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Research on Mechanics Symmetry Ontology

MA ZhiYong, FENG PeiEn, ZHANG Jian, ZENG LingBin

Abstract—On the basis of the specific existence of
symmetry in mechanical systems, its existence and functions
were analyzed. Based on the above, a framework of
mechanics symmetry ontology was established. The
definitions and descriptions of the concepts in mechanics
symmetry were presented and then the descriptions of the
relationships between the elements in mechanics symmetry
ontology in the definition range were proposed. Finally, its
research prospect was put forward.

Index Terms—symmetry, ontology, mechanics symmetry,
ontology elements.

1. INTRODUCTION

There are many kinds of specific existences of
symmetry in natural phenomena and artificial systems:
such as petal, snowflake and crystal in the former, and
building, auto and plane in the latter. The research on
symmetry was conducted in many fields, such as
aesthetics!", mathematics!?/F14I3] biology[61[7][8],
physics®% and so on. Especially in physics, deep and
systematic research on symmetry has been carried out,
which has achieved a lot!' 112031 1 different fields,
symmetry all plays a crucial role. In biology, the
development of biologic symmetry, to some extent,
embodies the direction and rule of biologic evolution. In
physics, symmetry theory guides the advancement of
physical research, and it is an important method in the
research of macroscopic and microcosmic physics!' 12131,
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In mechanics, symmetry develops with the
development of mechanical system, and symmetry exists
in almost all mechanical systems. Symmetry plays an
important role in mechanical system, and therefore deep
and systemic research on mechanics symmetry (MS) and
the establishment of its theory system can guide the design
process of mechanical products, benefit innovative design,
and improve the efficiency of product design. But
currently systematic research on MS is still a suspending
problem. Research on symmetry’s application in
mechanics can only be referred in Barrenscheen’s
dissertation (German, 1990) 114,

There are many kinds of different idiographic
existences of symmetry in mechanical system, among
these existences, difference as well as relationship coexists
and so do the commonness and isomerism. Ontology will
benefit to the exploration of research on commonness of
MS. In this paper, based on the former research, referring
to the platforms of biology symmetry ontology, physics
symmetry ontology and common symmetry ontology '),
combining the examples of MS, a framework of MS
ontology was established; this paper provides a basic
platform for subsequent research on MS.

In this paper, MS is defined as follow:

Definition 1: MS means an ordered repeating of
some element in a mechanical system, which describes the
similar rules of this mechanical system. MS exists in four
levels of a mechanical system, namely function level,
principle level, structure level and process level. MS
ontology is defined as S,=<Cy,, CAn, Em, EAm, R,
where C,, - MS concept set, CAp -MS concepts’ attribute
set, En-MS example set, EA,—MS examples’ attribute set,
R — MS relationship set.

II. MS CONCEPT SET C,,

MS concept set Cy=<Cs, Cpo, C, Cpi, is a hierarchical
concept system, including structure symmetry Cs, process
symmetry Cpo, function symmetry C¢ and principle
symmetry Cp;, as figure 1.
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Figure 1: elements and hierarchical levels of mechanics symmetry ontology

Definition 2: If a mechanical system has two or
more identical parts in geometric structure, and these parts
are arranged orderly according to some rule or regulation,
then the mechanical system has structure symmetry.
Structure symmetry C; =<Cgp, Csc>, Where Cs- basic
structure symmetry Csp=< Cstr, Csro, Csmi, Cssc>, COmbination
structure symmetry Csc=<Csrtr, Csgl> Csres Csrmis Csrres Csstr> Cssros
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Cssmi» Cssgls Cssre, Cssrt™>. Combination structure symmetry is
composed of basic structure symmetries. The sketch map
of structure symmetries is showed in table 1.

Figure 2 is an example having mirror symmetry,
figure 3 is an example having scaling-translation
symmetry.
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Figure 2: mirror symmetry structure!'®

]

