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Multi field coupling dynamics analysis has always been a problem of great concern. As the
basic elements of machinery, the properties of materials such as mechanics, thermodynamics, and
electromagnetism play an essential role in mechanical design. On the one hand, in recent years,
the material property system in a single discipline has tended to be perfect, but machinery usually
works under the action of multi-field coupling, and there are often multiple design indicators that
are difficult to reconcile in terms of weight and scope of action. Therefore, it is quite difficult to use
the single-field performance index of the material to achieve the design goal of multi-field coupled
machinery at one time. On the other hand, due to the development of science and technology,
the natural balance has been greatly changed. It is foreseeable that the important direction of the
next industrial revolution should be to develop in harmony with nature on the basis of meeting
the needs of human survival and production. While developing new materials, we must also pay
attention to the comprehensive utilization rate of materials, and cannot blindly pursue the ultimate
performance in a certain aspect. Therefore, with the help of the proposed axiomatic principle of
dynamic behavior of materials, a new description method of multi-field coupling index is proposed.
In the future, one of these indicators can be used to develop multi-field coupled mechanical design
methods for mechanical design, and the second is to use these indicators to develop evaluation
criteria that can describe the environmental conditions of materials, which has certain practical
significance.

I. INTRDOCTION

At present, machinery manufacturing is one of the
most important production activities for human beings.
German mechanic Reuleaux F [1] believed that machin-
ery is a collection of components connected in various
ways. The movement of a certain component drives other
components to achieve mechanical functions, and the
relative motion relationship depends on the connection
state between the component units. A set of excellent
mechanical design scheme can greatly improve the op-
eraten efficiency, reliability and service life of machinery
[2], and can also reduce the cost of manufacturing, main-
tenance and energy consumption as much as possible [3].
Therefore, mechanical design is an indispensable and im-
portant part in the further development of science and
technology in the future.

Usually, the mechanical design is to select reasonable
modes and routes for energy transmission by comparison,
and combine the functional input and output mechanism
to achieve the purpose of realizing the mechanical func-
tion. Therefore, the essence of mechanical design is to
choose an appropriate energy transfer method to achieve
high-efficiency realization of mechanical functions. In re-
lated research, Petrescu F I et al. [4] proposed a method
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to determine gear efficiency, gear force, speed, and power.
Esmail E L et al. [5] proposed a two-degree-of-freedom
transmission efficiency calculation formula, proving the
dependence between kinematics and efficiency. Bharti S
et al. [6] studied the wear performance of gears under
non-lubricated and wet-lubricated conditions. Federico
G et al. [7] proposed a new mathematical model to esti-
mate the mechanical efficiency of harmonic drives.

In general, the efficiency of transmission equipment is
the main evaluation index for the strength of mechani-
cal design functions at present [8], and the improvement
of mechanical efficiency means the enhancement of me-
chanical functions [9]. The mechanical efficiency is the
percentage of the output and input work of the machine
when the machine is running stably [10]. It is defined
from the perspective of energy and is a key parameter in
the design process of general energy power machinery [11]
and transmission machinery [12], not a key parameter of
general dynamic balance machinery [13]. Since efficiency
cannot express the degree of action of physical quantities,
when designing new machinery, it is still not possible to
rely solely on mechanical efficiency to design machinery,
and other important physical parameters are also con-
sidered. For example, the design of aero-engine needs to
comprehensively consider the boost rate of the compres-
sor [14]; the design of the gear transmission mechanism
should comprehensively consider physical quantities such
as speed [15]. Therefore, it is a very important scientific
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problem to clarify the design index of mechanical func-
tion.And with the help of the research on the essence of
function, it is one of the problems to be solved in this re-
search to clarify the design index of mechanical function.

According to the current design method, the mechan-
ical structure design is carried out after the mechani-
cal function design is completed [16]. In the mechanical
structure design, a streamlined and suitable mechanical
structure can effectively reduce the mechanical quality
[17] and improve the mechanical function stability [18]
and efficiency. The complicated and improper mechan-
ical structure will improve the mechanical quality [19],
and may endanger the normal operaten of the machinery.
When facing different usage scenarios, mechanical struc-
tural design problems can be divided into lightweight
design [20]; traditional structural design based on dif-
ferent loads [21]; structural stability design[22] and reli-
able/durable design [23] problems.

