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CHINA AEROSPACE
STUDIES INSTITUTE

CASI's mission is to advance understanding of the capabilities, development,
operating concepts, strategy, doctrine, personnel, organization, and limitations

of China's aerospace forces, which include: the PLA Air Force (PLAAF); PLA
Naval Aviation (PLAN Aviation); PLA Rocket Force (PLARF); PLA Army
(PLAA) Aviation; the PLA Strategic Support Force (PLASSF), primarily space
and cyber; and the civilian and commercial infrastructure that supports the above.

CASI supports the Secretary, Chief of Staff of the Air Force, the Chief of
Space Operations, and other senior Air and Space leaders. CASI provides expert
research and analysis supporting decision and policy makers in the Department of
Defense and across the U.S. government. CASI can support the full range of units
and organizations across the USAF, USSF, and the DoD. CASI accomplishes its

mission through conducting the following activities:

 CASI primarily conducts open-source native-language research supporting
its five main topic areas.

* CASI conducts conferences, workshops, roundtables, subject matter expert
panels, and senior leader discussions to further its mission. CASI personnel
attend such events, government, academic, and public, in support of its
research and outreach efforts.

+ CASI publishes research findings and papers, journal articles, monographs,
and edited volumes for both public and government-only distribution as
appropriate.

* CASIestablishesand maintainsinstitutional relationships with organizations
and institutions in the PLA, the PRC writ large, and with partners and
allies involved in the region.

* CASI maintains the ability to support senior leaders and policy decision
makers across the full spectrum of topics and projects at all levels, related to
Chinese aerospace.
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CASI supports the U.S. Defense Department and the China research
community writ large by providing high quality, unclassified research on Chinese
aerospace developments in the context of U.S. strategic imperatives in the Asia-
Pacific region. Primarily focused on China’s Military Air, Space, and Missile
Forces, CASI capitalizes on publicly available native language resources to gain
insights as to how the Chinese speak to and among one another on these topics.
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PRrREFACE

As we move further into the era of 21st century great power competition,
it is important to understand with whom we are competing. This report is our
second in a series of studies by the China Aerospace Studies Institute that seeks to
lay the foundation for better understanding the Aerospace Sector of the People’s
Republic of China (PRC).

'This is our first case-study in this series. This paper focuses on the aeroengine
industry within the PRC. As you might expect, engines are a critical component
to any aerospace endeavor. Despite serious efforts on the part of the PRC, China
still struggles with several key technologies for the most advanced aeroengines.
In other areas, however, China has made significant progress, either through their
own research or through co-opting foreign technology.

Part I of the study provides an overview of the R&D and acquisition ecosystem
related to Chinese acroengine development and a historical perspective on China’s
key advances in the field. Key research institutes, factories, government offices,
and people involved in the development of Chinese aeroengines are profiled. As
there is significant overlap in the materials, propulsion, and control systems design
and engineering used for turbines meant for power generation and aeroengines,
an examination of Chinese gas turbine development is crucial to understanding
China’s advances in aeroengines. Therefore, for the purposes of this study, we have
also chosen to highlight the role of Chinese R&D institutes or breakthroughs
related to power generation.

Part II of the study focuses on the development of four particular types of
engines that represent the areas of greatest effort, highlighting the difficulties
Chinese aviation engineers have faced and their progress toward overcoming
challenges in this vital but complicated sector. These are fighter jet engines,
turbofans for bombers and commercial aircraft, helicopter engines, and engines
for unmanned aerial vehicles (UAVs) and cruise missiles.
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* Fighter Jet Engines — analyzes the historical development of jet engines
in China from the earliest rote copies of Russian designs to indigenous
successes and cutting-edge research currently being incorporated into
China’s latest generation of stealth fighters.

* Bomber and Commercial Aircraft Turbofans — focuses on high-bypass
turbofans under development for bombers like the H-6K and H-20 and for
strategic transport, aerial refueling and airborne early warning and control
aircraft (AEW&C) such as the Y-20 and its variants.

* Helicopter Engines — discusses China’s path toward indigenized lines of
turboshaft engines for the PLA’s expanding range of rotary wing aircraft.

* UAVs and Cruise Missile Engines — looks at two areas with significant
overlap: “micro and small” turbofan engines for the significant number of

high-performance UAVs and advanced cruise missiles being developed for

the PLA.

Drawing on Chinese-language government publications, news articles,
authoritative writings on strategy and tactics, and academic studies, each section
examines the history of declared priorities, strategy, and R&D in the field.
Combined with contemporaneous reporting, each section gives an assessment
of the current state of the respective field. Taken together, these provide a clear
snapshot of the strategic requirements driving aeroengine R&D, the companies
and research institutions carrying it out, and the relative trajectory of progress by
these companies.

CASI would like to thank the team at TextOre for their continued work in
helping us bring further clarity to the often murky world that is the aerospace
sector in the PRC. We would also like to specifically thank Peter Wood, Roger
Cliff, and all the others who contributed to completing this report. We hope you
find this volume useful, and look forward to bringing you further reports in this
series on the Chinese aerospace sector.

Brendan S. Mulvaney
Director, China Aerospace Studies Institute
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ABBREVIATIONS

AECC
AESA
AEW&C
AAM
AM
AMS
ASW
AVIC
C4ISR

CAAC
CAD
CAE
CAIG
CASC
CASIC
CASS
CCP
CFD
CIMS
COMAC
CMC
CNC
COSTIND

CSIC
DWP
ECM
EDD
EW
FADEC
FYP

Aero Engine Corporation of China

Active Electronically Scanned Array (radar)
Airborne Early Warning & Control

Air-to-Air Missile

Additive Manufacturing

Academy of Military Sciences

Anti-Submarine Warfare

Aviation Industry Corporation of China
Command, Control, Communications, Computers,
Intelligence, Surveillance and Reconnaissance
Civil Aviation Administration of China

Computer Aided Design

Chinese Aeronautical Establishment

Chengdu Aircraft Industry Group

China Aerospace Science and Technology Corporation
China Aerospace Science and Industry Corporation
Chinese Academy of Social Sciences

Chinese Communist Party

Computational Fluid Dynamics

Computer Integrated Manufacturing Systems
Commercial Aircraft Corporation of China
Central Military Commission

Computer Numerical Control

Commission for Science, Technology and Industry for
National Defense

China Shipbuilding Industry Corporation

Defense White Paper

Electronic Countermeasures

Equipment Development Department

Early Warning

Full Authority Digital Engine Control

Five Year Program
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GAD
HALE
ISR
LAM
LRIP
LSG
MCF
MIIT
MOF
MOST
NDU
NRDC
NUDT
PAP
PBSC
PLA
PLAAF
PLAN
PLASSF
PRC
R&D
RMB
STOL
SASAC

SASTIND

UAV
UCAV

General Armament Department

High Altitude Long-Endurance

Intelligence, Surveillance, and Reconnaissance
Laser Additive Manufacturing

Low-rate Initial Production

Leading small group

Military-Civilian Fusion

Ministry of Industry and Information Technology
Ministry of Finance

Ministry of Science and Technology

National Defense University

National Development and Reform Commission
National University of Defense Technology
People’s Armed Police

Politburo Standing Committee

People’s Liberation Army

People’s Liberation Army Air Force

People’s Liberation Army Navy

People’s Liberation Army Strategic Support Force
People’s Republic of China

Research and development

Renminbi

Short Takeoft and Landing

State-owned Assets Supervision and
Administration Commission

State Administration for Science, Technology and Industry for
National Defense

Unmanned Aerial Vehicle

Unmanned Combat Aerial Vehicle
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INTRODUCTION

The engines powering the multiplying types of modern Chinese fighters,
surveillance, transport, and bomber aircraft represent the core problems of
China’s rise: increasing domestic strength in science and technology (S&T') and a
persistent dependence on imported foreign technology.

For the Chinese military, improved engines are critical to its ability to
perform more complex and demanding missions. Focuses of development include:
advanced high bypass ratio turbofans for bombers and heavy transport aircraft;
high-performance low bypass ratio turbofans and thrust vector control (TVC) for
fighter aircraft; more-capable turboshaft engines for helicopters; and improved
turboprop engines for tactical transport and maritime patrol aircraft.

At the strategic level, the shift from a mission of territorial air defense [E+
B5=] to preparing for both offensive and defensive operations [BB53&#% ], and the
resultant requirement to perform missions such as long-range strike [Ki&FHFZ]
and strategic force delivery [fkB&#%3%], are shaping Chinese requirements for more
capable, long-range aircraft. At the tactical level, requirements for specialized
missions such as close air support and anti-submarine warfare (ASW) are further
driving requirements.

Chinese publications describe aeroengines as the “pearl in the crown” [ 258 _E#Y
BA%K] of an aviation industry, the “heart of an aircraft” [ ¥#E/OME] and a “strategic
guarantor” [iXB&{RFE] of national security. Despite this emphasis, China continues
to struggle to develop its own aeroengines. The following section examines China’s
progress in the development of modern aeroengines and the challenges it has

encountered.