Table 1: sketch ma

p of structure symmetries

Figure 3:scaling-translation symmetry structure

[18]

symmetry |sketch map description symmetry |sketch map description
translation Ib Translate with scaling- A the locations of
symmetry F Trzr r J |equal inter\_/ al d. translation ol /“,, symmetry elements
Cur = + |along the direction symmetry - S arranged as
of vector b
Csstr translation
symmetry, the sizes
change regularly
rotation S rotate along the  |scaling- et the locations of
symmetry S \\\\ axis vertical to rotation symmetry elements
Csro : . rotating plane symmetry X are arranged as
/ with angle a Cssro ) rotation symmetry,
e R & the sizes change
regularly
mirror mirror operation |scaling- z the locations of
symmetry can be processed |mirror e symmetry elements
Comi in two- symmetry F T are arranged as
dimensional plane |Cggmi - ’ mirror symmetry,
and also in three- the sizes change
dimensional space regualrly
rotation- 5 Rotate along axis |scaling-ro- the locations of
translation i a,l | a which is vertical |translation symmetry elements
symmetry ,Eé‘ ééz‘ to rotating plane |symmetry arranged as
Csrtr Ef—j E;I;: and then translate |Cggt rotation- translation
1522 along the direction symmetry, the sizes
parallel to axis a. changed orderly
glide A the direction of  |scaling- the locations of
symmetry I I / : mirror and the glide symmetry elements
Csgl I;ﬂc L L direction of symmetry are arranged as
translation are Cssgl glide symmetry, the
vertical mutually sizes change
regularly
reversal reversal symmetry |scaling- the locations of
symmetry can be regarded as |reversal symmetry elements
Csre combination of  |symmetry are arranged as
mirror symmetry |Csgre reversal symmetry,
and rotation the sizes change
symmetry regularly
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rotation- 3 a Rotate along axis
mirror Pei--3 a and then carry
symmetry —7y out mirror
Csrmi = iy operation by
) b1 taking xy plane as
datum plane

rotation- Rotate along axis a

A a

reversal and then carry out

symmetry reversal operation

Csrre by taking xy plane
as datum plane

Definition 3: If a mechanical system has one or more
parts that have orderly time-changing process, then this
mechanical system has process symmetry.

Process symmetry Cpo=< Cpos, Cpom™> Where: Cpos -
single process symmetry, Cpos=<Cposp, Cposs™> Cposp-Space
movement process symmetry, the symmetry of space
movement, Cposs-State process symmetry, the symmetry of
transformation of materiel, energy or information; Cpom -
multi-process symmetry, Cpom=<Cpomt> Cpomz, Cpomi=>, there
exists three relationship, namely translation, zoom and
inversion, between multiple symmetry process.

For the crank-slider linkage in Figure 4, when crank
AB moves at uniform speed, both the moving tracks of
crank and slider are regular time-changing functions. The
moving process of crank AB is a rotating symmetric circle
track while the one of slider C is a reciprocating linear
moving process. Therefore this mechanism has single
moving process symmetry.

For the double-crank-slider in figure 5, the moving
processes of crank AB and crank CD have identical time-
changing law, so this mechanism has multi-process
symmetry.

Figure 5: double-crank-slider

Definition 4: If a mechanical system has two or
more functions and these functions can exchange, and the
exchanges do not influence the realization of the function

ISBN:978-988-17012-3-7

requirement of this system, then this mechanical system
has function symmetry.

Function symmetry C=<Csy, Cte>, Where Ctgy-
disassembly function symmetry, Cqg=<Ctqc, Cfds, Cfdcs> Cfdscs
Cqr>, the disassembly types of function disassembly are
showed in table 2; Cg -exchange function symmetry,
Cre=<Cfes, Cted™-

Figure 6 is the schematic diagram of the wheel fixing
bolt. This mechanism has parallel disassembly function
symmetry Cqc. The five fixing bolts on wheel has the same
function and co-work to implement the function of fixing
wheel. If one of them doesn’t work, the others can work
normally, which is parallel function disassembly design.

Figure 7 is the schematic diagram of a single
universal joint. This mechanism has exchange function
symmetry. The driving shaft and driven shaft of the joint
are two components with identical functions and they can
exchange. However, each of them is indispensable, and
they must mutually cooperate to implement the universal
joint transmission.

Figure 6: a wheel fixing bolt

{0171

Figure 7: a single universal join
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Definition 5: If a mechanical system has two or
more principles and these principles can exchange, and
these exchanges do not influence the realization of the
principle requirement of the system, then this mechanical
system has principle symmetry.

Principle symmetry Cpi=< Cpid, Cpie™>. Where Cpig -
disassembly principle symmetry, Cpig=<Cpidc, Cpids» Cpidcss
Cpidsc» Cpiar™, the disassembly types of principle
disassembly are showed in table 2; Cpe-exchange principle
symmetry, Cpie=<Cpies, Cpied™-

For the example in figure 8, to make the jamming
plate 3 keep the direction of AB, this mechanism utilizes
two symmetric springs to hold the two sides of jamming

plate 3 and these two springs cooperate to realize the
function requirement. The structure, function and principle
of these two springs are all the same. Therefore, the two
springs and jamming plate have mirror symmetry in
structure, function symmetry in function and principle
symmetry in principle.

