinion that the
subject of knowledge transfer adopts a relatively intimate
transfer method, such as face-to-face teaching, commissioned
research, and consultation, which is called intimate knowl-
edge transfer. When the relationship distance is moderate in
the process of knowledge transfer, this paper holds the
opinion that the subject of knowledge transfer adopts a
relatively stable but not very intimate transfer method, such as
knowledge transfer through the Internet, personnel

exchanges, professional meetings, and the establishment of
research centres, which is called stable and moderate intimate
knowledge transfer. When the relationship distance is far
away from each other in the process of knowledge transfer,
this paper holds the opinion that the degree of connection
between knowledge transfer subjects is very poor. Knowledge
exchange between enterprises is rare, and it is generally
difficult to achieve a good knowledge transfer effect.

*e knowledge wave number and knowledge wave
transfer frequency can be replaced by constants (see the
appendix for details). *e knowledge wave number reflects
the speed at which the knowledge alliance transmits
knowledge waves, that is, the amount of knowledge trans-
ferred per unit time. *e faster the alliance delivers knowl-
edge, the greater the knowledge wave number. In order to
facilitate discussion and understanding, in the following
discussion, knowledge transfer frequency will be used to
reflect the change in knowledge wave number. *e radius of
the circular knowledge radiator reflects the number of
knowledge subjects participating in knowledge transfer in the
knowledge alliance. *e larger the volume of knowledge
involved in knowledge transfer is, the larger the radius of the
circular knowledge radiator is. Under normal circumstances,
the volume of knowledge involved in knowledge transfer has a
positive linear relationship with the number of knowledge
sending enterprises participating in knowledge transfer. As
the number of enterprises in a knowledge alliance increases,
the volume of available knowledge increases. Because the
knowledge volume is difficult to quantify, this paper uses the
number of enterprises in the knowledge alliance instead of the
knowledge volume for model construction. Different enter-
prises have different understanding of the same knowledge. In
the process of knowledge transfer within knowledge alliance,
the overlapping knowledge of all members constitutes the
knowledge understanding of the alliance. *e more the
members the alliance have, the greater the “broadness” of
knowledge will be involved in knowledge transfer.

3. Simulation Analysis

Matlab programming was used to implement the function
describing the relationship between the knowledge transfer

z

M(z)

rA

ds
a

O

Figure 4: Coordinate frame for the circular knowledge radiator
model.
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effect of the circular knowledge radiator and the relationship
distance between enterprises and to carry out a corre-
sponding simulation analysis.

3.1. Discussion of Variable Relationships. By analysing three
different situations regarding the number of enterprises
participating in the knowledge alliance and the frequency of
knowledge transfer, the knowledge transfer process at dif-
ferent relationship distances will be investigated here to
characterize the relationship between relationship distance
and knowledge influence. For the simulations, the dimen-
sions of the knowledge transfer frequency and the number of
knowledge alliance enterprises are set to 1 to facilitate pa-
rameter setting.

To facilitate the discovery of the inherent laws relating
the number of enterprises participating in the knowledge
alliance, the frequency of knowledge transfer, and the dis-
tance of the relationships between the enterprises, a general
knowledge alliance situation is first analysed. To represent a
case in which the knowledge alliance is moderately sized and
the knowledge transfer ability is also at a moderate level, the
parameters are set to k � 4 and a � 5, and the corresponding
influence amplitude distribution map on the knowledge
radiator axis is shown in Figure 5.

As shown in Figure 5, D0 divides the graph into a region
that shows irregular undulations and a region that shows a
monotonic decrease in the knowledge influence amplitude
with increasing distance. D0 is the point at which the in-
fluence amplitude reaches its maximum value at the farthest
distance from the knowledge source. In acoustic theory, the
corresponding distance is called the “Rayleigh distance”,
which is regarded as the threshold between the far sound
field and the near sound field. We therefore introduce a
similar concept into the proposed model of knowledge
transfer in a knowledge alliance, and we call this distance the
knowledge Rayleigh distance.