D1rFIcULTIES IN AEROENGINE DEVELOPMENT

Across the world, aeroengines typically impose significant upfront costs in terms
of technology development and prototype manufacturing and testing to ensure
that designs meet requirements for power output, weight, fuel efficiency, lifespan,
and maintenance. Chinese observers note that, in addition to high-performance

materials, modern aeroengines require precision machining and lengthy and
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expensive periods of testing that requires specialized wind tunnels, atmospheric
and environmental condition testing, and test-to-destruction procedures. This
testing requires substantial investments in high-tech testing equipment.’

In the West, development of a new military turbofan engine has historically
cost between $300 million and $4 billion and required up to seven years from the
time of contract award to the initiation of low rate production. For example, the
Pratt & Whitney F100, used in the F-16 and F-15 fighters, cost an estimated
$2.26 billion (in 2018 dollars) and took 4.5 years to develop. The F119, used in
the F-22, cost $3.94 billion to develop.?

Engines represent a significant portion of the overall cost of an aircraft,
typically between 20-25 percent. Thus, aside from eliminating China’s dependence
on foreign suppliers for a critical element of its military power, the capability to
produce aeroengines domestically would enable China to capture a significant
portion of the production cost of military aircraft that would otherwise go to
foreign suppliers.

Andrea and Mauro Gilli have noted that technologies such as aeroengines
require so many different research, manufacturing and supply chain inputs that
reverse-engineering of the technology is difficult or impossible to effect.” An
example of the difficulty of the material science and precision machining key
to producing quality aeroengines can be seen in China’s multi-decade quest to
precisely manufacture ball bearings smaller than 0.1 millimeter, such as those used
in regular ballpoint pens. This effort only succeeded in 2017.*

The Chinese government’s efforts to promote domestic aeroengine
development over the past decade have included three major initiatives:

¢ Acceleration of state plans for aeroengine R&D

* Consolidation of the aeroengine industry

* Creation of new research institutes and test platforms

STATE-SPONSORED AEROENGINE R&D EFrorTs

China’s goals for aeroengine development stem from both strategic and
economic imperatives: the desire to dramatically increase China’s overall military
capability and to move Chinese manufacturing and exports further up the value
chain. Manufacturing aeroengines, however, is a longstanding weakness in China.
Although China was capable of producing a range of different types of aircraft,
by the mid-1960s, making the engines for those aircraft posed problems. For
instance, sufficiently powerful engines required hollow cast turbine blades that
used advanced alloys. Metallurgy in China, however, was insufficiently advanced
to produce these alloys.
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As a result, over the years the Chinese government has launched a series of
efforts to improve China’s aeroengine manufacturing capabilities. In 1978, for
example, it issued an “Aviation Industry Science and Technology Development
Program for 1978-1985” [1978-1985&F M= Tk RIFHAKEMK Jthat included,
among eight key projects, development of a high thrust-to-weight ratio turbofan
engine.’ Described in greater detail below, this project, the WS-6 [(RE-6], lasted
until 1986, when it was canceled without a workable engine having been produced.

In the 215t Century, national development plans for industry and technology
have consistently prioritized the development of aeroengine technology. The
“Program for Developing Hi-Tech Industries During the 11th Five Year Program
Period (FYP)]™ [E&ARF W RE “+—F” M), for example, called for efforts to
develop the aviation industry in general, with aeroengines being an area of specific
emphasis.® Similarly, the “Program for the Development of Emerging Strategic
National Industries During the 12t FYP Period™ [“+ZR” EIRKEEHERT 1L K
E#K] listed the aviation equipment industry as the number one priority under
the category of “high-end equipment manufacturing industries” [ S5 HliE™
Al]. A development roadmap included in this document prioritized breakthroughs
in core aeroengine technologies, including completing the development of
turbofan engines for large commercial aircraft by 2020, strengthening research
and development of critical technologies for new types of turboshaft engines, and
improving China’s overall capabilities to develop technologies for the research,
development, testing, and evaluation of aeroengines.” Similarly, the “Program for
National S&T Development During the 13th FYP Period™ [BR “+=&" #l##
AREREMA] listed “acroengines and gas turbines” first among major science and
technology areas in which China should strive to achieve breakthroughs by 2030.
Likewise, the “Made in China 2025” [E#i&2025] program, promulgated in
2015, includes aerospace and aviation equipment as one of ten priority strategic
sectors key to transforming China into a “manufacturing superpower.” The plan
specifically calls for breakthroughs in high thrust-to-weight ratio advanced
turboprop engines and high bypass ratio turbofan engines.®

CHINA AEROSPACE STUDIES INSTITUTE



LauncH or THE “Two ExcINES” ProOJECT

Perhaps the primary policy initiative driving aeroengine development in recent
years has been the national-level technology project to indigenously develop and
manufacture modern aeroengines and industrial gas turbines (which share many
core technologies). In 2013, the State Council issued a decision “to concentrate
all efforts on development of aeroengines” [ TR UMEMZ R EIIB £ 2], launching
feasibility studies for what was termed the “Two Engines” special project [“F#/l”
L]0

In early 2015, the Two Engines project was first written into the annual
government work report. The report proposed that major projects such as
aeroengines and gas turbines be implemented, and that national defense scientific
research and high-tech weapons and equipment construction be strengthened. The
“State Innovation-Driven Development Strategy Guidelines” [“E R 8l zh & Rk
BE4NZE”] issued by the Chinese Communist Party (CCP) Central Committee and
the State Council in May 2016 called for the Two Engines project to be launched
as quickly as possible.” The project was officially launched in August 2016 with a
budgeted investment of 100 billion yuan (approximately $15 billion)." The level
of official support, both politically and in terms of funding, when combined with
across-the-board policy support, make the Two Engines project analogous to
“Made in China 2025” in terms of its authority, scale, and impact.

In 2016, Ministry of Industry and Information Technology (MIIT) Minister
Miao Wei [##F] emphasized that during the 13th FYP period, China would
make major progress on the Two Engines project, with breakthroughs in key
technologies. Within the aeroengine portion of the Two Engines project the focus
is on turbofans and turbojets, while not neglecting turboshaft, turboprop, and
piston engines. For gas turbines, China aims to achieve independent production
of 300MW “F-class” gas turbines by 2020 and develop 400MW “H-class” gas
turbines by 2030.¢ The Chinese government views gas turbines as a major market
worth as much as $500 billion, with major applications for power generation as

well as for the maritime and manufacturing sectors.
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SieN1FICANCE OF GAS TURBINE DEVELOPMENT TO

AEROENGINE DEVELOPMENT

Most of China’s aeroengine development plans include mention of industrial
gas turbines. [#A5%41]. While power-generating gas turbines do not face the same
weight limitations that make aeroengine development so difficult, their expected
lengthy runtimes and power output make precision, balancing and advanced
thermodynamics necessary. Techniques developed for one sector are frequently
flowed to others, leading to improvements in reliability and durability. Leaders in
one sector are typically deeply involved in the other, as evidenced by GE and Rolls
Royce’s large power generation businesses.

In China, the QD128 12MW-class gas turbine, for example, was spun off the
core design of the “Kunlun”[E €] aeroengine. Li Xiaotang [ZZ %], chief designer
of the QD128 and deputy director of the AECC Shenyang Engine Research
Institute [FREMK LK EINAAZFT], also worked on maritime applications of the
same engine as well as the R0110 heavy-duty gas turbine.5

In 2018, Chinese state-owned shipbuilder China Shipbuilding Industry
Corporation (CSIC)

GoVERNMENT BopiEs OVERSEEING AEROENGINE DEVELOPMENT

While the details are not always clear, a number of high-level government
and military bodies appear to provide direction for and oversight over the Two
Engines project and aeroengine development in general.

Two EncINEs ProjecT LEADING SMALL GrouPp [“THl" LTS/ \AH]

'The State Council has administrative authority through a directly subordinate
leading small group (LSG) on the Two Engines project. The LSG’s general office
is housed within MIIT. Several related groups provide direction for the project,
including the Two Engines project expert advisory committee [“FHl” EREWZE
£52]" and the Two Engines project basic research committee [“Fi#l” ERHARZER
=]. A Two Engines project basic research professional group [“F#l” EREAT T L
4] was established in April 2017.

Though the State Council typically issues an official notice outlining an LSG’s
purpose, responsibilities, and membership whenever one is established,” no such
notice was issued for the Two Engines project LSG, an indication of the level

of sensitivity surrounding the project. While the group is alluded to in official

media, the lack of an official State Council notice means that little insight can

be gleaned about the officials or agencies that compose the LSG. Several official
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sources indicate that it was nominally led by Vice Premier Ma Kai [Z#1] prior
to his retirement.’® At least some functions of the role now appear to be filled by
MIIT Vice Minister Xin Guobin [¥E5#], who, though never explicitly named as
the head or even a member of the LSG, is observed in official media appearing
and speaking at significant events related to the Two Engines project.

LeapiNng SMALL GrRoUP FOR BUILDING A MANUFACTURING POWER

[ER#hERERZMS/NA]

Established in June 2016, the LSG for Building a Manufacturing Power is
charged with coordination and planning for the implementation of the “Made in
China 2025” program. The general office of this LSG is also housed within MIIT.
Unlike the Two Engines project LSG, details about the group’s composition were
made public in a June 2015 State Council notice. Vice Premier Ma Kai initially
headed the group, and MIIT Minister Miao Wei was initially listed as deputy
head. Officials drawn from departments and agencies such as NDRC, the Ministry
of Science and Technology (MOST), MOF, etc. make up the rest of the LSG.