The yield limit is the stress that resists a small amount
of plastic deformation [24]. The strength limit is the max-
imum stress value that a member can withstand while
maintaining the mechanical strength of the member [25].
In order to reduce the probability of plastic deformation
or fracture failure in mechanical design, the more direct
and simple approach is to increase the amount of mate-
rial. The reduction of material utilization rate will lead
to a series of economic problems such as the increase of
cost [26], and even affect the development of precision
[27] and batch [28] of machinery.

In order to further reduce the design weight of ma-
chinery, lightweight design has gradually become a key
link in the mechanical design process [29]. In the me-
chanical design of transportation, aerospace and other
fields, in order to keep the mechanical function unaf-
fected, lightweight design is a recognized and necessary
design process [30]. However, due to the changes in the
geometric parameters of lightweight design, the current
lightweight design results may lead to local instability
[31], local stress concentraten [32] and other phenomena
of the structure, which in turn causes reliability problems
such as structural stability or durability.

The stability of the structure refers to the ability of
the structure to maintain the original equilibrium state
under the action of load [33]. The durability of the struc-
ture refers to the long time that the structure can be
used without failure [34], which is the longevity of the
mechanical structure. Cracks or fractures may occur in
mechanical parts under the action of alternating stress
for a long time [35], thereby reducing the durability of
the mechanical structure. The reliability of the struc-
ture refers to the ability of the structure to complete the
function under the specified conditions and within the
specified time [36].

In the mechanical structure design, the irreconcilable
contradictions will occur between the structural indica-
tors at the structural design level. Therefore, unifying the
design indicators of the mechanical structure and avoid-
ing the interference between the indicators are the prob-

lems that need to be solved in this research.
Fundamentally, the mechanical design quality deter-

mines the operatenal quality of a machine [37]. Schulte
F et al. [38] propose a more detailed system coping strat-
egy that includes response functions, describing system
functions and their interconnections through signals, ma-
terials, and energy flow. Yoqubjon Y [39] proposed a
structural optimization design method based on struc-
tural optimization and parameter optimization. Yan G et
al. [40] proposed a design method of bio-inspired vibraten
isolation machinery from the perspective of mechanics.
The development of these methods mainly relies on tra-
ditional mechanical design methods and supplements or
optimizes them with industry technology.

The traditional mechanical design method is mainly re-
flected in the serial design idea, that is, the functional de-
sign and structural design of the machine are carried out
step by step [41]. With the continuous development of
mechanical design research, scholars have gradually real-
ized that there are numerous repetitive structures among
the functional structures of machinery [42]. On the one
hand, this problem will lead to the extension of the design
cycle and the increase of the design cost. On the other
hand, the simple combination of structural elements is
easy to interact with each other.

Therefore, some scholars have proposed the design idea
of functional structure integraten. For example, Gu D et
al. [43] proposed an integrated design method of func-
tional structure by means of additive manufacturing in
Science. Liu H et al. [44] elaborated on the principle,
structure, output performance and advantages of various
hybrid energy harvesting systems. And Zaman H R R et
al. [45] proposed an improved particle swarm optimiza-
tion method for mechanical optimization design. Thomas
J P [46] proposed a method for deriving an index. In ad-
dition, multidisciplinary fusion methods such as collabo-
rative design [47] are also current research hotspots, but
they are not essentially separated from the design idea of
tandem. Researches on electromechanical coupling [48]
and fluid-structure coupling [49] are widely carried out,
but the accuracy of the algorithm still causes certain un-
certainty in mechanical design [50].

At present, the difficulty of functional structure in-
tegrated mechanical design is mainly concentrated in
the inability to establish a direct connection between
the mechanical structure and the realization of functions
[51][52]. Therefore, it is necessary to effectively construct
a multi-field coupling design system between the struc-
ture and the function in the mechanical design.

