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Abstract: To collect and share information of projects or products and make it consistent and correct so that the

quality and costs of projects can be effectively controlled, an integrative project architecture integrating different types

of breakdown structures is necessary. In this paper, the international research status on work breakdown structure

(WBS) was analyzed, and an integrative project architecture for commercial aero-engines was designed, where

product breakdown structure (PBS), WBS, organization breakdown structure (OBS) and cost breakdown structure

(CBS) were integrated and built. And the architecture was applied in information systems. A transfer from

technological views of complex products through their lifecycles to management views has been realized with this

standardized architecture, thus development tasks and costs can be controlled.
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0 Introduction

The development of commercial aero-engines
is an extremely complicated system engineering.
With the progress of technology and management in-
struments, the traditional management technology
has met unprecedented challenges. Aiming at the
project management problems encountered in the de-
velopment of aircraft engines, it is necessary to
adopt modern information technology to integrate
the products, work, organization and cost manage-
ment of the project, and establish the integration
project structure. In order to ensure that projects can
be controlled, the projetct integration plan has to be
strictly enforced.

In this paper, a multi-type breakdown structure
integrative application was established through the

integration of product technical information, cost in-
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formation and planning information, in order to
form a multi-business unit identity in the commer-
cial aero-engine development project. It would facili-
tate information sharing and coordinated project

management across multiple business fields.

1 Related Work

Work breakdown structure (WBS) is a work
hierarchical breakdown oriented by deliverables.
The breakdown object is carried out by the project
team to achieve the project objectives and submit
the required deliverables. WBS organizes and de-
fines the entire scope of the project'”. The release
of MIL-HDBK-881A, an acquisition manual of the
U.S. Department of Defense, started the WBS ap-
plication of the national defense and military proj-

[2]

ects'””. WBS is used as a tool to define the scope of

projects by international aviation manufacturers,
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which has also been actively explored in domestic
aircraft development projects .

A comprehensive project-product life cycle
management model is established by combining the
model based system engineering method and the
best practices of project management. Sharon et al.
developed an object-process methodology based on
this model as an approach for planning project-prod-
uct management ensembles' .

Wang et al. studied the standards and guide-
lines of WBS from ESA or NASA space project,
analyzed the development of Chinese aerospace
products, and indicated that such satellite projects
provide guidance for the preparation of WBS""". But
it cannot be denied that WBS is usually arbitrarily
used. Zheng and He et al. indicated that it is difficult
to build the most effective WBS, because of the de-
pendance on subjective experience of managers and
the lack of uniform standards and methods in prepa-
ration of WBS"'"*". This leads to uncontrollable re-
sults in preparation of WBS, and significantly af-
fects development of project plans, cost calculation,
effectiveness of the organization and control of the
project.

In the aviation field, there are mainly two
modes of WBS based on different concepts'”. The
projects represented by Airbus focus on the develop-
ment process of products. The engineering develop-
ment activities are breakdown based on the process
and task division firstly, and then the hierarchical
decomposition is carried out according to the prod-
uct structure. Based on these two steps, WBS of
large aircraft projects is established. The projects
represented by Boeing focus on the delivery and inte-
gration of products. Hierarchical breakdown is set
up according to the product structure, followed by
breaking down according to the development work,
to form a hierarchical system composed of the final
aircraft products, development system, verification
results and other auxiliary products. WBS based on
development process is more suitable for the early
stage of large aircraft development. It is closely com~-

bined with the task division of entity units, and

clearly defines the work interface of design, test,
manufacturing, final assembly and customer ser-
vice. The functional management is relatively
strong, but the characteristics of complex product
system engineering management are insufficient.
WBS based on the product delivery integration puts
more emphasis on the overall integration of prod-
ucts, highlights the project management of strong
matrix, and easily presents the structure and hierar-
chy of products. The final products and auxiliary
products are distinct, and the implementation path
of products is relatively clear.