Tue CENTRAL MiLrTARY-CiviLIAN FusioNn (MCF) DEVELOPMENT

ComMmMiIssION [FRERMALERERS]

This commission, established in January 2017 and chaired by Xi Jinping,
provides uniform leadership over MCF development and acts as the central
coordinating body for policy and decision-making for key MCF issues.’® China
has prioritized coordination of military and civilian industries and research
institutes to achieve faster breakthroughs in areas with implications for both
sectors — aeroengines chief among them.®

In an indication of the commission’s stake and interest in the Two Engines
project and in aeroengine development more broadly, representatives of the
commission have appeared at Two Engines project-related events, including at the
establishment of Tsinghua University’s Institute for Aero Engine (sic) [BE4EXZM
= REPFAZRT] in 2018.7 While details of the plans are unclear, the commission
has approved a series of MCF plans for defense, science, technology, and industry
tied to the 13t FYP, including the “Program for National Defense Science,
Technology, and Industry Development During the 13t FYP Period” [“+=%"
EpsREE Tl R @AM, “Opinions on Promoting the In-Depth Development of
Military-Civilian Fusion in National Defense Science, Technology and Industry”
["XFHDEHRZILERBERERENEN’], and “Opinions on Implementing

¢  Military engine designs can be improved and spun off into civilian applications. In the U.S., the core
of the F101 engine for the B-1 bomber was used in both the military F110, which powers many U.S.-made
fighter aircraft, and in the French-U.S. CFM56, the most widely used engine on commercial jetliner.
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In-Depth Development of Military-Civilian Fusion in Military Logistics During
the 13th FYP Period” [“+=R"HEEHEEEHERBARERBISHERN].
Given that the 13th FYP explicitly calls for major breakthroughs to be made in
core aeroengine and gas turbine technologies,? the MCF plans adopted by the

commission very likely address aeroengine development in greater depth.

CeNTRAL Mi1L1TARY CoMMISSION’S EQUIPMENT DEVELOPMENT

DEePARTMENT [E&KELR]

'The Equipment Development Department (EDD) is one of two bodies that
provide oversight and direction for S&T development under the Central Military
Commission (CMC), the top military organization in China. It is also one of the
bodies through which the PLA sets priorities for equipment R&D. In a sign of
the organization’s involvement in the Two Engines project, representatives of the
EDD attended the opening ceremony for Beihang University’s Basic Research
Science Center for Aeroengines and Gas Turbines [fiZ RN KRS ERELF
#.0], an initiative under the Two Engines project dedicated to basic research.?

CeNTRAL MiL1TARY COMMISSION’S SCIENCE AND TECHNOLOGY COMMISSION

[RIEERAZRRR

The CMC Science and Technology Commission also provides oversight and
direction for aeroengine development and plays an important role coordinating
between the CMC, scientific organizations, the State Administration for Science,
Technology and Industry for National Defense (SASTIND), SOEs and private
industry. In August 2017, the Science and Technology Commission and MOST
issued the “Plan for S&T Military-Civilian Fusion Development Special Projects
During the 13% FYP Period” [“+ =R "R E REE RE T WAL ]2 Again, though
details of the plan are not public, it is likely that aeroengine development is a

focus given the prioritization of aeroengine and gas turbine technologies during
the 13t FYP period.

EquiPMENT DEVELOPMENT DEPARTMENT’S MILITARY REPRESENTATIVE

Burraus [EEREEF]

For specific projects, the EDD’s Military Representative Bureau has
representative offices [f{#&AL/71] at factories and research institutes to help guide
work and ensure progress. Members of these offices occasionally publish in related
journals. For example, personnel from the Shanghai Regional Military Aviation
Representative Office under the PLA Army Equipment Department’s Military
Aviation Representative Bureau [[EEEHFNEEZARBE DEHEMEZEERR
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=] recently contributed to a study on the containment structure of an unidentified
engine’s air turbine starter published in Aeroengine [fiZ Kzh#], a technical journal
issued by the Aviation Industry Corporation of China (AVIC).*

CONSOLIDATION OF THE AEROENGINE INDUSTRY

A basic feature of China’s military-industrial complex is the division of
research and manufacturing duties into discrete state-owned bodies. In the
1950s research institutes [i&itH#A%BEFT] and manufacturers [EHAF=wA] were
separated. Primary responsibility for R&D of the J-10 fighter jet, for example,
was divided between the Chengdu Aircraft Design Institute [B#B ¢ ITAAZFT]
(611 Academy), with production handled by the Chengdu State Aircraft Factory
No. 132 [EE132/].

Particularly since 2010, China has undergone a series of reorganizations of
its defense industry. These have increasingly combined formerly separate research
institutes and manufacturers into single enterprises. 'This reorganization is
meant to make the design and development process more efficient by forcing the
organizations responsible for design to work more closely with those responsible
for production.. The most important of these consolidations is the May 2016
creation of the Aero Engine Corporation of China [FFEMZ= £51#1&EH] (AECC).

AErro Excine CorporaTioN oF CHINA (AECC)
[FEMZ EINERERAR (FEME)]

Heapquarters: Dadong District,
Shenyang, Liaoning Province

WEBSITE: http://www.aecc.cn

AECC is China's primary developer and manufacturer of turbojet, turbofan,
turboshaft, turboprop, and piston engines and gas turbines. It serves both the
civilian and military sectors. AECC is partly owned by the State Council through
the State-owned Assets Supervision and Administration Commission (SASAC),
as well as by the Beijing government, AVIC, and the Commercial Aircraft
Corporation of China (COMAC). Prior to the creation of AECC, aeroengine
design, development, manufacturing, and overall was performed by numerous
separate enterprises dispersed throughout AVIC’s organizational structure. AECC
represents several years of consolidation among the various engine-producing
components of AVIC. It brings together 27 companies and research institutes and
employs roughly 84,000 people. The central government approved the creation of
AECC to consolidate the resources available for the Two Engines special project.

CHiNA's AEROENGINE INDUSTRY * A CASI MONOGRAPH
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Speaking during the March 2019 meetings of the National People’s Congress
and the Chinese People’s Political Consultative Congress, Xiang Qiao [[I5],
academician of the Chinese Academy of Engineering, and deputy director of the
CMC Science and Technology Commission, emphasized that the combination of
the Two Engines special project and the creation of AECC were specifically meant
to consolidate resources.”® Among AECC’s projects is the AEF3500 turbofan for
widebody aircraft. The largest aeroengine yet developed by China, the AEF3500
teatures will have a 35-ton thrust and is planned to enter service around 2030.%’
'The engine was first unveiled at Airshow China 2018.%

CreatioN oF NEw REsEARcH INSTITUTES AND TEST PLATFORMS

China has continued to face difficulty in manufacturing fan blades and
housings capable of withstanding the extreme temperatures and pressures that
occur in a modern jet engine. Chinese scholars and policymakers have identified
the cause of these problems as redundancy in research and insufficient funding
for basic materials science research. In 2012, for example, Xu Jianzhong [#R%E
#] of the Chinese Academy of Sciences [FE®I¥FT] noted that “China is the
only permanent member of the UN Security Council that cannot independently
develop advanced aeroengines. This is extremely disproportionate to China’s
national security and status as a major power.”” Xu asserted that a major cause of
China’s inability to develop advanced aeroengines was insufficient basic research.
The Chinese government appears to be attempting to remedy this shortcoming
in recent years.

Both national and provincial-level funds exist for research on particular topics,
including aeroengine technology. For example, the Yunnan province funds a Basic
Research Priorities Project [ ZRAEERMARERTE | and numerous provinces have
Department of Education Talent Projects [B#ETAZFME]. At the national
level, the National Natural Science Foundation of China [ERBEARNZEELER
%] has its own programs to support aeroengine-related research in areas such as

combustion and material science.

h  For example, a 2019 plan project funds research on combustion and turbulence for advanced aeroengines
and lays out criteria for prospective applicants to follow. See: “ER R HNAIHTIREERFAFTE M ITR2019FE R
Bigr,” National Natural Science Foundation of China (NSFC; [Exa##sE4%R4]), 20 May 2019. http:/
www.nsfc.gov.cn/publish/portal0/tab568/info75968.htm
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REesearcH INSTITUTES

AEROENGINE AND GAs TurBINE Basic REsearcH CENTER
[ R SRS S ERE R D]

The Aeroengine and Gas Turbine Basic Research Center [f= KB RIAS
HEREEIF A0 ] was established in Beijing in 2018. The center is a collective effort
that includes Beihang University, Tsinghua University, the Chinese Academy
of Sciences, Northwestern Polytechnical University, AECC Engine Research
Institute, and China United Heavy Duty Gas Turbine Co. [(FEBAERRS M
BEARERAF ]

AECC BEe1jiNG INSTITUTE OF AERONAUTICAL MATERIALS
[FEMAIEEME T EIZRER]

Locartion: Beijing

WEBSITE: http://www.biam.ac.cn/

The Beijing Institute of Aeronautical Materials was established in 1956. It
conducts research on the development, engineering, and utilization of advanced
aviation materials. It has a total staff of more than 2000 people, about half
of whom are technical personnel. It operates nine national laboratories and
engineering centers.’!