II. AXIOMATIC PRINCIPLES OF DYNAMIC
BEHAVIOR OF MATERIALS

In order to further improve the quality of mechanical
design, it is necessary to find a unified mechanical struc-
ture and function design index, which requires clarifying
the basic principles of mechanical design, so as to obtain
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new mechanical design indicators.

A. Function and Structure

Definition 1. The bounded closed space composed of all
points in the machine is called the ontology space of
the machine; the bounded open space composed of all the
points that the machine may act on is called the envi-
ronment space of the machine. It can be seen from this
that the ontology space of a machine is a subspace of its
environment space.

Definition 2. All machines are called design ma-
chines, the complete set of machines is called machine
space, machines in n-dimensional space are called n-
dimensional space machines, and n-dimensional space
machines must be n-dimensional design machines.

Definition 3. The set of infinite points in the mechani-
cal environment space is Ω ⊆ Rn . Since the function of
the machine is the effect of the mechanical part P ⊆ Ω
on the environmental space Ω , and the two spaces are
homeomorphic, that is, the function is the mapping be-
tween the functional part of the machine and the environ-
mental space. Then, the function of the machine can be
defined as

ϕ : p 7→ ω, p ∈ P, ω ∈ Ω.

If the set composed of all functions is called function
set Φ , then ϕ ∈ Φ.

As shown in Fig.1, at this time, point A in a certain
area of the static boom forms a mapping relationship
with point B in the corresponding area of the environ-
ment space of the boom. Assuming that the mapping
relationship is displacement, then the second derivative
of this mapping relationship to time is acceleraten. Ac-
cording to D’Alembert’s principle, this acceleraten is pro-
duced by inertial forces. Therefore, this mapping can
reveal the force of the boom on the object, even if the
object lifts this function.

FIG. 1: Boom machinery and its environment space

Definition 4. The normed vector space composed of in-
finite points in the ontology space of the design machine
is Q ⊆ Rn . The structural part S ⊆ Q of the machine
is to support and connect the whole machine Q and com-
plete the function of Q . Since there must be load flow
conduction in supports and connections, there is a map-
ping relationship between the structural part of the ma-
chine and the entire machine. Then, the structure of
the machine can be defined as

Ψa : s 7→ q, s ∈ S, q ∈ Q,

among them, a is called structural design index, then the
set composed of all structural targets is called structural
set Ψ , then ψa ∈ Ψ.

Considering that the part of the mechanically gener-
ated function is also realized by the mechanical struc-
tural part, the intersection of the part of the mechani-
cally generated function and the structural part is called
the functional structure part R , that is,

R = P ∩ S.

B. Density and Tensor-Change Rate(T-C Rate)

In physics, density is a common concept. In mechanics,
and it can be obtained from this that density can describe
the effect of scalar physical quantities, such as the greater
the density, the greater the effect of mass.

Definition 5. Let ρ be the scalar field of any scalar
field 4 that changes with time and space in bounded n-
dimensional space Q ⊆ Rn and time T ⊂ [0, Tt]. When
the scalar field refers to the physical field, it satisfies

ρ = lim
∆τ→0

∆ϕ

∆τ
=
dϕ

dτ
, (1)

then ρ is called the density of the physical quantity ϕ.

When the amount of the physical quantity flowing out
of the object is greater or less than the amount flowing
into the object, it means that the source or sink of the
physical quantity is formed inside the object, and the
source and sink are the effect of the physical quantity on
the object (Fig.2).

Theorem 1. The divergence of any vector can be de-
scribed as the density of the flux of the vector function.

Proof: Set ϕi ∈ Cm (Rn),then the flux of the vector func-
tion can be expressed as A =

∮
σ
ϕi dσi,and according to

Gauss’s theorem,
∮
σ
ϕi dσi =

∫
τ
ϕi,i dτ ,namely

ϕi,i = lim
∆τ→0

∮
σ
ϕi dσi

∆τ

.
Then the divergence of any vector can be described as

the density of the flux of the vector function.
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(a) Flux is positive (b) Flux is negative (c) Flux is zero

FIG. 2: The role of flux and vector physical quantities.

