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Abstract. Research and application of rapid assembly technology can widely improve the design
efficiency of helicopter transmissions. An assembly model of helicopter transmissions is presented by
introducing Geomeir Constraint Graph (GCG) method. A hierarchical model is obtained by-shuiitik
decomposition. A corresponding data structure is generated according to the hierarchical model. CATIA
based a parametric component database is built up. The Assembly ngpdeftivare is implemented by

using VB. Finally, a helicopter transmissions example is taken as application and the rapid assembly for
helicopter transmission system is achieved.

1 Introduction Compared with traditional CAD assembly
technology, virtual assembly technology has become the
Modern helicopter has developed into a high focus of research at home and abroad. Virtual assembly
performance airaft with heavy load, lowveight low is to complete the assembly model of the designed parts
noise, new technology, new materials, new equipmenton the CADsystem and assemble different parts into a
and advanced electronic equipment. The research ofjeneral assembly, its basic function is to define the
helicopter transmission system focuses on two aspectsrelative position relationship between different parts
transmissiorsystem component and transmission systemthrough assembly constraints. After the assembly is
configuration. Through component research to reduce completed, the spatial structure analysis and dymami
the weight of the transmission systéfnimprove the interference inspection between the parts are carried out
carrying capacity and enhance gear transmissionto find the unreasonable parts design, so as to improve
performance [1]The purpose of configuration research the design and complete the thdimensional model
is to develop a new type of gear transmission system,design of the assembly. Boeing used virtual assembly
transmission system layout and its rapid asseihedygn technology to design and build artvial prototype of a
[2-3]. Configuration desigrsia design method based on Boeing 777 with more than three million parts, allowing
the arrangement and combination of predefined designers to walk through the virtual plane. Designers
components and parts. The configuration of helicoptercan call out anyone part which they want, and view and
transmission system directly affects the transmissionmodify designg4]. Abe [5] designed and developed a
form and transmission scheme and it is an important pariset of visual sstem for the assembly problem of
of the scheme degn stage. The design process is as mechanical parts, in the virtual environment, it supported
follows: in a set of predefined components or parts, andesigners to conduct assembly analysis and performance
assembly or combination that satisfies a series ofevaluation, new employees can systematic operation
requirements and follow a series of constraints is sought.training when assembling machines, which greatly
Assembly design is a crucial link in theelitycle of improvesthe efficiency. Wu [6aimed at the problem of
helicopter transmissionssystem design, the earlier the product model expression in the field of virtual assembly,
assembly problem is considered, the more obvious theput forward the assembly model compound expression
cost, quality and time effect will be. In a broad sense, method based on process. Gao [7] proposed a method
assembly process is the spatial embodiment ofbased on the degree of freedom reduction to weind
configuration design process. Thapid assembly of the constraint analysis. On the basis of identifying and
helicopter transmission system is conducive to the rapidunderstandingthe designés assembly intention and
verification of the transmission system configuration, the operation, the assembly constraint diagram of tree
analysis of its spatiastructureand interference status, structure was established based on the assembly
and the improvement of the design efficiency of the relationship, and the positioning and navigatioh
helicopter transmission system configuration. assembly in the virtual environment was realized
through the analysis of spatial geometry.
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In this paper, aiming at the problem of rapid constraints, distance constraints, vertical constraints,
assembly of helicoptertransmissions system with paralel constraints; A is the value of geometric
complex spatial relations, a transmissions assemblyconstraint parameters, such as distance value, angle
model based ongeometric constraint diagram was value etc.
proposed, and a layered data structure including (2)Let GCG=(V, E), GCG represents the geometric
assembly constraint relation and assembly model wasconstraint diagram of the assembly model of the
constructed, the assembly modeling of helicopter transmission system; V is the vertex in GCG &nd X,
transmissions system was developed based on CATIA. each vertex represents a geometry entity, a part of

transmission system; E is the side of GCG ard €,
each side boundary represents a set of geometric
constraints.