AECC AEerROENGINE CONTROL SYSTEM INSTITUTE
[FE RIS R ZAT]
LocaTion: Wuxi, Jiangsu province

WEBsITE: http://camci.com.cn

The Aeroengine Control System Institute, also known as the 614 Institute
[614F7], was founded in 1974 in Wuxi, Jiangsu Province.*> In 1991, it absorbed
several related institutes to become what it is today. The institute is responsible
for research, development and the manufacture and repair of aeroengine and gas
turbine control systems for military and civil applications. It carries out digital
simulation and environmental testing and is home to the only key laboratory on
aeronautical power control systems [fiZRE B HIEHRAERFERE]. The institute
has also built full authority digital engine control (FADEC) systems for turboshaft
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engines, such as the WZ-16 jointly developed with France.” In 2015 it employed
a staft of roughly 1,000 people.*

AECC SicHuaN Gas TurBINE RESEARCH INSTITUTE
[FEMAN RS REHRER] (624 Institute)
Locarion: Jiangyou Mianyang, Sichuan Province [FH)112&42BA7]

WEBSITE: http://www.cgte.com.cn/

AECC Sichuan Gas Turbine Research Institute, is one of China’s three large
aeroengine institutes.”® Though ostensibly a gas turbine research institute, the
overlap between gas turbine technology and aeroengines discussed earlier in the
report makes the research institute one of China’s key aeroengine R&D centers.
It recently invested 13 billion RMB ($2 billion) to build an engineering research
and development center [T2ff&H 0], an engineering simulation center [ T2
{FEHD], an “engineering synergy center” [TRHEIFD], a military-civil fusion
development center [ERB&AKEHD], and a shared technical laboratory group[
HARANIRIG =R

AECC Akro Science anDp Tecunorocy Co, L.
[FEMEMEREBRHERAT MARH)]
Locarion: Chengdu, Sichuan Province [PH)11#& &R ]

WEBSITE: http://ast.aecc.cn

AECC Aero Science and Technology Co., Ltd. is a limited stock company
jointly established in 1999 by AECC Chengdu Aero Engine Group Corporation,
AECC Shenyang Liming Aero-Engine Co., Ltd., Beihang University, AECC’s
China Gas Turbine Establishment, and Chengdu Aeronautic Vocational and
Technical College. It has a staft of over 4,100 and is engaged in development,
production, and testing for aeroengines.’’
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AECC Sourts INnpusTry Co., LTD.
(prEVIOUSLY CHINA NATIONAL SouTH AviaTioN INDUSTRY Co.)

[PEMEEAILERAT (‘“MKkmEA”)]
Locartion: Zhuzhou, Hunan Province [Eg& M|

WEBsITE: http://www.aeccsi.com/

AECC South Industry Co., Ltd. (previously named China National South
Aviation Industry Co.) was established in 1951, shortly after the founding of the
PRC, and produced the PRC’s first acroengines. Over time it has also developed
and produced China’s first heavy motorcycle engines, first industrial gas turbines,
and first turboprop engines. It currently produces turboprops, turboshafts,
and small turbojets.”® The company has had extensive contacts with overseas
businesses, including in the United States. As of 2014, AECC South Industry
Co. was contracted to supply components to Pratt &Whitney Canada, Hamilton
Sunstrand, and Turbomeca.*
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KEey Ficures 1IN AEROENGINE R&D
Provided below are profiles of key figures in the development of aeroengines
in China in recent years.

Zuanc ENHE [3KB]
Chief Designer of the WS-10/Taihang

Perhaps the biggest milestone of the 2000s for engine
development was the successful production of the WS-
10 [(®E=-10], also called the “Taihang” [K%T]. Over the
course of his career Zhang played important roles in the

development of engines for fighter jets and transports, including the canceled J-9
fighter, the Y-7 turboprop transport, and the J-10 fighter.

Zhang graduated from the Harbin Institute of Technology in 1964 with a
major in aeroengine design. He the WS-6 engine program, China’s first effort
to develop a turbofan, which was eventually canceled.*” As a top technical talent,
Zhang also spent some time studying in the United States. In 1981, he was sent
to the New York Institute of Technology to study for two years.*!

During the 1980s China relied on “second generation” [ Zf{] turbojet engines,
whereas the developed countries were already widely using “third generation”
turbofan engines.*? The “Taihang” program was launched in 1987 to address
this problem. Zhang worked on preliminary research for the program when he
returned to China following his studies in the United States. In 1991, he was
named the project’s lead engineer. China's relatively low starting point forced the
engineering team to absorb the knowledge of how to use dozens of new materials
and techniques. Problems continued to follow the project in 2003, with at least
one major incident occurring during high altitude testing. The engine design
eventually passed review in December 2005 and was finalized in March 2006.
Zhang died on 13 November 2016 at the age of 77.*

L1u YoNGQuaN [k R ]
Chief Designer of China Aerospace Shenyang Engine
Research Institute

Liu Yongquan, chief designer [2i&it)fi] and deputy
director of the China Aerospace Shenyang Engine Research
Institute (often shortened to Power Institute) [ JoBRA TR
P (“shFT”)], has been a leading figure in China's aviation engine R&D and

basic research.
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Liu is credited as the chief designer of five key aeroengine models, including
the WS-10B,* an enhanced version of the Taihang engine.

Liu received an undergraduate degree in aeroengine design from Northwestern
Polytechnical University in 1984.% In 1990, he received a master’s in engineering*’
from the propulsion department at Beihang University.* Liu has also studied
abroad.”

Liu joined Shenyang in the 1980s and worked on the “Kunlun”aeroengine for
the J-7 and J-8 fighter jets. The Kunlun is claimed to be China's first indigenously
designed jet engine.®® Liu later worked on the Taihang engine. He and his team at
the Power Institute focused on improving engine reliability. Liu was also the lead
expert on the national defense project addressing engine vibration [“E##REIEA
W52 18R1], a problem which had plagued Chinese aeroengines.!

Liu is credited with helping China’s aeroengine industry make a leap forward
in overall engine performance, greatly enhancing China’s indigenous national
defense capability. This is said to have helped China overcome the negative effects
of international technology embargoes and achieve the completely independent
development of advanced core machine technology for the first time. Liu is a
Chief Scientist for China’s 973 Program and belongs to the expert group on
aeroengines under the Central Military Commission’s Equipment Development
Department.

Wanc Harrene [EiEIE],
AVIC Chief Technical Expert and Chief Designer of Chengdu
Aircraft Design Institute

On 6 November 2018, at the 12th Airshow China,
the J-10B thrust vector technical demonstration project
made its debut. The J-10B testbed’s successful performance
of technically demanding aerial maneuvers including the Pugachev Cobra, the

Herbst maneuver and the falling leaf maneuver®® showcased China’s capabilities
in thrust vectoring control (TVC) systems. Wang Haifeng, AVIC chief technical
expert and chief designer at AVIC’s Chengdu Aircraft Design Institute [fiZ=T
Al BEER T¥ANIRIHAASERT], was the chief designer of the J-10B thrust vector technical
demonstration project.

Wang majored in flight mechanics in the guided missile department of
Northwestern Polytechnical University. He graduated in 1984 and was sent to
the Chengdu Aircraft Design Institute, where he had the immediate opportunity
to work on the development of the J-10. He returned to Northwestern Poly in
1987 and studied under Song Wencong [5R3¢32], the J-10’s lead designer. In 2000,

CHiNA's AEROENGINE INDUSTRY * A CASI MONOGRAPH

21



22

Wang was accepted into the transportation planning and management program
at Northwestern Poly’s School of Aeronautics. He earned a doctorate in 2005.%*
In addition to the J-10, Wang has also participated in the development of the
J-20 stealth fighter,> the J-10S (two-seat variant of the J-10), the FC-1 fighter
co-produced with Pakistan, various UAVs and other technical research projects.*®
Wang is a noted academic. He and Chengdu Aircraft Industry Group (CAIG)
deputy chief designer for flight control systems Yang Chaoxu along with Wang
Chengliang previously wrote a paper in 2006 on high angles of attack for advanced
fighters. It appears that some of the directions they were pursuing when writing
the article have been incorporated into CAIG-produced aircraft.”’

Having been assigned to different positions in various specialty fields over the
course of his career, Wang is said to have gained expertise in and made significant
contributions to areas such as aerodynamics, flight control, flight tests, after-
sales support, and fault prediction and aircraft health management. The models
for “Fault Prediction and Health Management System” [#EFNSEZREER
%] and “Independent Logistics Support Information System”[ B EREERRLE
Wang led the development of are said to have enabled the building of a layered
diagnostic system that allows for analysis of the aircraft as a whole to predict and
identify faults.’