Based on the observed distribution pattern of the
knowledge Rayleigh distance D0, the influence amplitude
shows oscillations along the z axis in the region of z<D0.
*is phenomenon occurs because the circular knowledge
radiator of the knowledge alliance is composed of a number
of enterprises that can transfer different levels of knowl-
edge. If the relationship between the knowledge source and
the knowledge receiver is too close, the noncore knowledge
transferred by a noncore enterprise is more likely to be
affected by other transmitted knowledge; consequently, this
information is likely to be mixed with knowledge output
unrelated to the current knowledge transfer, resulting in
knowledge bias. Simultaneous noncore knowledge trans-
fers will affect each other, preventing the accurate
knowledge transmission and even causing distortion of
knowledge. *us, a relationship that is too tight can lead to
uncontrollable and distorted knowledge transfer. In the
region of z>D0, the influence amplitude decreases
monotonically with increasing relationship distance, in-
dicating that, beyond a distance D0, the mutual influence
among different types of knowledge is weaker than the

relationship with distance, making the relationship dis-
tance influence dominantly on the effect of knowledge
transfer. Figure 5 shows that D0 is an extreme point, the
slopes of the curve before and after the point D0 are very
small, and the distribution curve is very smooth. *ese
observations indicate that the knowledge alliance has a
great influence on knowledge receiving enterprises in the
vicinity of D0, the mutual influence of knowledge transfer
among enterprises is small, and within a certain range, the
knowledge influence changes little with the relationship
distance. *erefore, the vicinity of D0 is a relatively con-
trollable area with a good knowledge transfer effect.
Consequently, determining the distance D0 is of great
significance for research on knowledge transfer in the
knowledge alliance. In the region of z>D0, the influence
amplitude decreases following a law of the form ∝ 1/z. *is
effect occurs because when the relationship is very distant,
the mutual influence of knowledge transfer between en-
terprises is small enough to be negligible. Hence, the in-
fluence amplitude is affected only by the relationship
distance. *e entire knowledge field can be divided into a
near field and a far field, distinguished by the distance D0.
*e region of z<D0 is called the near field of the knowledge
source, and the region of z>D0 is called the far field of the
knowledge source.

Now, let us analyse the relationship between relationship
distance and knowledge influence when the number of
enterprises in the knowledge alliance is very small and the
frequency of knowledge transfer is low. *e relevant pa-
rameters are set to k � 1 and a � 1. *e corresponding
amplitude distribution representing the influence on the axis
of the knowledge radiator is shown in Figure 6.

When the number of enterprises in the knowledge al-
liance is small, the amount of knowledge involved in the
transfer is also small, the knowledge transfer speed is ex-
tremely slow, and the amount of knowledge that can be
transferred simultaneously is naturally small. Figure 6 shows
that, in this case, the curve of the knowledge influence
amplitude monotonically decreases with increasing rela-
tionship distance, following a nearly ∝ 1/z2 law. *at is, at
small relationship distances, the knowledge influence rapidly
weakens as the relationship distance increases.

Figure 6 shows that the magnitude of the knowledge
influence decreases with increasing distance from a distance
of 0. When the relationship distance is 20, the magnitude of
the knowledge influence is reduced to 5% of its peak value.
*is result arises because the number of enterprises in the
knowledge alliance is too small, and the knowledge transfer
process can be seen as a peer-to-peer process. Since the
amount of knowledge available for transfer is too small,
there is almost no influence from noncore knowledge, and
naturally, there is no biasing or distortion of knowledge.*e
magnitude of the knowledge influence is affected by only one
factor, namely, the relationship distance. However, because
of the lack of relevant knowledge, a single instance of
knowledge transfer is greatly affected by the relationship
distance. When the relationship is not sufficiently close, the
knowledge transfer effect will be greatly reduced.
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Finally, the relationship between relationship distance
and knowledge influence is analysed for a case in which the
knowledge alliance is large and the relevant knowledge
transfer efficiency is high. *e relevant parameters are set to
k � 10 and a � 10. *e influence amplitude distribution on
the axis of the knowledge radiator can be obtained, as shown
in Figure 7.