3 2

A 7 B

Figure 8: a structure having multi-level symmetry!'”!

Table 2: sketch map of the style of decomposability

L. seriation-
concurrent seriation .
. . concurren
disassembly disassembly .
disassembly

concurrent-seriation reticulation
disassembly disassembly

o= 127 | e

o ooh | 122k

III. MS CONCEPTS’ ATTRIBUTE SET CA,,

MS concepts’ attribute set contains all the attributes of
all the elements in MS concept set, CAy=<Camp, Cap, Cao,
Cagn, Caax, CAmt, Can, Cagf, Cagp, Cads, Cag, Cah, Cap, CaF>. In
this set: camp _— main body of MS; ca,__level of MS,
including four levels: function level, principle level,
structure level and process level. ca, _ symmetric
operation of MS, symmetric operation connected with
symmetry closely, every symmetry corresponds to a
symmetric operation; Caqn_ dimensionality of symmetric
structure; Ca,x —Symmetric axis or symmetric plane of one
symmetric structure; Cam;— mathematical description of
symmetry; ca, _ sum of elements of MS; cays_similarities
and differences of elements’ functions of MS. caq, —

similarities and differences of elements’ principle of MS.
cags —similarities and differences of elements’ structure of
MS. ca, _combinability of MS, including common
combinative symmetries and non-combinative symmetries;
cag — theory of symmetry design; ca, _ principle of
symmetry design; cas_ function of mechanics symmetry,
in a high level, the function can be divided into three types:
economic function, technical function and social function.
MS concepts’ attribute set CAp, has many elements,

the attribute elements of each element of MS concept set
C are a subset of CAp,. Taking mirror symmetry Cym; as
an example, the attribute CAmcsmi) 0f Comi is showed in
table 3.

Table 3: the attribute CAmcsmiy Of Csmi

Camp Cayp Ca, Cagn Calax Camt |ca,| Cags ca, Cayn, Cayp, Cay
two- symmetric axis is |Xo=-X| it can be

structure mirror |dimensional |y axis Y2=Y1 combined

of structur . ith G
CAnm(esmi) . operati ) X)=-X; |2 [same with Cstr,

mechanis |e level three- symmetric plane

on . . . Y2=Y1 Csro, Cssc
m dimensional [is y-z plane .
Z)=71 and so on
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IV. MS EXAMPLE SETE,,
MS example set E, includes all mechanical systems

and elements having symmetry. The elements of E,, could
be some large and complicated mechanical systems, such
as plane, auto, and engineering machine etc., and could
also be some small and simple standardized parts and
components, such as bolt, nut, and spring etc.
Corresponding to MS concept set Cp,, Epy is also a
hierarchical system. Figure 9 is a symmetric example- an

oriented mechanism, marked as Eqp,.

Figure 9: an oriented mechanism!'*)

Table 4: the attributes matrix of Eqp,

oa €amp eay ea, ea, |eagr [eAgp |€Ags |€dc eayn |ea, |ear
t
1. . .
. sector gear 4, reticulati
disassembly |.. )
. link 1 and functio |on
function ) 2  |same |— — —
) sector gear 5,|n level |disassem
symme .
4 Y link 2 bly
Cd
2. . .
. sector gear 4, reticulati
disassembly | . L
o link 1 and  |principl |on
principle . 2 | same |— —
; sector gear 5,|e level |disassem
symme .
VI Nink 2 bly
Cpid
the four .
. the rotation
symmetries are .
. . symmetric and
. hierarchical, . .
3. rotation . . mirror symmetric
structur |rotation No4 include
symmetry  |gear teeth 12 = — same i structures can
e level |operation No3, Nob6 is
Csro ensure the up-down
composed of . L
reciprocating linear
No3, No4 and . e
motion of point “o
Nos.
4. mirror .
sector gear 4 |structur |mirror
symmetry R i - - -
and 5 e level |operation
Comi
5. mirror .
. structur |mirror
symmetry |[link 1 and 2 2 — = |
e level |operation
Comi
the four )
. the rotation
symmetries are .
. . symmetric and
. sector gear 4, hierarchical, . .
6. mirror . . . mirror symmetric
link 1 and  |[structur |mirror No4 include
symmetry . 2 I - same . structures can
sector gear 5,|e level |operation No3, Nob6 is
Csmi . ensure the up-down
link 2 composed of . . .
reciprocating linear
No3, No4 and . e
motion of point “o
Nos.
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V. MS EXAMPLES’ ATTRIBUTE SET EA,,