In addition to the J-10B thrust vector technical demonstration project, Wang
also oversees the Turbine-Based Combined Cycle Engine flight demonstration
project, which completed a successful test in January 2019.” Wang also manages
the R&D of China’s next-generation fighter jets.®

INTERNATIONAL COOPERATION

Given the difficulties China has encountered in manufacturing modern
aeroengines, international cooperation represents a significant potential source of
assistance in overcoming those difficulties. China received some assistance in this
regard from the West during the 1970s and 1980s, but since the 1989 Tiananmen
Square incident Western countries have restricted China’s capability to acquire
technologies that have potential military applications, including turbine engine
technology. As a result, China’s principal external source for aeroengine technology
has been the countries of the former Soviet Union.
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CHiNa-Russia COOPERATION ON AEROENGINE DEVELOPMENT

Russia was instrumental in the establishment of China’s aviation industry,
including the capability to manufacture aeroengines, during the 1950s. Russia
withdrew its technical assistance in 1960, however, and since then has provided
relatively little direct technical assistance to China’s aeroengine sector, although
there have been reports in recent years of plans to collaborate in the development
of a high bypass-ratio turbofan for widebody airliners and a turboshaft engine
for heavy lift helicopters. Russia has nonetheless been an important supplier
of aeroengines for Chinese military aircraft in recent years, which has at least
provided China with the opportunity to study, and potentially reverse-engineer,
modern military aeroengines.

Russian sales of sophisticated weapons systems and components, such as
turbofans, are part of a calculated move by the Kremlin. Western sanctions levied
in response to the Ukraine crisis and other related political and economic fallout
re-incentivized Russia to deepen its ties with China. According to Russian reports,
Russian experts carried out extensive research to assess the potential threats that
closer partnership with China could involve.) Russian expert thinking converged
around the idea that China will depend increasingly less on imports from Russia,
regardless of whether Russia continues to sell weapon systems and components
over the short- to medium- term. This, coupled with a view that China will not
threaten territory in the Russian Far East, underpins the rationale behind the sale
of sophisticated Russian technology to China. Beyond the monetary benefits high
value deals bring to the Russian arms industry, these sales are an integral part of
the Russian strategy to build closer relations with China. In return, Russia seeks
Chinese political and economic support as it weathers the effects of its increasingly
strained relations with the West.®!

In addition to sales of aircraft and components and the planned cooperation
in the development and manufacturing of helicopters and the CR929 widebody
airliner, there are a large number of ongoing academic exchanges between
the Chinese and Russian aviation sectors. In 2014, for example, the Chinese
Aeronautical Establishment (CAE) [(ERZ=H#5Bt] signed a strategic cooperative
agreement with the Russian Central Aerohydrodynamic Institute [Ilearpansupiit
asporuppopuHamiyecknii mHcrutyt| establishing high level exchanges and
coordination. The two organizations hold an annual China-Russia Aviation
Technology Exchange Conference.®
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Similarly, in January 2017 a delegation from AECC’s China Aero Engine
Research Institute [FEMAKHFREE] signed a memorandum of cooperation with
Russia’s Central Institute of Aviation Motors (CIAM) [Ilenrpansasiit MacrutyT
Asnanuonnoro Motopocrpoennsi]. CIAM is Russia’s sole specialized engine
technology research center. The institute also plays a central role in Russia’s study
of hypersonic flight. Under the terms of the memorandum of cooperation, the two
sides will advance technical research, experimental equipment construction, and
aviation engine research and development. Specific areas of cooperation include
improving aeroengine health management, distributed control systems, and
aeroengine thermal management. A follow-up was set for April 2017, and both
sides planned to jointly organize an aeroengine technology development forum to

be held in Beijing later in 2017.%

CHiNA-UkKRAINE COOPERATION

Another major input to Chinese aeroengine development, one whose
importance has increased over the past decade, is China’s deep relationship
with Ukraine. Chinese companies have aggressively pursued Ukrainian engine
technology, attempting to buy the Ivchenko-Progress AI-222-25F afterburning
turbofan for trainer and light combat aircraft in 2009, and then bidding to buy
another Ukrainian aeroengine manufacturer, Motor Sich, in 2017.% Though
both deals were blocked by the Ukrainian government, Chinese investors were
eventually able to acquire a stake in Motor Sich, allowing China to establish a
direct relationship with a Ukrainian aeroengine company.®® Chinese investment
is so important to the company that the president of Motor Sich, Vyacheslav
Boguslayev, recently stated that if the relationship was cut off, he would have to
immediately “fire 10,000 people.”

In 2016, Chinese companies were licensed to produce Motor Sich’s D-136
turboshaft (the world’s most powerful helicopter engine), the MS-500V, TV3-
117VMA-SBM1V and AI-450S turboprop engines, the D-436-148FM and
D-18T high bypass-ratio turbofan engines, the D-27 counter-rotating propfan
engine, and the AI-222 series low-bypass turbofans. The D-18T high bypass ratio
turbofan engine is particularly significant, as it is used in the An-225 and An-124
strategic transport aircraft.®’

At Airshow 2018, four aircraft engines were showcased by Beijing Skyrizon
Aviation Industry Investment Co. Ltd. [ItRERFME =W HFERAE (RFMZ)]
and its subsidiary Chongging Skyrizon Aviation Power Co., Ltd. [ERRRFMZ
HhHBEMRAF] in partnership with Motor Sich, including the AI-222 turbofan,
the TV3-117VMA-SBM1V turboprop, the D-436-148FM turbofan, and the
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MS-500V-S family of turboprops. The MS-500V-S family of engines was jointly
developed, manufactured, assembled and tested by Skyrizon and Motor Sich;
the engines are reportedly very similar to the Pratt & Whitney Canada PT6A .

Skyrizon and Motor Sich developed MS-500V-S family of turboprops based on
Motor Sich’s MS-500V family of turboshafts.®®
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Part 11

Four types of aeroengine have been the highest development priority in China:
fighter jet engines, turbofans for bombers and commercial aircraft, helicopter
engines, and engines for UAVs and cruise missiles. This section describes China’s
efforts in each area.

FiguTER JET ENGINE RESEARCH AND DEsIGN

Perhaps the most significant focus of aeroengine development in China has
been the effort to produce lighter, more powerful engines for its fighter aircraft.
China has long possessed the capability to manufacture turbojets based on designs
introduced by the Soviet Union during the 1950s but has struggled to produce the
high thrust-to-weight-ratio turbofans used on modern fighter aircraft.

Challenges China’s aeroengine industry has faced include inadequate basic
research and a lack of sophisticated design and manufacturing tools. In some cases,
development efforts have not been able to keep up with shifts in China’s strategic
environment. The WP-6Z turbojet program, for example, was canceled because
the J-9 and Q-6 air superiority and ground attack aircraft it was to be installed in

were canceled due to being obsolete before they had finished development.

Engine Development Milestones

1954 First aeroengine factory built in Shenyang

1983 Taihang engine project chosen over improved WS-6
and WP-15 designs for new fighter

1984 Kunlun engine project established

1987 Taihang engine project begins R&D
1989 First Taihang live test

1991 Taihang passes first technical review

1992 Taihang engine passes first full-thrust test

2002 Kunlun engine design approved

2005 Taihang engine design finalized®’
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Even when the technology to produce a particular type of engine has been
acquired, China’s lower level of metallurgy capabilities and mastery of quality
control have often prevented it from successfully manufacturing it. The “Qinling”
[&I¥] engine used in the JH-7 aircraft, for example, is a licensed version of the
Rolls Royce Spey engine. The license was acquired in 1974, but China was not
able to actually produce these engines until 2013.

Another weakness of Chinese aeroengines has been their short service lives.
'The PLA aspires to achieve Western levels of proficiency in its pilot training.
'This requires that each aircraft be flown several hundred hours a year. Chinese-
made engines based on Soviet designs and imported Russian-made engines,
however, have very short service lives. Early versions of the Soviet-Russian AL-
31F engine, for example, which powers most of China’s J-11 and J-10 fighter
aircraft, had a time-between-overhauls (TBO)* of 300 hours, whereas Western
aeroengines typically have TBOs of 2,000 hours.” In addition, these engines can
only be rebuilt three times, so they have a total service life of only 900 hours. As
the PLA spends more time doing maritime training, moreover, considerations
like seawater corrosion may further reduce engine lifespans. Reportedly the
domestically-manufactured Taihang engine, however, has now reached a TBO
of 500 hours. This is a major improvement from its previously reported TBO of

300 hours.

Key INsTITUTES FOR FIGHTER JET ENGINE RESEARCH AND DESIGN

Two key organizations for the design, development, and production of
fighter jet engines in China are the Shenyang Engine Design Institute and
AECC Shenyang Liming Aero Engine Co., Ltd. The Shenyang Engine Design
Institute is responsible for designing aeroengines and other types of gas turbines,
while Shenyang Liming is primarily responsible for production, although it has
some degree of in-house design capability as well.

SHENYANG ENGINE DEsIGN INSTITUTE (606 INSTITUTE)
[ErE Zsh g TR 52 ]

LocaTion: Shenyang, Liaoning Province

The Shenyang Engine Design Institute, also known as the 606 Institute, is
part of AECC. It was established in 1961 and as of 2011 had a staft of more than
2,500, including 1520 engineering and technical personnel. It was the PRC’s first

aeroengine design research institute. It is a center for research and development of
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medium and large turbojet and turbofan engines as well as industrial gas turbines.
Over its history it has developed more than 10 types of turbojet and turbofan

engines including the Kunlun and Taihang.”