When the knowledge alliance is large and the knowledge
transfer frequency is high, the number of enterprises par-
ticipating in the alliance is relatively large, the knowledge
volume is also large, and the knowledge transfer is greater. In

this case, the knowledge transfer capabilities of the
knowledge alliances are strong, and the interaction with
noncore knowledge is consequently exacerbated. Figure 7
shows that there are many oscillations in the curve in the
region of z<D0. *ese oscillations occur because the
knowledge transfer among the enterprises in the knowledge
alliance becomes relatively strong as the speed with which
knowledge waves are emitted by the circular knowledge
radiator becomes faster and the volume of knowledge in-
creases. Consequently, a greater degree of interaction will
occur in this situation. Compared to the general situation,
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Figure 6: Distribution of the influence in the knowledge field when the alliance is small and the transfer frequency is very low.
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Figure 5: Distribution of knowledge influence intensity in the knowledge field.
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because of the increased intensity of the knowledge transfer
process, the interaction effect is more complicated and
unstable, and there are more uncertain factors involved. In
addition, Figure 7 shows that the Rayleigh distanceD0 is 160,
which is much larger than usual. *at is, in this case, the far-
field region of the knowledge field corresponds to a farther
distance, indicating that an increase in k and a has a positive
effect on the Rayleigh distance D0. *is finding can be at-
tributed to the increase in the amount of knowledge available
and the increase in the number of enterprises involved in
knowledge transfer, which cause the knowledge transfer
process to be more stable and less affected by related factors.
*e figure shows that the distribution curve decreases more
slowly in the far-field region of the knowledge field, with
both the slope and the rate of change of the slope being
smaller.

*is paper discusses the knowledge transfer perfor-
mance of knowledge alliances when the number of enter-
prises and the frequency of knowledge transmission are
moderate, low, and high. We find that the vicinity of the
knowledge Rayleigh distance is a region with a good
knowledge transfer effect and that the knowledge field can be
divided into a near-field region and a far-field region based
on the knowledge Rayleigh distance. *e knowledge transfer
process follows different rules in the near field and the far
field. Knowledge transfer to the knowledge receiving en-
terprises in the near field is very unstable, whereas the
knowledge influence in the far field is monotonically at-
tenuated as the relationship distance increases. From a
comparison of the three cases, it can be seen that when the
number of enterprises and the frequency of knowledge
transmission are greater, the knowledge Rayleigh distance is
larger, and the influence of the knowledge alliance on the
knowledge transfer to knowledge receiving enterprises varies
more slowly in the far field.

3.2. Further Discussion. In the previous section, we dis-
cussed three kinds of conventional knowledge alliances for
which the number of enterprises and the frequency of
knowledge transmission are moderate, low, and high and
found that these alliances show different knowledge influ-
ence trends at different distances. Next, we will further
discuss the impact of these two indicators (number of en-
terprises and frequency of knowledge transfer) on the
knowledge transfer by evaluating the impact of changes in
either k or a when the value of the other indicator is fixed.

*e results for k � 1 and a � 2, 5, 10, 20 are shown in
Figures 8(a)–8(d). *e results for a � 1 and k � 2, 5, 10, 20
are shown in Figures 9(a)–9(d). From a comparison of
Figures 8 and 9, it can be seen that k and a have similar
effects on knowledge transfer. When the k value or the a

value remains unchanged, as the value of the other pa-
rameter increases, the knowledge Rayleigh distance of the
knowledge influence amplitude curve also increases, and the
near field of the knowledge field shows more oscillations.
Additionally, the attenuation with distance of the knowledge
influence amplitude in the far field becomes slower.