MS examples’ attribute set EAp, is the description of
MS example set En,. EAp, can be described by a two-
dimensional matrix: the row element is the symmetry type
of MS example eay; the column elements include {ean,
eay, ea,, an, €aqf, €aqp, Eads, €8, €ath, €3y, €35}, Where:
€amp — main body of symmetry, ea, _ symmetry level,
including four levels: function level, principle level,
structure level and process level, ea, _ symmetric
operation, different for different main body, ea, _ sum of
symmetric elements, eaq¢_similarities and differences of
elements’ functions of symmetry examples, €aq, —
similarities and differences of elements’ principle of

symmetry examples, a4s_ similarities and differences of
elements’ structure of symmetry examples, ea,
combinability of example’s symmetry, an complicated
example can have many kinds of symmetry and these
symmetries may be combined with some hierarchical rules,
eag — theory of symmetry design, ea, _ principle of
symmetry design, ea; _ function of mechanics symmetry,
the same to cay, €as and can also be divided into three
types of functions: economic function, technical function
and social function. Taking Eq, as an example, the
attribute matrix of EApgom)is showed in table 4.
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Figure 10: the combinational'relationship between structure symmetry

VI. MS RELATIONSHIP SET R,

MS relationship

set R, describes

the interior

rotation-translation symmetry Cqr is composed ofrotation

symmetry Cgo and translation symmetry Cg, and reversal

relationships and interrelation between the elements of MS
ontology, such as Cp,, CAms, Ens EAm.

——In MS concept set Cp, there are two kinds of
affiliating relationship in the elements in the same class:
“equal to” and “is a”. If concept ¢; and c, are completely
the same, then c; equal to c,, marked as ¢;=c,. If concept
c; is a subclass of ¢, then ¢, is a c,, marked as ¢, cc»,
such as Cpies & Cpie, Cstr & Cs, Csre & Cs,

— —The combinational relationship between structure
symmetry Cs in MS concept set Cp. The elements in
combinational structure symmetry Cs, are composed of the
elements in basic structure symmetry Cy. For instance,

ISBN:978-988-17012-3-7

symmetry Cge is composed by mirror symmetry Csmi and
rotation symmetry Cso. The specific combinational
relationship is showed in figure 10.

—In MS concept set Cp,, there is a relationship called
“mapped” between the elements in different levels. The
elements in function symmetry Cy, principle symmetry Cp;,
structure symmetry C; and process symmetry Cp, have a
multi to multi bidirectional mapped relationship, showed
in figure 11.
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principle symmetry c,; structure symmetry ¢

function symmetry ¢; process symmetry c,,
Figure 11: the mapped relationship between the levels in Cp,
—The elements in MS concepts’ attribute set CA, are EA., are detailed descriptions of the elements in MS
detailed descriptions of the elements in MS concept set C,, ~ example set Em, and the relationship between Em and EAn
and the relationship between C,, and CA, is a multi to is still a multi to multi unidirectional mapped relationship,
multi unidirectional mapped relationship, showed in figure showed in figure 13.

12. Similarly, the elements in MS examples’ attribute set

Mechanics symmetry Mechanltf sym‘metl‘y
concepts’ attribute
concept set C,, set CA
L m

Figure 12: the relationship between Cy,and CA,

Mechanics symmetry
Mechanics symmetry examples’ attribute
example set E, set EA,,

Figure 13: the relationship between Ep, and EA,

—The elements in MS example set Ep, are the unidirectional mapped relationship, showed in figure 14.
instantiation of the elements in MS concept set C, the Similarly, CAm and EAp is also a multi to multi
relationship between C, and Ey, is a multi to multi unidirectional mapped relationship, showed in figure 15.
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Mechanics symmetry Mechanics symmetry
concept set Cp, example set E,

Figure 14: the relationship between Cyand E,

Mechanics symmetry Mechanics symmetry
concepts’ attribute examples’ attribute

Figure 15: the relationship between CAn, and EAR,
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