The above findings raised a number of WBS
construction methods in different areas. But for a
highly complex system such as commercial aero-en-
gines, the uniform standards of WBS have not yet
formed. As a result, the maturity level of domestic
commercial aviation engine WBS is low, and the
project plan and budget control are difficult. More-
over, WBS of international benchmark enterprises
is also closely combined with enterprise product de-
velopment strategy. Therefore it is not a strong
guidance for domestic commercial aero-engine prod-
ucts in the early stage.

At the same time, both Airbus and Boeing
take their own focus on the product development
process as an important reference for WBS, provid-
ing a useful reference for WBS establishment of

commercial aero-engines.

2  Architecture Design of Commer-

cial Aero-engine Integrative

Project

2.1 Challenges of commercial aero-engine inte-

grative project architecture

(1) Product breakdown structure (PBS) :
PBS is the breakdown from the whole engine into
components that cannot be further divided, which is
the breakdown of project entity objects.

(2) WBS: WBS breaks down deliverable proj-
ect and work into smaller and more manageable

components. The main purpose is to provide a struc-
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tured view of what is being delivered.

(3) Organization breakdown structure (OBS) :
OBS is to solve who will be responsible for specific
work packages, assign team units to various project
levels and define responsibilities.

(4) Cost breakdown structure (CBS) : CBS is
to decompose costs into different types suitable for
meeting project control requirements and establish a
connection with WBS.

Each functional department involved in a proj-
ect usually uses its own breakdown structure. For
example, the project management department
adopts WBS and OBS, the engineering design de-
partment uses PBS, the finance department adopts
CBS, and the human resources department uses
OBS.

Under the current integrated product develop-
ment (IPD) mode, an IPD team needs to meet the
requirements for product delivery, project manage-
ment, cost control and personnel responsibility dis-
tribution.

It is one of the major challenges in current com-
mercial aero-engine development process to meet
the requirements of project management, design, fi-
nance and other aspects. For this purpose, we have
to establish link and integrated relationship between
project plan and control strategy in the absence of a
unified method for grouping and organizing project
and product information.

Therefore, it is necessary to carry out an inte-
grative management method in the development of
aero-engines for associating and integrating multiple
breakdown structures, which can be understood and
approved by all functional departments. With this ar-
chitecture, the collection and sharing of business
and technical information related to projects and
products can be achieved, so that information can
be correlated and coordinated, and project plan,

quality and cost can be effectively controlled.

2.2 Architecture design idea of commercial

aero-engine integrative project

WBS of aero-engine product development is di-
vided into general WBS and specific WBS. The gen-

eral WBS mainly breaks down the work according
to categories which need to be performed in the pro-
cesses of design, development, production, test,
forensics and maintenance of aviation product devel-
opment. Many of these activities should be carried
out in accordance with the engine, not assigned to
specific components, such as the design and princi-
ple of certification, technical pre-study, perfor-
mance, noise control, airworthiness, four-perfor-
mance designs, structure test and flight test,
ground support, and technical publications, etc.
The general WBS is not for a specific product, but
a summary of product development work. It is the
experience and practice formed in the development
process of the enterprise. The work of the general
WBS is relatively fixed, which is not closely related
to the specific project management work and is not
the focus of project management.

Project management focus is usually not a gen-
eral WBS. The used WBS is needed to consider
PBS, functional breakdown structure (FBS), etc.,
which is called the specific WBS. Integrative archi-
tecture also refers to such WBS'*.

WBS is represented as work packages at each
level'”. Work packages are project management
tools which are necessary for setting, monitor, and
project control. The key to integrate PBS with
WBS is the way that WBS work packages are asso-
ciated with PBS parts.

The core of the enterprise is the products. So
the integrative architecture inevitably takes PBS as
the core. WBS, CBS should be the assistant work
of the PBS.

PBS is a hierarchical breakdown structure of
products, such as hardware items, software items,
and information items, used in the breakdown pro-
cess of product logic and function. PBS is closely re-
lated to WBS, which inevitably includes PBS. As-
sociating WBS with PBS through WBS work pack-
ages 1s to associate project management objects with
product design objects for achieving the purpose of
product integrative architecture.