Definition 6. Let ρ be a scalar function of n-
dimensional bounded space Ω ⊂ Rn and time T ⊂ [0, Tt]
about any vector ϕi ∈ Cm (Rn × [0, Tt]) that changes with
time and space, when vector ϕi is a physical quantity, it
satisfies

ρ = ϕi,i, (2)

then ρ is called the density of the physical quantity ϕi.

As shown in Fig.3, the points with the greatest local
effect of the vector field are mainly concentrated in the
six points A, B, C, D, E and F . Considering that con-
vergence and dispersion are the sink and source points of
the vector field, the magnitude of the divergence of the
vector field indicates the degree of action of the vector
field, which is the density of the vector physical field.

FIG. 3: The role of vector fields

Considering that tensors can be represented by vectors
as

ϕij = (ϕi)j , (3)

that is, each component of the vector is also a vector, so it
can be considered that the density of the tensor physical
quantity is the double divergence.

Definition 7. Let ρ be a function of n-dimensional
bounded space Ω ⊂ Rn and time T ⊂ [0, Tt] about any
vector ϕi ∈ Cm (Rn × [0, Tt]) that changes with time
and space, when vector ϕij ∈ Cm (Rn×n × [0, Tt]) that
changes with time and space, when tensor ϕij is a phys-
ical quantity, there are

ρ = ϕij,ij , (4)

then ρ is called the density of the physical quantity ϕij.

Mean while, the volume is also a very important refer-
ence factor.

Theorem 2. The volume fraction of density can repre-
sent the effect of physical quantity formation.

Proof. Under the framework of Euler mechanics, the
change of physical quantity is realized by the distribution
of the field. The function or structure of the machine, as
an effect on the environment or itself, must change the
field distribution under the Euler framework. Therefore,
the effect formed by any physical quantity can be con-
verted into another scalar to measure, that is, the volume
fraction of density.

Definition 8. The volume fraction of the density of a
physical quantity in the environmental space is called the
mass of the physical quantity, that is, for any physical
quantity ϕij ∈ Cm (Rn×n × [0, Tt]),use the density of the
physical quantity to construct a mapping relationship ϑ :
ϕij 7→ γ,γ is called the mass of the physical quantity,
which can be expressed as

γ =

∫
τ

ρdτ, (5)

where ρ refers to the density of the physical quantity, and
refers to the volume of the space where the physical quan-
tity acts.

Theorem 3. When the mass of the physical quantity is
a certain value, the mass of the physical quantity can be
reduced to the form of the line integral of the infinite field,
that is, let ρ be any scalar in the bounded space Ω ⊂ R,τ
is the volume of the space, then∫

τ

ρdτ =

∫ +∞

−∞
ρdx. (6)

Proof. Suppose a cylinder with base area S = 1 and
height of infinite length, since the two open sets are home-
omorphic, the space is homeomorphic to the environment
space, then ∫

τ

ρdτ =

∫
x

ρS dx =

∫ +∞

−∞
ρdx.

Definition 9. Treating the mechanical design process as
a stochastic process, the probability for a single function
and a single structure is

P (x) =

∫ x

−∞
σp(ξ)dξ;P (x) =

∫ x

−∞
σs(ξ)dξ. (7)

where σp and σs are the density of physical quantity to
realize the function and structure.

As shown in Fig.4, in the random process of mechani-
cal design, there are two probability distributions of func-
tional design and structural design. Its rate reveals the
strength of mechanical function and structure.
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FIG. 4: Schematic diagram of the probability
distribution relationship between physical quantity

density and design machinery

Definition 10. For a quasi-single functional machine,
the rate of the density of functional physical quantities to
the density of structural physical quantities is called the
tensor-change rate of mechanical function to structure,
that is

zp,s =
σp
σs
. (8)

The density of the structural physical quantity is higher
than the density of the functional physical quantity is
called the mechanical structure-to-function tensor-change
rate, namely

zs,p =
σs
σp
, (9)

where σp and σs are the density of physical quantity to
realize the function and structure.

The tensor-change rate can not only intuitively de-
scribe the functional or structural strength of a quasi-
single functional machine, but also directly participate
in the expression of the basic dynamic equations. That
is to say, the two laws can be used to design machinery.