Fig. 1 is a configuration diagram of a certain type of
helicopter transmission dgsn, including the main
reducer,intermediate reducer and tail reducer. The main
educer is divided into three levels of transmission, the
irst stage is the input level, which is reversing
deceleration by the spiral bevel gear. The second stage is

2 GCG based assembly model

The assembly model of transmissions system is a
complex geometric constraint system, which organically
combines various parts with certain assembly constraint
relations. Because the helicopter transmission system ha
many parts and complex structuréhe constraint
relationship between the parts or components in the ; L ;
asembly rFr)10deI is very ccr))mplex. An id%al assembly the paallel drive, Whlch is delcelerated by the spiral
model system should be consistent in expression,bevel gears. The third stage is planetary gear reducer

maintenance and solution, so it is hecessary to establislt{]ansm'ss'on’ the ”“”?be.f of plangtary Wh?d is traed,
an effective assembly model epsion method for the total reduction ratio is 81IThe intermediate reducer

helicopter transmission system. |s_|nstalled on 'the bas'e of the imdd beam, and is
driven by a pair of spiral bevel gears to transfer the

torque of the main transmission device to the tail reducer

2.1 Geometric Constraint Graph (GCG) and change the direction of transmission. The angle of

. L shaft intersection is about 58 input speed is 4117r/min,
GCG method is the combination of graph theory and and outputspeed is 3319r/min. The tail reducer is

computer geometry8-10]. The modeling of geometric installed on top of the inclined beam and is driven by a

constraint system based on .GCG. _method can d'.rECtlypair of spiral bevel gears to reverse reduction. The angle
manage and exess geometric entities and associated

geometric constraints in two or three dimensional space,Of shaft_ Intersection Is ab_out 105, _mput speed is
it has the characteristics of good expansion of geometric3319"/min.and outpuSpeﬁgiJfoiggor/m|n.
space and interpretability of geometry. '
Taking a typical helicopter transmission system as an
example the process of recursion from its relational
model to layered model is researched, and the assembl
model of helicopter transmission system is further
illustrated. The hierarchical model of transmission Firstbevel

. . ) gears
system is consistent with the layered structurprofiuct

I n I i ™
|- + #

- 1
Planetary gear train

Parallel bevel
gears

assembly model in CAD system, this is beneficial to the reducer )

modeling of assembly model in CAD system. At the Engine 1 Engine 2
same time with the help of the CAD system assembly ;"_"‘!—H Tail

design module function, complete the assembly of the reducer rotor

transmission system. This prowdes the d|rect|9n andFig. 1. A helicopter transmissions configuration
foundation for the automatic assembly of helicopter According to the composition of helicopter

transmission system in the scheme design phase.  yransmission systenGCG is introduced to express the
Applying the structure of graph to express GCG is assembly model of the transmission syskeas shown

not only clear and straightforward, but also has goodin Fig. 2. There are two kinds of nodes in the GQfE

stab|I_|ty and .h.'gh .eff|C|ency of graph:orrglaﬂon first type of rounded corner and square node represents

algorithm, so it is widelyused 11-12]. The helicopter arametric part€ such as sun wheeplanet wheel

transmissions system is abstractly expressed as GCG, b L Ansmissin pshaft and each part contains mo deiing

analyzing the GCG, forming a separable and solvable
yzing 9 b parameters. The second rectangular node represents the

sub-problem, and the solving strategy of guimblem ]
can be properly combinesvhich can effectively solve assembly constraint set between parts or components, for
xample, C1 represents the assembly constraint set

the assembly constraints of system.The established GC ) h heel and the plant wheel
is the relationship model of helicopter transmissions etween the sun wheel and e piant wheel. -
The sedbn encircle by the dotted line in Fi@

assembly. The mathematical expression of transmission .
system assembly model and GCG is as follows represents the nodes to be condensed and aggregated in