In other words, when the frequency of knowledge
transfer becomes higher and the knowledge Rayleigh dis-
tance of knowledge transfer is larger, the knowledge alliance
needs to maintain a more stable, relatively far relationship
distance to ensure the best knowledge transfer effect. *is is
because when increasing frequency of knowledge transfer,
the amount of knowledge transferred per unit time will
increase. According to the theory of strong ties and weak
ties, if the knowledge transfer enterprises keep strong as-
sociation with each other, external factors will disturb the
process of knowledge transfer, which is easy to cause de-
viation in knowledge content in knowledge transfer.
Keeping weak association can produce better knowledge
transfer effect.
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Figure 7: Distribution of the influence amplitude in the knowledge field when the alliance is large and the transfer efficiency is high.
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Figure 8: Distributions of the influence amplitude in the knowledge field when k � 1 and a � 2, 5, 10, 20.
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When the number of enterprises in the knowledge al-
liance increases, the knowledge alliance needs to be stable,
and a relatively far relationship distance can produce good
knowledge transfer effect. *is is because in the process of
knowledge transfer, the larger the number of enterprises in
the alliance, the more the level of knowledge will be. Re-
ceiving enterprises can deepen their understanding of
knowledge by receiving different levels of knowledge, but
they are also vulnerable to multi-level knowledge. When
there are many members in the alliance, the knowledge
receiving enterprise should keep a certain relationship

distance with the knowledge sending enterprise. If the re-
lationship distance is too close, knowledge will be accepted
without hesitation, which may lead to the deviation and
distortion of understanding due to the multilevel under-
standing of knowledge in the alliance. Only by keeping a
certain distance and selectively accepting and integrating the
received knowledge, can enterprises understand and absorb
the multilevel knowledge objectively.

*is is consistent with the view of knowledge network
and technology innovation network. According to the
knowledge network theory, the organizational scale of
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Figure 9: Distributions of the influence amplitude in the knowledge field when a � 1 and k � 2, 5, 10, 20.
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Figure 10: Coordinate frame for the circular knowledge radiator model.
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Figure 11: Distributions of the influence amplitude in the knowledge field when k � 2 and a � 2, 5, 10.

 

 

0

0.2

0.4

0.6

0.8

1

Kn
ow

le
dg

e i
nf

lu
en

ce
 am

pl
itu

de

50 100 150 2000
Distance between knowledge source and knowledge receiving enterprise

k = 5 a = 2

(a)

Figure 12: Continued.

16 Complexity



knowledge network can be regarded as the number of
members in social network. *ere is a positive correlation
between the number of enterprises in knowledge alliance
and the complexity of the cooperation relationship among
the members of knowledge alliance. *e close relationship
among enterprises will cause expensive communication
costs, coordination costs, and supervision costs.
According to the technological innovation network the-
ory, maintaining a stable relationship within an organi-
zation helps to improve the efficiency of knowledge
transfer and thus promote knowledge innovation. When

the number of enterprises in knowledge alliance is large, it
is difficult to maintain a stable intimate relationship, so it
is better to keep the appropriate relationship distance
when the organization scale is large.

*is paper sets k and a to different values and continues to
discuss the interactive relationship among the frequency of
knowledge transfer, the number of knowledge alliance enter-
prises, and the relationship distance. Due to space limitations,
this paper puts the specific discussion in the appendix.

*is paper explores the specific impacts of these two
influencing factors on knowledge transfer and the
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Figure 12: Distributions of the influence amplitude in the knowledge field when k � 5 and a � 2, 5, 10.
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Figure 13: Distributions of the influence amplitude in the knowledge field when a � 2 and k � 2, 5, 10.
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relationship between these two factors through an in-
vestigation of knowledge alliances with different num-
bers of participating enterprises and different
frequencies of knowledge transfer. *e number of en-
terprises and the frequency of knowledge transfer in a
knowledge alliance are both important factors influ-
encing knowledge transfer. *e effects of these two
influencing factors are similar. As the number of en-
terprises or the frequency of knowledge transfer in-
creases, the instability of knowledge transfer in the near

field increases. At the same time, the knowledge Rayleigh
distance increases, and the rate of change in knowledge
transfer in the far field slows down.*ese two influencing
factors also mutually affect each other, with a change in
one factor enhancing the effect of the other. However, the
knowledge influence is more sensitive to changes in the
number of enterprises, and correspondingly, the number
of enterprises also exerts a more obvious effect on the
influence of a change in the frequency of knowledge
transfer.
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Figure 14: Distributions of the influence amplitude in the knowledge field when a � 5 and k � 2, 5, 10.
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4. Conclusions and Countermeasures