According to the actual situation of commercial
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aero-engine development, the design of project inte-
grative architecture should meet the following re-
quirements, as shown in Fig.1.

(1) Realize the integration of PBS and WBS,
and project managers can refer to or call PBS infor-
mation during WBS of project.

(2) Realize the integration of WBS and OBS,

and project managers can directly refer to or call ap-
propriate matrix integrated product team (IPT)
members when allocating human resources for WBS
nodes.

(3) Realize the integration of WBS and CBS,
and financial managers can directly build CBS on
the basis of WBS.

Project PBS What is
Project What to do
management WBS
Human resource Cost L] nIlI:Itnefr :rtrllz?)t L Quality
management management g management
Subdomain Scope Risk
of project ™| management | ™| management How &
(V) 0 run
management Time Communication| "
OBS | | CBS | management | [”| management
L,| Stakeholder ||, | Purchasing
management management
Fig.1 Integrative project structure of aero-engine
: : System
2.3 Relationships among PBS, WBS, OBS and Subsystem A
CBS Subsystem C
Subsystem B Subsystem D
2.3.1 Relationship between PBS and WBS .
. . . .. PBS
PBS is a hierarchical decomposition structure
of products, such as hardware items, software WBS
items, and information items (files, data sets,
etc.), used in the product logical and functional de- g
1] Y 1]
composition process. @ System |[Identification| [Integrated|
. . engineering| | verification | | logistics
PBS is closely related to WBS, so it can be support

considered that PBS is a part of WBS, or that WBS
contains all elements of PBS, as shown in Fig. 2.
Through WBS work packages, WBS is associated
with product structure. Precisely, project manage-
ment (PM) object is associated with product design
object, which constitutes the architecture of enter-
prise product information integration and builds a
bridge between configuration management and proj-
ect management.
2.3.2 Relationship between WBS and OBS

OBS is an organizational breakdown structure,
which 1s human resource based on project require-
ments identification. It is designed hierarchically ac-
cording to work division (management and imple-

mentation) and category (design, trial production,

Fig.2 Relationship between PBS and WBS

experiment, etc.). As shown in Fig.3, OBS will
eventually show the person in charge of the different
levels of work packages, and the project members
from the relevant departments or units will be hierar-
chically and systematically linked to the work pack-
ages.

IPT organization is a matrix project manage-
ment structure, that is, through the interdependent
and collaborative system of the project and function-
al management systems, it is implemented step by
step to everyone involved in the project. The project
management 1s responsible for decomposing the

work and requirements layer by layer according to
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Fig.3 Relationship between project and department

the project objectives, and constructing the WBS of
project. The functional management is responsible
for formulating general standards, norms, proce-

dures, work instructions and other work require-

"A series of acro-cngine

ments, and coordinating and managing the human,
financial, material, infrastructure and other resourc-
es required for the specific work according to the

profession and category, as shown in Fig.4.

‘Technology - - .
demanstation Paging Tier 1 | A series of aero-engine |
- PM-IPT
dcign “dcgn management
Sy T [ Project director |-{PM object|
External & in
necelle management
system
\
e [ syst Mechanical ||| Control and
CM-IPT ystem echanical ontrol an
integration Cot?ll))¥stor system health
IPT IPT management
IPT
=
Compressor Turbine External 1 i
IPT IPT and nacelle P
system i i
IPT b
Fig.4 Relationship between WBS and OBS
2.3.3 Relationship of WBS and CBS Project budget
Budge;ary WBS-CBS Ignéaual and final
The CBS fund management and control model cost plan udget accounts
Control Feedback

based on the WBS task arrangement is based on the
project proposal and implementation plan. Between
the project budget and the project annual budget, a
CBS funding decomposition matrix covering the
WBS task arrangements at each stage of the project
development is established. This is used as a project
funding management baseline during project imple-
mentation to ensure that the development funding is

generally controllable, as shown in Fig.5.