Definition 11. The function tensor-change rate zp or
the structure tensor-change rate zs can be defined as

zp =
σp
ρ

; zs =
σs
ρ
, (10)

where σ is the physical quantity density to achieve the
function or structure; ρ is the mass density.

C. Analysis of Tensor-Change Rate

Suppose displacement xk ∈ Ω ⊆ Rn,(xk)j ,(ẋk)j and
(ẍk)j represent the displacement, velocity and accelera-
tion of the jth element. So the component is regarded

as a multi-degree-of-freedom body composed of multiple
elements, and the basic dynamic equation is expressed
as:{

(F pk )
i

}
− {(F sk )i} = [Mα

ij ] {(ẍk)j}+ [Cij ] {(ẋk)j}
+ [Kij ] {(xk)j} ,

(11)

where [Cij ] is the damping tensor of the ith unit to the jth
unit, reflecting the damping effect. [Kij ] is the stiffness
tensor of the ith element to the jth element, reflecting
the deformation effect of the part. [Mα

ij ] is the square

matrix composed of the component element mass. (F pk )
i

and (F sk )i are the functional or structural forces acting
on the ith element.

The functional force here refers to the external force
applied to the input part or the external force of the
output part, and the structural force is the force caused
by stress and strain. Suppose the environmental space is
τ and its boundary is A, considering that the structural
force is the form of stress acting in the environmental
space. Therefore, the flux of the structural force can be
expressed as∮

A

F skdAk =

∮
A

∮
A

σkαdAαdAk = γs, (12)

where F sk is the structural force; σkα is the stress state
that produces the force; σs is the density of the force;
and γs is the mass of the force. Similarly, if σp is the
density of the functional force and γp is the mass of the
functional force, the flux of the functional force F pi can
be expressed as follows∮

A

F pi dAi =

∫
τ

F pi,i =

∫
τ

σpdτ = γp. (13)

Since mass has no flux effect, assuming that σa,σν and
σx are used to represent the density of acceleration, ve-
locity, and displacement, respectively, the flux on both
sides can be obtained:∫

τ

{σpi } dτ −
∫
τ

{σsi } dτ =

∫
τ

[
Mα
ij

] {
σaj
}
dτ

+

∫
τ

[Cij ]
{
σνj
}
dτ +

∫
τ

[Kij ]
{
σxj
}
dτ.

(14)

Eq.(14) is equal to the following equation.

{σpi } − {σ
s
i } =

[
Mα
ij

] {
σaj
}

+ [Cij ]
{
σνj
}

+ [Kij ]
{
σxj
}
.

(15)
Multiply both sides of the equal sign above by the in-

verse matrix ρ−αij of the density, and use zpi and zsi to
represent the functional tensor rate and structural ten-
sor rate of the ith unit. Correspondingly, zaj , zvj and zxj
are used to denote the acceleraten, velocity and displace-
ment tensor of the jth element. Then

{zpi }−{z
s
i } =

[
Mα
ij

] {
zaj
}

+[Cij ]
{
zvj
}

+[Kij ]
{
zxj
}
. (16)

A diagonalized square matrix [Zij ] is constructed:

[Zij ] = diag(z−s1 , z−s2 , · · · , z−sn ). (17)
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Multiply both sides of the tensor-change rate equation
equation by this square matrix, and use the function of
the ith element of zp,si to the structure’s tensor rate, and
use za,sj ,zv,sj and zx,sj to denote the acceleraten, velocity,
and displacement of the jth element to the structure. The
rate of change of the tensor, then we can get

{zp,si } =
[
Mα
ij

] {
za,sj

}
+[Cij ]

{
zv,sj

}
+[Kij ]

{
zx,sj

}
+{λi} ,

(18)
where {λi} is a column vector with all 1 elements. This
is the first kind of dynamic tensor-change rate equation
for mechanical design.

Derivation of dynamic tensor-change rate equation of
the second kind for mechanical design. Assuming that if
the functional force can be described as

F pk = Γp ·
∫
τ

σpdτ · pk, (19)

where Γp is the density of the physical quantity environ-
ment, σp is the density of the physical quantity, and pk
is the direction unit vector of the force.