AECC Suenyanc Liming Aero Encine Co. L.
[FFEMATARBME RN ERREAT (EREAT) ]

LocaTtion: Shenyang, Liaoning Province

WEBsITE: http://slae.aecc.cn

Based in Shenyang’s Dandong district, Liming, a subsidiary of AECC, has a
staft of more than 12,000. While the company has its origins with Warlord Zhang
Zuolins Fengtian Armory in 1919, its modern incarnation as an aeroengine
company began in April 1954, when it was tasked with producing China's
first turbojets during the First FYP' (1953-1957).”2 Over the years it has been
responsible for repairing, copy-producing, upgrading, researching, and producing
multiple types of engines.” Liming produces both the Kunlun and the Taihang.”™

Key CoMPONENTS AND TECHNOLOGIES
'The state of jet engine research and design in China is indicated by its progress

in mastering key components and technologies for jet engine development.

TurBINE BLADES

A crucial technology for modern aeroengines lies in the light and high
temperature-resistant materials used in the manufacture of turbine blades.
Building on the foundation of aviation metallurgy built by Shi Changxu [/fig&%],™
Chinese scientists and engineers have slowly begun to overcome the immense
technological hurdles involved in their manufacture. The high temperatures and
pressures involved in modern engines make use of advanced alloys a necessity.
In March 2019, China Aviation News announced that Xu Qingyan [FEKE], a
researcher at Tsinghua University, and his team had independently developed a
unique process for modelling monocrystalline growth in nickel-based superalloys
a key technology in modern aeroengine turbine blades.”” A 2016 overview of
progress toward developing high temperature alloys by researchers from the
Aviation Key Laboratory of Science and Technology on Advanced Titanium

1 Specifically, the 156 M&E S TRHE

m  Shi Changxu received a Ph.D. from the University of Notre Dame before returning to China in 1955.
He helped pioneer metallurgical work on aeroengine turbine blades, developing advanced alloys and casting
techniques. See “ifig4,” China Academy of Sciences, [accessed June 2019]
http://www.cas.cn/ky/kjjl/gjzgkxjsj/2010gjzgkxjsj/shichangxu/grjj/201102/t20110210_3070504.shtml

CHINA AEROSPACE STUDIES INSTITUTE



Alloys [fE#HHKASMTIHREALZRE] at the Beijing Institute of Aeronautical
Materials [JbRAMEHEHAZRBR], however, made clear that while Chinese labs
understood the technical steps to make titanium alloy heat resistant, they were
still in the theoretical speculation, research, and lab test phase. The researchers
admitted that more tests and experimentation are needed to build a sufficient data
pool to move forward.

Brisk TeEcHNOLOGY

A further development of aeroengine turbine blades that has had a major
impact in reducing weight and the number of compression stages and the engine’s
overall weight are integrally bladed rotors in which the turbine blades and the
rotors they attach to are fused together into a single “bladed-disk” or “blisk” [%
#AH#]. According to Chinese sources, blisks can save more than 30 percent of
the weight that results when the components are cast separately, decrease wear
and tear, and improve efficiency.” Producing blisks, however, requires advanced
manufacturing technology.

Progress is being made in producing better blisks using advanced techniques.
The Beijing Iron and Steel Research Institute [dtRWEMTEFT] and Beihang
University, for example, have successfully produced a two-layer titanium alloy
blisk [EAL WM AEHAE S BMAME ] using laser additive manufacturing.”

FuLL Autnority Dicrtar Encine ConTroL (FADEC)

[£ARBF R EILIE]

FADEC systems improve engine performance, safety, and lifespan.
FADEC represents a major improvement over the hydraulic systems of previous
generations.”® Just as modern flight control systems must constantly adjust the
trim of an aircraft to keep it airborne, to the airflow, rate of combustion, and other
parameters of an aeroengine must be constantly tuned and altered so that the
engine will continue to run smoothly even as the aircraft’s external environment,
altitude, and attitude change.

In the West, FADEC systems first came into use in the 1980s.”” In 2003,
an indigenously-designed FADEC system developed by the AVIC Aerodynamic
Control System Institute [FATTUMZERAEHZRGEMZFT] (also known as the
614 Institute) was reported to have been accepted for use by the PLA Air Force
Equipment Department.®

FADECs are complicated by the necessity of communicating engine data
(often wirelessly) while withstanding the tremendous pressures and temperatures

generated by aero engines. Over the course of the 12th FYP and 13th FYP periods
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(2011-2015 and 2016-2020), the goal of China’s aviation industry has been to
gradually move from transitional, distributed structure B EMWIEHIRLE

FADEC: to fully distributed FADECs by improving the temperature resistance
of sensors, which must withstand temperatures in excess of 1800 degrees Celsius
while continuing to function.®!

TarusT VECTOR CONTROL

Thrust Vector Control is an emerging technology primarily used on advanced
fighter jets to give greater control and maneuverability by manipulating the direction
of thrust itself, rather than relying on flight control surfaces such as ailerons, leading
edge flaps and elevators. China’s military aviation industry has been seeking to
acquire this technology. Its progress in this area was displayed at Airshow China
2018, when a J-10B thrust vector demonstrator developed by AVIC successfully
performed “post-stall” maneuvers. At a press conference jointly held by AVIC
and AECC, Yang Wei [#f%¥], Site Manager of the J-10B Thrust Vector Technical
Demonstration Project and AVIC Vice President, asserted that China had become

one of the few countries in the world possessing this key technology.®?

SUPERCRUISE

Supercruise is sustained supersonic flight. In previous generations of
aeroengines (with a few exceptions) supersonic flight was only achievable for
short periods of time, typically through the use of afterburners. Afterburners
inject additional fuel into the engine exhaust after it exits the turbine, leading to
a large increase in thrust; however, this burns fuel rapidly. Supercruise engines,
in contrast, can produce sufficient thrust to achieve and maintain speeds in excess
of Mach 1 without the need of afterburners, reducing both fuel consumption and
stress on the engines. Two examples of engines with supercruise capability include
the F119 used in the F-22 and the AL-41F1S installed on the Sukhoi Su-35S
and Su-57. (China is believed to have acquired the non-supercruise version of the
latter with the Su-35 fighters it has imported from Russia.)

Supercruising has significant advantages for military aircraft, particularly for
mission sets that the PLA has demonstrated an interest in, such as long-range
bombing and defensive counterair operations to intercept and disrupt incoming
air strikes.® There is significant evidence to suggest that China is currently

attempting to build aeroengines capable of supercruise.
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FicuTER JET ENGINES IN PRODUCTION OR DEVELOPMENT IN CHINA
'The following are examples of engines that China has imported, and in many

cases, replicated or developed itself.

WS-19 “Huanesuan” [#LL] ENGINE
Chinese defense industries are claiming major progress in their capability to

produce modern aeroengines.

The Guizhou Aeroengine Design
Institute [SRINAIZEZBHEFZFT] (also known
as the 649 Institute) is believed to be leading
the design of a medium-thrust turbofan, the
WS-19. The WS-19 is said to have a thrust-
to-weight ratio of 11 and to produce more
than 24,000 Ibs of thrust (when afterburning,
presumably). The engine is intended for the
FC-31 medium-weight stealth fighter, which currently uses the Russian RD-
33MK. The WS-13, with a thrust-to-weight ratio of 9 and thrust of 10,000kgs,
which was also developed by the Guizhou Aeroengine Design Institute based on

an earlier version of the RD-33, was judged to be insufficient.®

AI-222-25F

The L-15 [#8] advanced fighter trainer
produced by AVIC Hongdu [FARTL#
#] uses two AI-222-25F [AM-222-250]
engines.® The AI-222-25F is a low-bypass
afterburning turbofan manufactured by
Ukraine’s Motor Sich.® An earlier version of
this engine is used on the Yakovlev Yak-130
[Ik-130] jet trainer. A recent overhaul of the engine design gave it a service life

of 3,000 hours, with maintenance at 1,500 hours, more than doubling the engine

life.®” China reportedly received a license to manufacture this engine in 2016.%

BoMBER AND COMMERCIAL AIRCRAFT ENGINE RESEARCH AND DESIGN

In addition to high-performance jet engines, another priority specified for
the Two Engines special project and other S&T development programs is high-
bypass-ratio turbofan engines [KEEHREAE]. These engines have greatly
improved efficiency compared to ordinary turbojets, making them standard on
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passenger jets and long-haul, heavy-lift transports built during the past half-
century. China’s drive to create a “Strategic Air Force” [f#§= & ], which prioritizes
acquiring a heavy bomber and strategic transport capability, also requires these

types of engines.