Contract
signing

accounting

Fig.5 WBS-CBS fund management mode

Application of Integrated Frame-
work for Commercial Aero-en-
gine Projects

Firstly, PBS of commercial aero-engine prod-

uct can be programmed according to the actual prod-
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uct structure through the integrated project frame-
work of the product, or PBS standard template can
be tailored to generate PBS of the specific project
model. Secondly, through the analysis of the devel-
opment process, a series of general steps or stan-
dard activities are established according to the actu-
al development process of the product to form a
WBS standard template. Then, based on PBS, ac-
cording to the general steps or standard activities,
the mapping relationship between PBS and WBS
standard templates is analyzed, and WBS of the
specific product model is constructed through PBS.
Among them, PBS is the embodiment of the deliv-

ery results, common steps or standard activities

are the embodiment of the development process,

System
specifications

x|
=T BT
] x|

‘a

As required

/
OBS

(wp12] [wp22] (wp32) »

When

“
WBS
@ (wp11] | (Wp21)| [WP31]

Integrated

Mile stone

V_V

and WBS is the result of their joint actions. Final-
ly, according to the project WBS task arrange-
ment, each task is equipped with cost and resource
information, such as labor, equipment, and exter-
nal contract, and combined with the company’ s
project matrix management mode. And then press
the unit, such as gas machine, combustion cham-
ber and turbine, to be equipped with project man-
agement. The OBS team allocates full-time project
accounting for each level of project IPT team, par-
ticipates in the whole process of project manage-
ment, implements deep integration of business and
finance, and integrates the concept of fund manage-
ment and control into all levels of project manage-

ment team, as shown in Fig.6.

Why PBS
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L
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Fig.6

3.1 PBS construction

The establishment of PBS embodies the specif-
ic understanding of project objects. The main source
is the understanding of stakeholder needs. The re-
sult 1s a systematic decomposition of complex prod-

ucts, which is decomposed into subsystems by com-

Integrative project architecture and project management elements

plex systems until decomposed into system ele-

ments. Specific to aero-engine products, JASC -

Code ATA 100 defines the prevailing rules for this

"4 Commercial aero-engine products

decomposition
follow the same principles and build their own PBS,

as shown in Fig.7.
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engine

A series of aero-

Bare || Fuel and || Igniter Air Indicating || Exhaust || Lubricating || Starting
aceCl| engine || control || system system || system system || oil system || system
Fan Core | Low-pressure| | Drive
engine turbine system
I |
High-pressure High-pressure
compressor Combustor turbine

Fig.7 PBS sample of aero-engine

3.2 WRBS construction

After building PBS, the project object has
been structurally decomposed according to the un-
derstanding of the stakeholder’ s needs, and can be
independently implemented and integrated with the
verification element. The next step is to solve the
problem of how to do it, that is, the construction of
WBS.

The WBS construction of the commercial aero-
engine product is aimed at achieving the project and
is deliverable-oriented. The main decomposition
principles are as follows: The decomposition pro-
cess divides the project work into layers that are
more detailed and more manageable. The process is
deeper and progressive, and finally reaches the level
of the work package where the granularity is not
suitable for further subdivision. The working compo-
nents of each level divided in the decomposition are
treated as WBS units with independent attributes.

As the project work component at the bottom
of each branch of WBS, a WBS unit that usually
has the following characteristics can be called a
work package: (1) From the perspective of task as-
signment and implementation, it cannot be further
decomposed; (2) it can effectively estimate the
cost, task time and deliverables of the task; (3) it
has ability to specify clear heads of responsibility
and responsible persons; (4) it can clear ending
signs that can be completed relatively independent-
ly; (5) it can be outsourced or dispatched as a

whole.

Each WBS unit is used to describe each level
of WBS containing at least the following elements:
(1) WBS coding; (2) work objectives; (3) respon-
sibility subject; (4) job description; (5) iconic de-
liverables.