4.1. Research Conclusions. In this paper, the theory of
acoustic wave transfer is introduced, the circular knowledge
radiator model is introduced as a model of knowledge
transfer in a knowledge alliance, and the relationships
among the factors affecting knowledge transfer are studied.
Based on this research, the following conclusions can be
drawn. First, the effect of knowledge transfer in a knowledge
alliance is affected by the number of enterprises in the
knowledge alliance, the frequency of knowledge transfer in
the knowledge alliance, and the relationship distance be-
tween the knowledge sending enterprise and each knowl-
edge receiving enterprise. *ese three influencing factors are
interrelated and exert interdependent effects on knowledge
transfer. Second, the knowledge field corresponding to
knowledge transfer can be divided into a near-field region
and a far-field region based on the knowledge Rayleigh
distance. In the near field, the curve representing the
knowledge influence amplitude shows more variation,
whereas in the far field, the knowledge influence amplitude
decreases monotonically with increasing distance. *e vi-
cinity of the knowledge Rayleigh distance is the region with
the best knowledge transfer behaviour. *e knowledge
Rayleigh distance of a knowledge alliance is affected by the
number of enterprises participating in the alliance and the
frequency of knowledge transfer. *ird, an increase in either
the number of enterprises in the knowledge alliance or the
frequency of knowledge transfer will cause the knowledge
Rayleigh distance to increase. Additionally, the oscillation of
the influence amplitude curve in the near field will increase,
and the amplitude of the knowledge influence in the far field
will decrease more gradually with distance. *erefore, en-
suring a relatively large number of knowledge alliance
members and a high knowledge transfer frequency is ben-
eficial for adjusting the appropriate relationship distance to
achieve a satisfactory knowledge transfer effect in a
knowledge alliance. Fourth, compared with the frequency of
knowledge transfer, the number of enterprises in the alliance
has a more significant impact on knowledge transfer.
*erefore, a reasonable grasp of the influence of the number
of alliance members is the key to improving the efficiency of
knowledge transfer.

*e main insights of this paper are as follows: firstly, the
simulation analysis found that the number of knowledge
alliance enterprises and the frequency of knowledge transfer
have mutual influence, and the impact on knowledge
transfer is not independent. Secondly, when the number of
enterprises and the frequency of knowledge transfer are
large, knowledge alliance needs to maintain a stable and
relatively intimate relationship distance. Finally, knowledge
transfer in knowledge alliance has the best effect at the
knowledge Rayleigh distance point.

4.2. Policy Implications. *e above conclusions have certain
significance for guiding the development of alliance strat-
egies for knowledge alliances and efforts to improve the

knowledge transfer efficiency in knowledge alliances, as
follows:

(1) Government level. *e number of enterprises in an
alliance has a significant impact on the knowledge
transfer effect. Both increasing the number of alli-
ance members and increasing the frequency of
knowledge transfer are beneficial for maintaining an
appropriate relationship distance in the knowledge
transfer process. *erefore, the government should
adopt policies to encourage enterprises to establish
large-scale knowledge alliances and promote efficient
interenterprise communication methods to meet the
needs of more levels of knowledge transfer and
ensure knowledge transfer efficiency in knowledge
alliances. Additionally, the effective operation of
knowledge alliances requires a reasonably sound
policy environment. *e government should stan-
dardize intellectual property protection mechanisms
and an alliance contract system in accordance with
market conditions and improve relevant laws, reg-
ulations, and related policies. In addition, the gov-
ernment should satisfy the requirements for the
effective operation of knowledge alliances, support
the effective operation of knowledge alliances, and
promote the smooth development of knowledge
alliances [78].