Mivrrtary HicH Bypass TURBOFANS

A core component of China’s “Strategic Air Force” concept is the development
of strategic transport aircraft. Although China is able to manufacture the
turboprop engines used on tactical transport aircraft such as the Y-7, Y-8, and
Y-9, high bypass-ratio turbofan engines are currently the most efficient way to
power strategic transport aircraft like the Y-20. Other military applications for
large turbofans include advanced bombers (such as the H-20 currently under
development) and future aircraft such as the Y-20U aerial refueler, civilian
Y-20F-100, and KJ-3000 AEW aircraft.

At present China is reliant on the Russian-made D-30KP-2 engine, which
is being installed on the Y-20 transport and H-6K medium bomber currently
being built in China.* Some Chinese aircraft have reportedly begun using a
domestically-built engine called the WS-18, but Russian analysts believe that the
WS-18 is simply a copy of the D-30KP-2. It is unclear if the WS-18 is intended
to replace the D-30KP-2 or if it is meant to act as a stepping stone on the way to
a more-advanced engine, the WS-20. In either case, while the development of the
WS-18 began in 2007 and flight testing began in 2015, China has continued to
purchase more D-30KP-2s. In 2016, China signed two contracts for a combined
order of 224 D-30KP-2 engines to be delivered through 2020. Upon receipt of
this order, China will have imported a total of 463 of these engines from Russia.”
At the time of the 2016 order, some Russian analysts indicated that 170 of the
224 engines were for use on the Y-20; the remaining 54 engines were slated for
China’s I1-76 and 11-78 aircraft.”

The WS-20 “Huanghe” [#:7] engine is meant to replace both the imported
D-30KP-2s and the WS-18. An article in the Journal of Aerospace Power [fiZE
H%4R] in June 2008 provided an overview of China’s progress and difficulties in
large bypass turbofans. The article stated that China’s goal for the WS-20 was to
achieve a level of efficiency and power similar to the U.S.-French CFM56, used on
narrow-body airliners, and superior to Russia's D-30KP engine.”” Some Russian
experts, however, have commented that the WS-20 would be a “weak link” in the
Y-20, citing a previous history of Chinese engines having a more limited service

life and being less reliable than Russian engines.”
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CrviLian Hicu Bypass TurBOFANS

China has been attempting to build commercially viable jetliners and
engines for them for almost 50 years. As noted above, the WS-6 project, China’s
first effort to develop a turbofan for fighter aircraft, ultimately proved to be a
dead-end and was terminated in 1986.”* During the 1970s China attempted to
develop another turbofan engine, the WS-8, which was intended to power the
Y-10 transport aircraft. The Y-10 was simply a copy of the Boeing 707 and the
WS-8 was presumably a copy of the Pratt & Whitney JT3D-3B engines that
powered it. In March 1971, the WS-8 design was declared essentially complete
and development proceeded over the next decade, with the first successful 1000-
hour endurance test in October 1977. The WS-8 was flight-tested in April 1982
on a Boeing 707. Chinese manufacturers experienced difficulties with the WS-8s
engine’s requirement for advanced precision ball bearings and extensive use of
titanium, however, and the project was ultimately cancelled.”

China’s most recent efforts to develop commercial jet aircraft include the
COMAC ARJ21 twin-engine regional jet and the COMAC C919 narrow-body
jetliner. Development of the ARJ21 began in 2003 and it began entering service
in 2015. This aircraft was intended to compete internationally with comparable
aircraft produced by Bombardier and Embraer, but all of its customers so far
have been state-owned airlines and corporations within China.”® COMAC did
not attempt to source the engines for this aircraft locally; the ARJ21 relies on
imported CF34-10A engines produced by GE.”

A subsequent project is the C919 narrow-body airliner, intended to compete
with the Boeing 737 and Airbus A320 series. This aircraft, under development
since 2008 and currently scheduled to enter service in 2021 or 2022, will initially be
equipped with CFM International Leap-1C engines. AECC Commercial Aircraft
Engine Company, however, is developing an alternative engine, the CJ-1000 [T
1000&zh#1], not only for installation on the C919, but hypothetically for 737s and
A320s as well. Entry into service for the CJ-1000 is currently targeted for 2025.%

AECC Commercial Aircraft Engine Company is reportedly also developing
a more-powerful turbofan, the AEF3500 (formerly known as the CJ-2000), that
could be used to power the Sino-Russian CR929 widebody airliner currently
under joint development. Chinese media have suggested that the AEF3500 could
enter service by around 2030.” Russian industry officials, however, have stated
that Russia and China will jointly develop an engine for the CR929, and Russian
engine maker Aviadvigatel has also been developing an engine that could power
the CR929.1° Whether the Russian and Chinese efforts will be merged or the
Chinese AEF3500 project will continue as a separate program is unclear.
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International companies’ eagerness to gain access to the Chinese market
has also resulted in a large number of joint ventures and cooperative agreements
between the aeroengine giants and AECC subsidiaries. Safran Aircraft Engines,
formerly Snecma, has set up multiple facilities in China to manufacture parts
for the CFM56 aeroengine, which is a product of CFM International, a joint
venture between Safran and GE.» Additionally, CFM has a Fleet Support Center
in Shanghai and an AOG (Aircraft on the Ground) spare parts center in Zhuhai.
CFM also joined with Air China to set up Sichuan Services Aero Engines
Maintenance Company (SSAMC), a 60/40 joint venture that performs overhauls
tor CFM56 and LEAP engines at a new maintenance and overhaul facility that
opened in Chengdu in 2018.1

In 2008 Snecma Suzhou Co. Ltd., and Messier-Dowty Suzhou Co. Ltd.,
set up Snecma Xinyi Airfoil Castings Co. Ltd., a partnership between Snecma
and Guizhou Xinyi Machinery Factory (a subsidiary of AVIC), in the Suzhou
industrial park. This casting factory makes turbine parts for CFM56-2, -3, -5A,
-5C and -7B engines.'*”

Key InsTiTUTES FOR BOMBER AND COMMERCIAL AIRCRAFT ENGINE
ResearcH aND DEsioN

AECC ComMmMmERcIAL AIRCRAFT ENGINE COMPANY
[FEMAEREME ASNERTEAT; PEMAR A, AECC CAE]
LocaTion: Shanghai

WEBSITE: http://www.acae.com.cn/

Originally created in 2009 as a subsidiary of AVIC, AVIC Commercial
Aircraft Engine Co. Ltd. was transferred to AECC in 2016 and renamed AECC

Commercial Aircraft Engine. AECC CAE is focused on commercial aeroengines

and related products.’® As such it has been the leader on R&D of the CJ-1000.1*
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HerLicorTER ENGINES

China’s helicopter R&D program began
with the duplication of the Mi-4 Soviet
helicopter, which became the Z-5 in the

1950s. While helicopter R&D essentially
languished throughout the 1960s, in the early

70s demand for capable attack helicopters to
combat Soviet tanks, and later, for search and
Z-5 Helicopter rescue (SAR) applications came to the fore.
'This coincided with the acquisition of China’s first French helicopters and the
beginning of a close ongoing relationship.

France has been Chinas most important source for helicopters and
engines.® The Z-8, Z-9, Z-11 and their derivatives are all based on designs from
Aerospatiale (now part of Airbus Helicopters), and Chinese enterprises received
licenses to manufacture Turbomeca (now Safran Helicopter Engines) Turmo and
Arriel turboshaft engines to power them. AECC has close relations with Safran,
the French maker of aeroengines and other aerospace components. AECC and
Safran have established a strategic cooperation committee and cooperate closely
on engine components and production supply chains.?

AECC displayed its first “completely indigenously” 522 B E/#] turboshaft
engine, the “Yulong” [E#] at an exhibition in 2017.1 AECC South in Zhuzhou,
Hunan, was the lead for R&D, with Yin Zeyong [FFE] as chief designer.
Development of the engine is said to have taken more than 23 years and posed
numerous technical issues, such as cracking turbine blades in 2007.1% An example
of the progress and remaining problems with Chinese turboshaft development
can be seen in the three-engine Z-8, a copy of the Aerospatiale Super Frelon
transport helicopter. Older Z-8s use the WZ-6C engine, a Chinese-made version
of the Turbomeca Turmo. The newer Z-8F, however, and civilian AC313 based
on the Z-8, use the Canadian PT6B-67A turboshaft, presumably because the
performance of the WZ-6C was inadequate.'”’

Evidence from Chinese state plans and R&D institutions indicate that
improved turboshaft engines capable of operating at high altitudes and in marine
environments are a high priority, as Chinese helicopters have seen increased

o The contours of this relationship are explored in greater depth in “Lumbering Forward, China’s Aviation
Industry” pp. 42-44.

p  Underscoring the closeness of their cooperation, AECC Chairman Cao Jiandong [&#2E] and

Safran CEO Philippe Petitcolin were both present at the first meeting of the two companies’ strategic
cooperation committee
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interest in and testing for mountain warfare and maritime roles. Both of these
mission sets impose particular challenges for engine design and capability.