Consider that the dot product of the physical quantity
vector field θk and the unit vector field lk is equal to
the derivative of the physical quantity mass to the area
equal to the product of the physical quantity density σ
and the effective thickness δ. Here, a closed surface A
is constructed with the unit vector field as the normal
vector, and the volume inside the closed surface A is τ ,
namely:

σδ = σ
dτ

dA
=

d
∫
τ
θk,kdτ

dA
=

d
∮
A
θklkdA

dA
= θklk. (20)

Therefore, the structural force can be expressed as

F sk lk =

∮
A

σkαlkdAα =

∫
τ

σkα,αkδdτ = σs
∫
τ

δdτ = Γsσsτ,

(21)
where Γs is the geometric density of the thickness (which
can be non-uniform), which can be expressed as

Γs =

∫
τ
δdτ

τ
. (22)

At this time, after decomposing the basic equation of
dynamics according to the principle of vector decompo-
sition, it can be transformed into

{Γpi z
p
i } − {Γ

s
i z
s
i } = [δij ] {ẍj}+

[
Cmij
]
{ẋj}+

[
Km
ij

]
{xj} .

(23)
This is the second type of kinetics tensor-change rate
equation for component-level mechanical design.

When facing the whole machine, the machine is di-
vided into functional parts consisting of units numbered
1,...,np, structural parts and additional parts consisting
of units numbered np+1,...,np + ns, and it is composed
of units numbered np + ns+1,...,np + ns + n0. The func-
tional components can be further divided into functional
input components. Number 1,...,np1; function transmis-
sion part, number np1+1,...,np1 + np2; and function out-
put part, number np1 +np2+1,...,np. For the convenience

of mathematical derivation, it is assumed here that the
structural components only act on the functional trans-
mission components.

Considering np1 functional input components, the first
input functional unit, as a functional input compo-
nent, receives the combined action of functional force
(F pk )

1
and structural force (F sk )1 to generate inertial

force m1(ẍk)1 , damping force C1j (ẋk)j and elastic force

K1j (xk)j . Among them, the damping force and elastic
force satisfy Einstein’s summation rule, then the basic
dynamic equation satisfied by the first input functional
unit can be expressed as

(F pk )
1
− (F sk )1 = m1(ẍk)1 + C1j (ẋk)j +K1j (xk)j .

(24)
By analogy, the basic dynamic equations of all func-

tional input components from 2 to np1 can be obtained

(F pk )
i
− (F sk )i = mi(ẍk)i + Cij (ẋk)j +Kij (xk)j .

(25)
By superimposing the above equations, we can get

np1∑
i=1

(
(F pk )

i
− (F sk )i

)
=

np1∑
i=1

(
mi(ẍk)i + Cij (ẋk)j +Kij (xk)j

)
.

(26)
In the same way, considering np2 function transmis-

sion components, the functional transmission unit, as
a function transmission component, is affected by the

structural reaction force
np1∑
i=1

(F sk )i of the functional in-

put component, the reaction force −
np+ns∑
i=np+1

(F sk )i of

the structural component and the structural reaction

force −
np∑

i=np1+np2+1

(F sk )i of the functional output com-

ponent, resulting in an inertial force
np1+np2∑
i=np+1

(mi(ẍk)i)

,damping force
np1+np2∑
i=np+1

(
Cij (ẋk)j

)
and elastic force

np1+np2∑
i=np+1

(
Kij (xk)j

)
. Then the basic dynamic equation of

the functional transmission component can be expressed
as

np1∑
i=1

(F sk )i −
np+ns∑
i=np+1

(F sk )i −
np1+np2+np3∑
i=np1+np2+1

(F sk )i =

np1+np2∑
i=np1+1

(
mi(ẍk)i + Cij (ẋk)j +Kij (xk)j

)
.