(2) Alliance level. *e best knowledge transfer effect can
be achieved for a knowledge receiving enterprise for
which the relationship distance between the
knowledge sending enterprise and the knowledge
receiving enterprise is near the Rayleigh distance of
the knowledge field. Under different conditions, the
partner that best matches the knowledge transfer
characteristics of a knowledge alliance will be dif-
ferent. *e collaborative objective of knowledge
transfer is directly related to the efficiency and
quality of knowledge transfer within a knowledge
alliance. Such an alliance should establish a suitable
matching mechanism and carefully select collabo-
ration partners. Screening based on this matching
mechanism prior to knowledge transfer will be
beneficial for helping a knowledge alliance find
suitable partners. Additionally, an alliance should
focus on communication among its partners. Formal
mechanisms for communication between alliance
members and between the alliance and knowledge
transfer partners should be established, and an at-
mosphere of informal communication should be
created. It is necessary to establish and improve the
mechanisms of trust, conflict management, and
punishment among the alliance members to apply a
controlling force on improper behaviour within the
knowledge alliance, manage the relationships be-
tween the partners, and strengthen their trust
[79, 80]. In addition, an alliance should adopt dif-
ferent strategies for different knowledge transfer
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processes and rationally regulate the number of
enterprises participating in knowledge transfer
within the alliance and the appropriate frequency of
knowledge transfer in accordance with the distance
between the knowledge sending enterprise and the
knowledge receiving enterprise to adapt to different
knowledge transfer needs.

4.3. Main Contributions of 3is Paper. *e main theoretical
contributions of this paper are as follows:

(1) In the research field of strategic alliances and
knowledge transfer [13, 21, 49, 51, 81–83], some
scholars realized the similarity between knowledge
and acoustic waves, but there are few literatures on
metaphor research using the acoustic model. In this
paper, the theory of acoustic wave is applied to
metaphorical analysis of knowledge transfer in
knowledge alliance, and the circular radiator model
is introduced into the research field of knowledge
transfer, which provides a new research tool for the
research field of strategic alliance and knowledge
transfer.

(2) When studying the partner matching of strategic
alliance, most scholars emphasize the matching
among members in structure, strategy, and culture
[8, 23, 79, 84–87] and paid insufficient attention to
the characteristics and capabilities of alliances. Only
a few of them discussed the choice of partners from
the perspective of knowledge classification or en-
terprise type [9, 10, 82]. From the perspective of
alliance characteristics and capabilities, this paper
explores the influence of the number of alliance
enterprises on knowledge transfer. *is paper
studies knowledge transfer in knowledge alliance
from a new perspective, expands the research
perspective in the field of knowledge transfer, and
enriches the research content of alliance charac-
teristics and alliance capability dimensions in
strategic alliance.

(3) In the research field of knowledge transfer, many
literatures emphasized the relationship management
among members of strategic alliances
[14, 15, 45, 46, 88–91] but did not link the appro-
priate relationship distance among alliance members
to alliance characteristics and alliance capability
dimensions. *is paper points out that there is an
appropriate relationship distance for knowledge
transfer in knowledge alliances with different
number of members and different frequencies of
knowledge transfer. *is paper also expands the
research paradigm of the single factor of knowledge
transfer in the knowledge alliance and analyzes the
complex interaction relationship among the three
influencing factors of the number of knowledge al-
liance members, knowledge transfer frequency, and
relationship distance.

4.4. Deficiencies and Outlook. *is paper uses the metaphor
model to study knowledge transfer in knowledge alliance,
which has certain theoretical and practical value. However,
due to the limitations of the author’s ability and time, there
are still some shortcomings. On the one hand, this paper
studies the interaction among the three influencing factors
in the process of knowledge transfer. Other factors may also
have an impact on knowledge transfer in knowledge alliance,
such as the impact of policy factors and knowledge attributes
in the process of knowledge transfer. On the other hand, the
simulation method used in this paper is not combined with
statistical data. *e author will do more in-depth and de-
tailed research in the future.

In addition, the author believes that this paper can
provide reference for future research in the following three
aspects:

(1) For the strategic alliances, knowledge transfer, and
complexity science research, the use of metaphorical
research methods can provide new research direc-
tions. In this paper, based on metaphor analysis,
concepts and models in the theory of acoustic wave
transfer are introduced into the research field of
knowledge transfer, which has important implica-
tions to future research.

(2) *is paper explores the influence of alliance char-
acteristics and capabilities on the matching degree of
partner selection in knowledge transfer and analyzes
the role of the number of alliance enterprises in this
process. It expands the research perspective of
knowledge transfer. Based on this paper, researchers
can do more in-depth research on the number of
alliance enterprises.