The hierarchical decomposition principles of
WBS are: (1) Business types and business imple-
mentation processes involved in project implementa-
tion; (2) product decomposition structure involved
in project development; (3) product function real-
ization or professional division of labor involved in
project development.

The 100% decomposition principle is that
WBS shall include all business activities involved in
the aero-engine project as applicable scope and shall
ensure that no work is left out and no additional
work is added to the work breakdown activities.
The next level of decomposition of each work task
must represent 100% content of the previous work
task.

Uncrossing principle is that WBS should en-
sure tasks are not repeated and do not overlap with
each other.

According to the characteristics of the develop-
ment of commercial aero-engine, WBS should not
only reflect the branches related to product struc-
ture, but also include branches related to technical
researching and project management. A WBS struc-
ture example of a commercial aero-engine is shown

in Fig.8.
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5.9 Mechanical
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Il system verification

5.11 Air system
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Fig.8 WBS sample of aero-engine

3.3 OBS construction

OBS is built to solve the problem of human re-
source allocation after the establishment of WBS.
Through the establishment of OBS, the logical rela-
tionship among human resources, responsibilities,
tasks, powers, performance appraisal and other mat-
ters of complex product development can be clearly
organized in the form of integrated product develop-
ment team in matrix management organizations.

OBS of commercial aero-engine development
is constructed according to the organization principle
of integration project team. IPT refers to a working
team composed of professionals and managers from
cross-unit, cross-department, multinational, inter-
nal and external suppliers, who complete the activi-
ties and tasks of integrated product development
projects or specific interrelated project activities and
tasks within prescribed time and cost. In accordance
with the principles of “five-management” (human,

money, affair, demand, result) and “four-focus”

(demand, change, node, result) , “six-clearness”
(task, target, plan, security, responsibility, accep-
tance) and “six-integration” (idea, personnel, ele-
ment, method, information, product) are achieved
to realize “reinforcement” , which commands the
overall project work, coordinates each system and
interface of the work package, effectively controls
changes, quickly solves problems, and strengthens
overall state and control.

According to the differences of management
level, project development stage and product ob-
ject, the IPT team is divided into administrative
management integrated IPT (AM-IPT) , program
management integrated IPT (PM-IPT) , compo-
nent management integrated IPT (CM-IPT) , and
component design builds and test integrated IPT
(CDBT-IPT), and encodes levels 0, 1, 2, and 3
in accordance with management and product imple-
mentation logic and integration relationships, as

shown in Fig.9.
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Fig.9 Sample of OBS

3.4 CBS construction

In the design process of commercial aircraft
products, cost control is an important means to en-
sure commercial success while achieving technical
and product success. And cost-oriented design and
cost-based design are two accepted methodologies.
In addition, value engineering is a relatively success-
ful cost control method at present. In recent years,
the innovative problem solving theory (Teoriya
Resheniya Izobreatatelskikh Zadatch, TRIZ) ,
which develops well, can also be used as an effec-
tive method to control costs.

In practical application, different cost control
theories must break down costs and expenses in a
similar way from the source, so as to achieve cost
control. When collecting cost data, the main meth-
od to determine the basic data composition is the
combination of WBS and CBS. CBS breaks down
product costs horizontally, that is, breaking down

cost items into sub-items that are easy to trace. In

this way, WBS and CBS are unified in the same da-
ta table, and the cost size and detailed composition
on each node of WBS can be clearly represented by
CBS. CBS usually has a close relationship with the
causes of various costs and expenses. Only when
the division of various costs and expenses is detailed
enough, the real cost control approach can be found
through cost analysis, functional analysis or root
cause analysis. At the same time, cost data collec-
tion must cover the whole life cycle of the develop-
ment, production, use and service guarantee of
commercial aircraft engine products, including all di-
rect, indirect, labor and non-labor costs related to
products.

The CBS decomposition example of commer-
cial aircraft engine is shown in Fig.10. According to
the hierarchical system of WBS, the principle of
“near thin and far thick” is used to collect develop-
ment funds of different levels of the project and com-
plete CBS budget decomposition based on WBS

task arrangement.