(1) Let S= (X, C, A), S represent a transmission SCI:G c;orrtespond_lng to thehbaslcr:] colmpotnents In tth‘.a
assembly model; X is collection of parametric parts, elicopter transmissions such as the planetary gear train.

such as the sun wheel, planet wheel and other parts; C i€ Compo”e”t IS an as_sembly unit tha_t rgahzesrmn:e
a collection of geometric constraints, such as angle unction or multifunction of a transmission system, a
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component can be composed of multiple parts or a singlegear transmission, spiral bevgéar pair, transmission
part. The transmission system contains the following shaft and other components.

basic comonents: planetary gear train, parallel bevel

Planet
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Fig.2. The GCG of the helicopter transmissions
2.2 Components condensed of GCG

Through the recursive assembly method, the componen

t
are condensed into a node, which changes the constrai% ; ) .
f evel gear pair and the outside remain unchanged, and

distribution of the transmission and the assembly scale o
the assembly system is also reduced. The constraints i
the components such as planetary wheel become intern
constraints and are separated from other external
constraints, which is also the decompaositprocess of
geometric constraint systerfudos and Bounja3-15]
introduce the concept of cluster into GCf&ey solved
the problems of geometric constraints by grbpked
construction method. In essence, the component i
regarded as a group of parts ¢dus if the remaining
degrees of freedom in the part cluster are zero, th
cluster is rigid,that is rigid body, if it is not zero, it is a
pseudecluster, in the pseudduster the rotational

degrees of freedom around its axis of symmetry do not

affect the assemblyof the transmission system. The
shrinkng process of the basic components is called the

™y

al

S

e

first shrinkng of the transmission systenkig. 3(a)
indicatethe GCG by first shrink.

In the process of thdirst shrink the constraints
etween planetargear train, bevel gear parallel drive,

IIlhe constraints between the original parts become
ipternal constraints. C1, C2 and C3 become internal
Iconstraints of planetary gear trains. C6, C7 and C8
become mternal constraints of parallel drive, C15 and
C11 become internal constraints of left bevel gear pair
and right bevel gear pair, respectively, and C18, C21 and
C24 become internal constraints of tail transmission
bevel gear pair, midubtraction bevel gegair and tai
subtraction bevel gear pair in turn. After the first shrink
of the transmission system, a new cluster of parts forms
a new node to replace, for example, the planetary gear
train becomes the planetary gear train node.

Fig. 3©) shows the semdary shrinking of the
transmission systenit can depend on the transmission
shaft forshrinking such as the rotor shaft, planetary gear
train, tail transmission bevel gear pair and parallel bevel
gear drive shrink into the rotor shaft system, etc.
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(a) The GCG by firsshrink
Fig. 3. The two shrink and aggregation process of the GCG

(b) The GCG- by-second shrink
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transmission system is divided into four layers finst
layer is the overall layer, which represents the general
assembly of the helicopter transmission system; the
The |ayered model of theransmission System can be second Iayer is the Shafting |ayer, which is the result of
obtained from the process of the first shrinking to the the second shrinking, and the sagsembly built with
second shrinking of the transmission system. Thereforethe transmission shaft afe core, such as the rotor
the assembly of &elicoptertransmission system needs Shafting and the tail transmission shafting; the third layer
to be realized through its layered model, which is the IS the component layer, which is the result of the first
resultof GCG shrinking operation. Essentially, it is the Shrinking and expresses the basic components; the fourth
inevitable result of decomposition of geometric layer is the part layer, It is the basis of basic ponents.
constraint system. Fig. 4 is a layered model of helicopter

transmission system. The layered model of the

2.3 Layered model of transmission system
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Fig. 4. The layered model of the helicopter transmissions

layered structure of assembly model and material
attribute. The detailare as follows
3 Data structure of assembly model (1) Ass (Assembly
Name the name of assembly
ID: unique identification of the assembly
Context:the ID number contains shaft system
Pointer: the constraint pointer point to shaft
system
(2) SS(Shaft systemp