(3) In this paper, the appropriate relationship distance
among alliance members is connected on alliance
characteristics and alliance capability dimensions,
which expands the research paradigm of a single
factor of knowledge transfer in knowledge alliance.
In the research field of alliance relationship man-
agement, researchers can further consider the
complex role of multiple factors.

Appendix

Knowledge Field Knowledge Influence Function Deduction
and Simplification Process. Because r≫ a, rA ≈ r−

ρ cosφ sin θ. In the denominator of the integrand function,
the authors take rA⟶ r, and in the exponential factor of
the integrand, the authors take rA⟶ r − ρ cosφ sin θ; thus,
the authors can obtain

Φ(r) � e
jωt B

S

v0

2π
e− jkrA

rA

ds

�
v0

2π
ej(ωt− kr)

r


a

0

2π

0
e

jkρ cosφ sin θρ dφ dρ.

(A.1)

Because
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J0(x) �
1
2π


2π

0
e
±jx cosφdφ, (A.2)

xJ1(x) �  xJ0(x)dx, (A.3)

Φ(r) �
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2π
ej(ωt− kr)

r
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0

2π

0
e
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�
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ej(ωt− kr)

r
2π 

a

0
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�
ej(ωt− kr)v0

r


a

0

J0(kρ sin θ)kρ sin θ
(k sin θ)2

dkρ sin θ

�
ej(ωt− kr)v0

r

J1(kρ sin θ)kρ sin θ
(k sin θ)2

ρ � a

ρ � 0



�
ej(ωt− kr)v0a

2

r

J1(ka sin θ)

(ka sin θ)2
,

(A.4)

where J0(x) and J1(x) represent the 0th-order and 1st-order
Bessel functions, respectively.

*us, according to

p(r) � ρ0
zΦ(r)

zr
, (A.5)

we can obtain the distribution function describing the influence
of the knowledge alliance in the knowledge field as follows:

p(r) �
jωρ0a2v0e

j(ωt− kr)

2r

2J1(ka sin θ)

(ka sin θ)
, (A.6)

where p(r) denotes the influence of the circular knowledge
radiator on knowledge transfer at any point in the knowl-
edge field and ρ0 denotes the density of the environment,
which affects the diffusion of knowledge waves.

*e knowledge wave number is an important concept.
Based on the knowledge wave number, the authors can
obtain many variables related to knowledge wave transfer to
characterize the specific knowledge transfer situation, such
as the knowledge wave frequency f, the knowledge wave-
length λ, the knowledge wave cycle T, and the knowledge
wave velocity c, where the knowledge wave frequency f and
the knowledge wave cycle T are reciprocal to each other, that
is, f � 1/T. *e knowledge wave frequency f represents the
number of knowledge waves sent per unit time. *e
knowledge wave cycle T represents how long it takes to send
a knowledge wave.*e knowledge wave velocity c represents
the speed of knowledge wave propagation in the environ-
ment. *e knowledge wavelength λ represents the distance
travelled by a knowledge wave over the course of one period.
Clearly, the relationship among c, f, and λ is c � fλ. *e
knowledge wave number k represents the number of
knowledge wave periods within the length of 2π, that is,
k � 2π/λ; through variable substitution, k � 2πf/c can be
obtained. *e relationship between the knowledge wave
angular frequency ω and the knowledge wave frequency f is
ω � 2πf � 2π/T. *erefore, the knowledge wave angular
frequency ω can also be understood as the number of
complete knowledge wave periods produced in a time

duration of 2π. *e knowledge wave angular frequency ω,
the knowledge wave frequency f, and the knowledge wave
number k are closely related. *rough substitution, ex-
pressions written in terms of these quantities can instead be
expressed in terms of the knowledge wavelength λ and the
knowledge wave velocity c.