! . . . .
i WBS Financial information i i CBS 1
! All'level stator
| Tier |  Number Task oo | Man- | po length Contract | ., i i
I - hour amount | ——; i component cost
i 3 |W010205 HPC design ! : Stator
| 4 |wo1020501 Stator components 26 18 2.6 ! ! component cost
| design ! ! Al level casin
| 7| 16 | : &
I 5 |wot02050101 |All levels stator | | cost
! components design ! ! Rotator
: 5 |W0102050102 |HPC casing desi N 3 13 1 : component cost
| casing design Z . 0 ! : Blisk-bladed
i 4 [wo01020502 [Rotator design : ! : disk cost
H e a .ee 9 7 1.0 1 |
Il 5 [W0102050201 dBelfik bladeddisk | l
en _ 9 7 1.0 d | MCombust Nozzle cost

1 3 |W010206 Combustor design ! ' ombustor
L 4 |W01020601 |Nozzle design 21 5 1.5 ! : cost —
! : | i ombustor :
1 Combustor liner 5 2 1.0 1 \ .

4 |W01020602 %
E design 16 3 05 i i liner cost
E 5 |W0102060201 | Tile design 16 3 05 i i _!._________J ___E- __________ L ___L_________:
H ]

Fig.10 CBS example of aero-engine
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3.5 Information technology support

In order to ensure that the completed project in-
tegration architecture can operate normally in the
business of commercial aero-engine development, it
is necessary to ensure the scientific and reasonable
development of the project and the overall controlla-

ble development funds. Based on the existing infor-

mation system, taking the product data manage-
ment system and the comprehensive plan manage-
ment system as the core, AECC CAE develops the
corresponding functions so as to ensure the efficient
and accurate transformation from the technical view
to the management view of the whole life cycle of
complex products in a unified and standardized way.

Corresponding functions are shown in Fig.11.

I |
i Product data Product i
| management !
| system { L L L !
| | || || || | |
|
I I
i | Component | | Part | | Unit | i
I
U
________________________________________________ l_:_1313§_<_iat_a____________,
I i
i Planning Project i
| management rojec WBS :
i system r ! ) :
! Work Work Work !
' package A package B package C :
i i P P
N T - . [ i
: Tier 2 Labour || i P o
i IPT Facility i ™~ i
! director ! [ [
Troject | | Lol . S |
1 o i
] il O R U |___ CBS clements i
I
i Tier 2 i Annual || Contract i
! IPT i burden || number |
i director | Analytic || Man i
N accounts || _hour i
1

Fig.11 Sample of integrative project structure system

4 Conclusions

The experience of project management proves
that structured breakdown structure provides strong
support for project management. Through the inte-
grated implementation of PBS, WBS, OBS and
CBS, the rapid construction of WBS and CBS of
commercial aero-engine is realized. It ensures the
scientific and reasonable development task of the
project and the overall controllable development
budget.

Through the integration framework of PBS,
WBS, CBS and OBS, different functions and tech-
nical departments can carry out engine product de-
velopment efficiently and orderly in the way of proj-
ect integration team with a coordinated mechanism

and principle. However, the current commercial

aero-engine project has not yet completed the devel-
opment of a type of product, and the accuracy of
work and cost breakdown related to project manage-
ment planned in WBS still needs to be verified and
optimized in the follow-up work. At the same time,
the breakdown of delivery and service work after the
development stage of commercial aero-engine prod-
ucts in the whole life cycle has not been planned,
which can be used as one of the key points in the fol-
low-up work of the integrated project framework to

carry out corresponding research work.

References

[1] INSTITUTE P M. A guide to the project manage-
ment body of knowledge: PMBOK (R) guide[ M].
4th ed. USA: Project Management Institute, Inc.,
2008: 71-75.

[2] Department of Defense. MIL-HDBK-881 department

u.s. of defense handbook: Work breakdown structure



No.