MounTaIN WARFARE

In 2008 after the Wenchuan earthquake in Sichuan, civilian and military fixed
wing and rotor wing aircraft from across China were rushed to the area to assist
with the emergency response. Many commentators have since noted the severe
deficiency of capable helicopters able to operate in mountainous areas. Moreover,
the PLA needs capable helicopters for tactical movement and resupply in the
terrain of the Tibetan plateau. Current helicopters, such the Z-8 and Z-9, are
unable to operate at high enough altitudes. Recently, the Z-20, similar to the
U.S. UH-60 “Blackhawk,” has entered service.® ' This medium-lift helicopter
may help address China’s deficiency in mountain warfare-capable helicopters.
Limited information is available about the Z-20s engines at present, though there
is speculation that it will use a domestically-developed engine called the “Yulong”

[E#] or WZ-10 [/&%8-10].1

MarrTiME HELICOPTERS

'The PLA Navy has increasingly demonstrated a commitment to shipborne
antisubmarine warfare and transport applications for helicopters, equipping
most of its new destroyers and amphibious assault ships with Z-9, Z-8 or Ka-28
helicopters. More recently there has been an attempt to expand into direct attack
roles, as evidenced by the testing of Z-9Cs firing light anti-ship cruise missiles
and a series of landing tests for Z-10 attack helicopters. Effectively fulfilling
these mission sets will require much greater thrust-to-weight ratios and ease of
maintenance to deal with saltwater environments. Further evidence of this focus
on maritime roles for helicopters includes China’s apparent ongoing construction
of a Type 075 amphibious assault ship that resembles the U.S. Navy’s “Wasp” class
of landing helicopter docks (LHDs), believed to be underway at the Hudong-
Zhonghua Shipyard in Shanghai.!*
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AECC “Yulong” Turboshaft Engine
Source: http://www.stdaily.com/zhuanti01/hkfdj/2017-09/13/content_576649.shtml

Key InsTITUTES FOR HELICOPTER ENGINE RESEARCH AND DESIGN

For historical reasons dating to the Third Line Policy of the 1960s, Chinese
helicopter R&D, including helicopter engine R&D, is concentrated in Zhuzhou
[##M], Hunan province.

Hunan AviaTioNn PowerpPLANT RESEARCH INSTITUTE
[ AHMISFT] (608 INSTITUTE)
LocaTtion: Zhuzhou Hunan [#E#M]

Established in March 1968, the Hunan Aviation Powerplant Research Institute
is the primary executor of research on helicopter engines and transmissions in
China." It has played a key role in the development of many Chinese aeroengines
(including the “Yulong”) as well as gas turbines.
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UAV anp Cruise MissiLE ENGINES

Other applications for aeroengines that have received less publicity, but which
will perform important missions for the PLA in the future, are high-efliciency
small-diameter turbojet and turbofan engines for UAV's and cruise missiles."*

China apparently acquired its first such turbojet through U.S. Firebee
surveillance drones that crashed or were shot down on Chinese territory during
the 1960s and 1970s. Beihang University reverse-engineered the French/U.S.
Teledyne CAE J69 on these drones, producing the WP-11 [&Ei-11]. Beihang
has recently displayed an upgraded version, the WP-11C, as part of the “Cloud
Shadow” UAV [=#], and a “D” variant has been said to be under development.'*?
Imports and covert acquisition of Russian and Ukrainian cruise missile engines
have also played an important role.

China also appears to have benefited from Soviet/Russian small turbofan
designs. Russian experts have noted that China’s CJ-10A cruise missile appears to
be a copy of the Russian Kh-55.1% Some stocks of Kh-55 cruise missiles intended
for destruction or sale to Russia after the breakup of the Soviet Union appear
to have been sold to other countries. Accounting discrepancies in the reporting
from Ukraine have raised questions as to whether all the missiles were indeed
transferred to Russia or liquidated. Information that has come to light in the years
following the deal indicates that this was not the case. It is believed that up to 18
Kh-55 missiles were transferred abroad to China and Iran.!* If this is accurate,
the engines in the Kh-55 missiles that China received would be R95-300 engines
produced by Motor Sich. This was the engine of choice for Soviet-produced
variants, and Ukraine’s Kh-55s were produced during the Soviet era.

Ukraine’s Motor Sich has recently developed the MS400 engine, which is
comparable to the R95-300 engines on the Kh-55."° Development of the MS400
has given Motor Sich an engine that it has the rights to sell abroad. This was
essential, as 90% of the components for the R95-300 were produced by Russian
defense enterprises, and Russia has developed its own engine, the TRDD-50, for
installation on newly-made Kh-55s and their derivatives, depriving Motor Sich
of its top customer.''®

A Russian military expert associated with the Center for Analysis of Strategies
and Technologies (CAST) has published a report indicating that Motor Sich sold

China’s Poly Technologies several MS400 engines, transferred in small batches in

r Note: some information regarding these programs will be presented in greater depth in subsequent
publications in this series, focusing on Missiles and Guidance Systems, hypersonic systems, and persistent
CA4ISR projects.

s For an excellent study of China’s cruise missiles and relevant organizations involved in R&D, see Dennis
M. Gormley, Andrew S. Erickson, and Jingdong Yuan, A Low-Visibility Force Multiplier Assessing China’s
Cruise Missile Ambitions, NDU Press, 2014.
https://inss.ndu.edu/Portals/68/Documents/Books/force-multiplier.pdf
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2003, 2004, and 2007.'7 Other reports have also suggested that the engines on
China’s CJ-10As are based on the MS400.8

Key INsTiTUTES FOR UAV AND CRUISE MissiLE ENGINE RESEARCH

AND DESIGN

Major organizations involved in micro or small acroengine [UNEAIZRED
#] R&D include the Institute of Engineering Thermophysics of the Chinese
Academy of Sciences [FHERIZ i TRHWEMZTFT], Hunan Aviation Powerplant
Research Institute (608 Institute), the Third Academy of China Aerospace Science
and Industry Corporation (CASIC), [FEMX TEHFE =#H5bt], and the China
Gas Turbine Establishment [(FEMRS R

UAVs

The number of UAVs produced by Chinese defense companies large and
small has exploded in recent years. Several Chinese companies including Norinco
and CAIG have produced traditional reconnaissance UAV's following the United
States’ Predator/MQ-1 UAV format. The “Yilong” [##] I was the first Chinese
UAV to use a turboprop engine.”” As China seeks to acquire high performance
HALE UAVs (covered in a later case study), it will need to develop lighter, more
tuel-efficient engines capable of greater performance in low-oxygen environments.
An example of one of the companies working in this sector is Star UAV System

Co. Ltd [BBEEANRLGHRAF].

Star UAV System Co. Ltp
[BBETANBRGERRT])
Locarion: Shuangliu District, Chengdu, Sichuan Province [PH9)11& & HXCRX |

WEBSITE: http://www.staruas.com/

Star UAV first came to attention when it tested the AT200 Air Truck, a
modified utility aircraft touted as an unmanned transport UAV. The UAV is based
on the P750XL aircraft, produced by Pacific Aerospace, Ltd., of New Zealand,
whose long range (2000km) and short-takeoft and landing (STOL) capability
make it possible to deliver supplies to remote bases, including China's occupied
reefs in the South China Sea.”® The Institute of Engineering Thermophysics of
the Chinese Academy of Sciences, which has been a major collaborator with
CIAM, also participated in the AT-200’s development.'?!
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Cruise MissILES

Many cruise missiles use small turbofans for propulsion due to their high
efficiency, allowing them to fly at lower altitudes and much greater distances than
their solid or liquid fueled counterparts. While details are scant compared to
other engine projects, it is clear that China has had success copying American and
Russian-Ukrainian turbojets and turbofans.

In 2018 a special test facility was set up to help accelerate the development
of small and medium-sized aeroengines in Zhuzhou, the center of R&D for
turbojets and turbofans for use in cruise missiles.'*?

Jiuzuar [A1ZE] SmaLL TurBOFAN

The AECC Sichuan Gas Turbine
Research Institute displayed a supercharged
turbofan suitable for UAV's and cruise missiles
first at Airshow 2012 and then again at the
Entrepreneurship Expo in 2017.%

He Yuwei [fEf£], a designer at the
institute, told reporters at the 2017 exhibition
that with 1000kg of thrust, the “Jiuzhai” [/

%] matched and in some cases exceeded the performance of equivalent American

engines. The same article also speculated that the engine could be used on high
altitude UAVs or in the next generation of YJ-62 ASMs.'**

The “Jiuzhai” turbofan completed its first flight test in October 2017. It was
designed and built by CASIC’s Third Academy [FESIAF T =Bt]. The Institute
of Engineering Thermophysics and Beihang University are also thought to have
participated in the R&D.
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CONCLUSION

In an interview, AVIC chief technology expert Wang Haifeng stated that
the demands of China’s situation are forcing aviation companies to “significantly
shorten model development cycles and reduce the cost of R&D while, at the same
time, [building aircraft] capable of responding to capable enemies.”* The speed
at which China has rolled out new aircraft and made notable achievements, such
as the thrust-vectoring-capable J-10 on display in Zhuhai in 2018, are clear marks
of progress in aeroengine development and lend credence to Wang’s assertion.

However, it is important to note that aeroengine complexity does not increase
linearly: a new engine or even a new variant may, in fact, be many times more
complex than the previous one and may require many times more-precise tolerances
or numbers of hours of simulation. Thus, while China’s acroengine industry has
made significant progress, further progress will likely require increasing levels of

effort and inputs of resources.
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