From formula (A.6), the authors can observe that this
influence distribution function varies with θ in addition to r.
*at is, at the same distance in space, the distribution of the
knowledge influence is different at different angles. Taking θ �

0∘ as the initial direction value, a knowledge field directivity
function Φ can be obtained by normalizing the knowledge
influence distribution function for different angles:

D(θ) �
|p(z, θ)|

|p(z, θ � 0)|
�
2J1(ka sin θ)

(ka sin θ)




. (A.7)

Observing formula (A.6), the authors can find that
formula (A.6) is more complicated and contains too many
variables, which makes it difficult to conduct simulation
research directly. *erefore, the formula needs to be sim-
plified to some extent, and the underlying laws of knowledge
transfer are sought by studying changes in several core
variables. Based on this, this paper assumes that, during the
knowledge transfer process of the knowledge alliance, the
target knowledge receiving enterprise is on the centre axis of
the knowledge circular radiator. *is means that the target
knowledge receiving enterprise corresponds to this
knowledge transfer and has the highest degree of matching
with this knowledge transfer. *e selection of coordinate
axes can be simplified to Figure 10.

*e velocity potential function in the knowledge field
is known to be Φ(r) � ejωtJ

S
(v0/2π)(e− jkrA /rA)ds, where

rA represents the distance between a knowledge element
of the circular knowledge radiator and the point M in the
knowledge field at which the knowledge receiving en-
terprise is located. S denotes the circular face of the
knowledge radiator of radius a. *e knowledge receiving
enterprise is located at a point z on the axis, where
rA �

������
z2 + ρ2


. *e authors can obtain the corresponding

function describing the velocity potential in the knowl-
edge field as follows:

Φ(z) � e
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(A.8)

From formula (A.5), the distribution function describing
the knowledge influence of the circular knowledge radiator
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on a knowledge receiving enterprise in the knowledge al-
liance can be obtained as follows:

p(r) � − jωρ0
2v0

k
sin

k

2
������
z2 + a2

√
− z  e

j ωt− (k/2)
����
z2+a2

√
+z( )[ ].

(A.9)

It is worth noting that the influence on knowledge
transfer within the knowledge field is equivalent to the
knowledge waves. With a continuous cyclical variation
over time, the influence amplitude Pm(r) represents the
distribution of the knowledge transfer influence of the
circular knowledge radiator on the knowledge receiving
enterprises as a function of the relationship distance as
follows:

pm(r) � sin
k

2
������
z2 + a2

√
− z  




. (A.10)

Simulation Analysis Supplement. Figures 11(a)–11(c)
show the distributions of the influence amplitude for
knowledge transfer when k � 2 and a � 2, 5, 10, respectively.
Figures 12(a)–12(b) show the distributions when k � 5 and
a � 2, 5, 10, respectively. By comparing Figures 8(a)–8(c)
with Figures 11 and 12, it can be seen that the effect of
an identical change in the a value is different for different k

values. When the value of k is small, the influence of an
increase in the a value is also relatively small; the Rayleigh
distance changes by approximately 15 units from a � 2 to
a � 10. When k � 2 and k � 5, the same change in a causes
the Rayleigh distance to change by approximately 30 and 80
units, respectively. Similarly, with smaller k values, the near-
field oscillation in the knowledge field and the far field
influence decrease. It is not difficult to find that an increase
in the k value will amplify the influence of larger a values on
knowledge transfer. As seen from the numerical values and
the graphs, the relationship between an increase in the k

value and the influence of the a value is approximately
proportional, with a coefficient of 1.

Similarly, the next step in exploring the influence of
different a values is to determine the effect of changes in
the k value on knowledge transfer for different fixed values
of a. Figures 13(a)–13(c) show the distributions of the
influence amplitude for knowledge transfer when a � 2
and k � 2, 5, 10, respectively. Figures 14(a)–14(c) show the
distributions when a � 5 and k � 2, 5, 10, respectively. By
comparing Figures 9(a)–9(c) with Figures 13 and 14, it can
be seen that the effect of a on the influence of the k value is
similar to the effect of k on the influence of the a value. For
different values of a, the same change in the k value has
different effects on knowledge transfer. *e larger the a

value is, the greater the change in the influence amplitude
distribution that is caused by a change in the k value.
However, compared with the previous case, it is obvious
that a change in the k value without a change in the a value
has a smaller influence on knowledge transfer. For ex-
ample, a comparison of the knowledge influence ampli-
tude curves for k � 2 and a � 2, k � 2 and a � 10, and
k � 10 and a � 2 shows that the curve is more sensitive to
changes in the a value.
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