ZHANG Yujin, et al. Practice of Project Management Methodology for Commercial--- 321

[4]

(6]

[7]

[8]

for defense materiel items[ M ]. Washington: U.S. De-
partment of Defense, 1998.

FENG Bing, ZHENG Shuofang, CHEN Suining, et
al. Construction method of WBS for large commercial
aircraft development projects[J]. Project Management
Technology, 2010,8(1): 66-70.

GUO Jia. Work breakdown structure supporting effec-
tive aircraft projects management[J]. Project Manage-
ment Technology, 2016, 14(7): 129-132.

LIU Jianping. The methods and flows of work break-
down structure workout based on product breakdown
structure for large aircraft[J]. Civil Aircraft Design &.
Research, 2016(3): 85-88.

SHARON A, DORI D. Project-product model-based
approach to planning work breakdown structures[J].
IEEE Systems Journal, 2015, 9(2): 366-376.
SHARON A, DE WECK O L, DORI D. Improving
project-product lifecycle management with model-
based design structure matrix: A joint project manage-
ment and systems engineering approach[J]. Systems
Engineering, 2013,16(4): 413-426.

SHARON A, DORI D, DE WECK O L. Project
management vs. systems engineering management: A
practitioners’ view on integrating the project and prod-
uct domains[J]. Systems Engineering, 2011, 14
(4): 427.

SHARON A, DORI D. Integrating the project with
the product for applied systems engineering manage-
ment[ C]//Proceedings of the 14th IFAC Symposium
on Information Control Problems in Manufacturing

(INCOM 2012). Bucharest, Romania: [s.n.], 2012:

1153-1158.

[10] WANG Xiang, ZHAN Kegqiang, YOU Sheng. Appli-
cation of WBS method in project management of the
Tianlian-1 satellite development[J]. Project Manage-
ment Technology, 2009,7(9): 50-56.

[11] ZHENG Dawei. Analysis on the limits of traditional
WBS and theory &practice of WBS matrix[J]. Project
Management Technology, 2010,8(1): 71-75.

[12] HE Miao, YANG Haicheng, JING Shikai. Decompo-
sition method of WBS based on PBS for complex prod-
ucts[J]. China Mechanical Engineering, 2011, 22
(16): 1960-1964.

[13] ALTFELD H. Commercial aircraft projects[ M ]. Bei-
jing: Aviation Industry Press, 2013: 190-196.

JASC/ATA

100 joint aircraft system/component code table and

definitions| M ]. Washington: Federal Aviation Ad-

[14] Mike Monroney Aeronautical Center.

ministration, 2008.

Author Dr. ZHANG Yujin received the B.S. degree and
M.S. degree in Engineering Thermophysics from Northwest-
ern Polytechnical University (NWPU) in 1993 and 1996, re-
spectively. He is engaged in mechanical engineering and com-

plex product collaborative development, etc.

Author contributions Dr. ZHANG Yujin designed the

study, complied the aero engine project architectures,

improved the architecture in practice, and wrote the
manuscript. Prof. LIAO Wenhe guided the study and gave

key opinions on some of the core issues.

Competing interests The authors declare no competing

interests.

(Production Editor: ZHANG Huangqun)

ETERNBERNERAMEZEI B EERTES LK

kK EA, B Ao
R 25 AL R R AL 24 B, pe 5t 210016, FR )

WE A FIRA B o = Rh XAS B E AL T AL B A58 KT WA — 5, K f fRIET B 3% 2 Ak
REAZEE, FEELZLRSHAAB S MEEOERRBER. AL 54T B A sk AR5 25409 5F 52 A

KB TERFm sy BEH ZAErMEH LR 5

fLEH R AR AR E LD AERABER,

2
T AR MMM AL E R, BB R L THATT £, N A% — M T ERIET L7~
Fa e A Bl IR AL B 6 TR AL B A B A 6 A AR B BT AE S AL AT B 2 BAR TR

KR R RR B AER R E LB AL TAR 5 AR 25

R R R OB R R W N )