(27)

For the np3 functional output components, the func-
tional output unit as the functional output component is

affected by the structural reaction force
np1+np2+np3∑
i=np1+np2+1

(F sk )i

of the functional transmission component, and the out-
put functional force, inertia force, damping force are
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−
np1+np2+np3∑
i=np1+np2+1

(F pk )
i
,
np1+np2+np3∑
i=np1+np2+1

(mi(ẍk)i),

np1+np2+np3∑
i=np1+np2+1

(
Cij (ẋk)j

)
,and elastic force

np1+np2+np3∑
i=np1+np2+1

(
Kij (xk)j

)
respectively. The index j

of damping force and elastic force satisfies Einstein’s
summation rule, then the basic dynamic equation of the
functional output component can be expressed as

np1+np2+np3∑
i=np1+np2+1

(
(F sk )i − (F pk )

i

)
=

np1+np2+np3∑
i=np1+np2+1

(
mi(ẍk)i + Cij (ẋk)j +Kij (xk)j

)
.

(28)

In summary, the basic dynamic equations satisfied by
the np functional components are:

np1∑
i=1

(F pk )
i
−

np+ns∑
i=np+1

(F sk )i −
np∑

i=np1+np2+1

(F pk )
i

=

np∑
i=1

(
mi(ẍk)i + Cij (ẋk)j +Kij (xk)j

)
.

(29)

np = np1 +np2 +np3,considering the self-contained sys-
tem of ns structural parts, it can be considered that the
structural parts satisfy the basic equations of dynamics

np+ns∑
i=np+1

(F sk )i =

np+ns∑
i=np+1

(
mi(ẍk)i + Cij (ẋk)j +Kij (xk)j

)
.

(30)
In the same way,n0 additional parts form a self-

contained system, so it can be considered that the ad-
ditional parts satisfy the basic equations of dynamics

n∑
i=np+ns+1

(
mi(ẍk)i + Cij (ẋk)j +Kij (xk)j

)
= 0. (31)

For the whole machine, the machine composed of n
units satisfies the basic equation of dynamics, and the
functional force and structural force of the whole machine
can be expressed as

Pk =

np1∑
i=1

(F pk )
i
−

np∑
i=np1+np2+1

(F pk )
i
, (32)

Sk =

np1∑
i=1

(F sk )i −
np+ns∑
i=np+1

(F sk )i −
n∑

i=np1+np2+1

(F sk )i .

(33)
It can be obtained that for the whole machine, the

basic equation of dynamics is

Pk =

n∑
i=1

(
mi(ẍk)i + Cij (ẋk)j +Kij (xk)j

)
. (34)

For important transfer functional components, that is,
the basic equation of functional transfer kinetics is

Sk =

np1+np2∑
i=np1+1

(
mi(ẍk)i + Cij (ẋk)j +Kij (xk)j

)
.

(35)
Considering that for a quasi-single function machine,

according to the first kind of dynamic tensor-change rate
equation of mechanical design, if the whole machine has
the same dynamic function, so

ẍk ≈ (ẍk)1 ≈ (ẍk)2 ≈ ... ≈ (ẍk)i ≈ ... ≈ (ẍk)n . (36)

When ignoring damping and elastic effects, the basic
dynamic equation can be written as

Pk = Mẍk. (37)

This is the common second law of dynamics. When ig-
noring the dynamic effect and the elastic effect, the basic
dynamic equation is:

Pk =

n∑
i=1

(
Cij (ẋk)j

)
. (38)

This situation is commonly used in the field of deceler-
aten. When ignoring the damping effect and the dynamic
effect, the basic dynamic equation is

Pk =

n∑
i=1

(
Kij (xk)j

)
. (39)

This situation is commonly used in the field of plate
machinery.

Since the first case has a wide range of applications, the
basic equations of kinetics are discussed in detail here.

Pk = Mẍk. (40)

As mentioned earlier, the functional force can be ex-
pressed in the basic tensor-change rate equation of the
second type of dynamic in mechanical design as

Pk = Γp ·
∫
τ

σpdτ · pk. (41)

When the functional density distribution is uniform,
the functional force can be expressed as

Pk = Γpσpτpk. (42)

Substituting it into the kinetic equation, we get

Γpzppk = ẍk. (43)

This is the second type of dynamic tensor-change rate
equation for complete machine design, which reveals the
relationship between functional force and function.
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