In the helicopter transmission system assembly model
nodes are relativelindependenassembly unitssuch as
shafting, components and parts. Tloela is taken as an
object, the attribute element of the object is defined, and
the correspondingdata structure is obtainedData
structure should include assembly constraint relation,
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Name:the name of shaft syste Assemble Data
ID: unique identification of the shaft system model structure
Context:the ID number contains component ]
Pointer: the constraint pointer point to Assembly

component input file

(3) Com(Component 12

Name:the name of component VB assembly
ID: unique identification of the component main interface

Context:the ID numbe contains part 4—‘—;

Pointer:the constraint pointer point to part Component CATIA API
(4) Par(Par) library function
Name:the name of part
ID: unique identification of the part
Parameterpart parameters 3D preassembly mode) .. | Designe
Material: material properties of parts of transmission systefn
(5) Con(Constrain} i

Name:the name of constraint

Type:the type of constraint

ID: unique identification of the part constraint

Value: constraint value Fig. 5. The rapid assembly software process

Assemblyis the top node, it is expressed as the total ~ According to the software flow framework of the

assembly of the transmission system of the helicoptertransmissin system rapid assembly, the bottam
contains Name|D, Context and Pointer, the inter parametric assembly modeling design mode is adopted,
describes assembly constraint information between theand the secondary development of CATIA is carried out
next layer. Shaft System refers to the-agbembly after  based on VB. The developed rapid assembly software
the second shrinking, such as rotor shaft systetm, can automatically generate the thomensional
Shaft system thatlependon shafts are used as sub assemblyof the transmission system by reading the basic
assembly. In fact, during thecd shrinking, designers parameters of the components and the position
can specify partitioning shaft system interactively, but be parameters of the parts in the CATIA environment
careful that the components that connect each other araccording to the parametric data of the configuration
composed. Components are the basic units that make upesults of the helicopter transmission system. The model
transmission system, component can be a part or dsshown in Fig®6.
combinatian of several parts to achieve a certain function, [E3sEss
in interactive assembly, components in the componentj
library can be directly called for combinational design
Part is the most basimit; it is the basis of componemnt
Constraint  corresponding to CATIA sambly |
constraints we can judge constraint type by specifying
the constraint ID and discerning ID. '

Transmission
assembly scheme

4 Realization of Rapid Assembly

To apply the aforementioned assembly technology and
method, a software flow for rapid assembly of helicopter o
transmission sstem is constructed, as shown in Fig. 5. Fig. 6. Assembly 3D model of the helicopteansmissions
According to the layered model and data structure of
helicopter transmission system, the corresponding
assembly input filescan be designed. Based on the

secondary development of CATIA by VB, the

corresponding intéace was customized, the assembly
input file was driven by program, and the corresponding

5 Conclusion

In this paper, geometric constraint graph is introduced to
express the assembly model of helicopter transmission

assembly information was obtained. including oro ert.essystem. Through the development of a helicopter
! lon w IN€d, INClUdINg Properies o s mission system as an application example, it is

of modeling parameters, assembly constraints amon roved that the assembly model of helicopter

components anq material. Fmglly, the component IIt.)rarytransmission system based on geometric constraint graph
and CATIA API interface function are called to realize is an effective expression method, which can well
the' output of the t_hrgdlmensmnal assgmk?ly model of a achieve the consistency of expression, maintenance and
helicopter transmission system. At this time, the model solution. Combining with the assembly design function

established is a pr@ssembly model, which needs to be :
X i L of CAD system, the layered model is corresponded to the
é?b{ﬁf?‘l and rEOd'f'ed b%’ dthte t?]esgrlgrtl)we fotrmfed feature tree of CAD system. Through parametric
lie can be connected 1o the database to form amodeling and secondary development of CATIA, the

scheme, which is convenient for users to call and modify.
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rapid assembly of thre#imensional model of heliger
transmissiorsystemdriven by program is realized.
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