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workshops, functional departments, and subsidiary companies. 
● An article detailing Factory 211’s work on the LM-2F for example emphasized increasing quality control 

and use of digital or automated techniques in production.243

● CASIC 4th Academy 

o Nanjing Chenguang Group Corporation [晨光集团] / Factory 307 [307厂] was responsible for 
fi nal assembly of the JL-1 and DF-21A and appears to be involved in the production of the DF-21C 
and D variants. 

● Another possible assembly facility was built in Nanjing’s Jiangning District [江宁区] in the early 2000s. 
244 It roughly doubled in size between 2007 and 2010 and underwent further signifi cant expansion during 
2018. 

Another facility under CASIC that appears to be involved in the fi nal assembly of missiles is “Changyang 
Aerospace City” [长阳航天城].  In 2013 CASIC established the “City” in Changyang, Fangshan District, Beijing 
[北京房山区长阳].245 Separately, FAS researcher Hans M. Kristensen has identifi ed a facility in the same area as 
involved in the completion of DF-26 missiles, support vehicles. In the case of the DF-26, the chassis is produced 
elsewhere so this likely involves connecting the missile and chassis as well as the production of other associated 
systems.246  Work appears to have begun sometime in 2004 
and proceeded through roughly 2012 when the fi rst phase 
was complete. A second phase of expansion began in 2013, 
absorbing a former radar test area to the east. As of August 
2020, the expanded facility now covers an area of over four 
square kilometers. 

Notably, another company with large-scale facilities 
in the area, Beijing Anlong Technology Group [北京安
龙科技集团], signed a strategic cooperation agreement 
with CASIC 4th Academy 4th Department in December 
2018.247 Beijing Anlong Technology group [北京安龙科
技集团有限公司] is involved in research and production 
of equipment for the PLA, and People’s Armed Police 
(PAP), and Ministry of Public Security.248 The facility is 
located just south of CASC 6th Academy’s 101st RI.

elsewhere so this likely involves connecting the missile and chassis as well as the production of other associated 

CNC machines at Factory 211
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Conclusion

Since 2000, China has significantly increased the size of its ballistic missile forces. Looking ahead, given 
its strategic environment, the PRC leadership’s focus on improving its nuclear deterrent and long-range strike 
capabilities will likely continue to drive the development of mobile ballistic missiles. 

While the structure of the industry supporting that expansion has been re-arranged, it remains largely the 
same as even 40 years ago. Multiple rounds of reorganization have consolidated “silos of expertise” and greater 
consolidation is likely. From a technical standpoint, there is a clear trend of steady improvements. Superior 
design tools and manufacturing techniques that were less available through the mid-2010s appear to have been 
more thoroughly adopted in the past five years. Since the early 2010s, the size of manufacturing facilities has 
expanded and the techniques needed to produce large-scale rocket bodies or solid-rocket motors appear to have 
made breakthroughs. 

While the Chinese ballistic missile industry has significantly modernized over the past twenty years, the rapid 
tempo of testing there appears to have shown incremental and iterative progress rather than radical breakthroughs. 
Advancements touted by Chinese media remain primarily significant in a Chinese context, and, likely, China is 
actually falling behind its competitors in terms of overall rocket development. We echo the conclusions of the 
2005 RAND study in noting that the ballistic missile industry remains a mixed picture and it is clear that structural 
and technical limitations remain. China’s ongoing economic transformation will pose significant challenges for 
the manufacturing industry which is racing to improve automation but also facing talent attraction and retention 
problems. In the past two decades, multiple technical bottlenecks appear to have held up the development of new 
systems until the acquisition of foreign technology allowed a breakthrough. 

However, despite the remaining problems, the overall increase in capability and production capacity may 
be sufficient for China’s defense needs going into the next decade and will continue to improve its overall 
conventional and nuclear capabilities.  
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Appendix 1: Profiles of the “Small Core”

CASC 1st Academy

Academy Name Headquarters Core Competency Missiles Developed

CASC 1st 
Academy

China Academy of Launch 
Vehicle Technology (CALT)
[中国运载火箭技术研究院]

Beijing Lead system integrator, 
Launch vehicles, ballistic 
missiles

DF-4
DF-5
DF-5B
DF-41
DF-15 SRBM
DF-31/DF-31A ICBM
DF-31AG
JL-2 SLBM
JL-3* SLBM
DF-26
DF-41

Originally established in 1957 as the First Sub Academy under the Fifth Academy of the Ministry of National 
Defense, China Academy of Launch Vehicle Technology (CALT), also known as the CASC 1st Academy, was 
the birthplace of China’s aerospace industry. It was approved to be the PLA’s prime contractor for all tactical 
surface-to-surface ballistic missiles in May 1984 and remains the nation’s sole provider of nuclear ICBMs.249 
It is responsible for R&D of the DF-15, DF-31, JL-2, DF-26, and DF-41. CALT has served as the lead systems 
integrator for six of the eight systems and/or variants outlined above. It cooperates with CASC 8th Academy on 
ICBMs.

On the civilian side, it is most well known as the developer and manufacturer of the Long March family of 
rockets.

According to its official website, CALT is comprised of 22 departments, 13 subsidiaries, multiple wholly-
owned companies, and holding companies. It covers an area of ~1,981 acres and a gross floor area of about 2.2 
million square meters and employs 33,000 people. It is headquartered in the Nanyuan Residential District in 

Long March (aka CZ) Rockets developed by CALT
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Beijing’s Fengtai District and operates three production bases [产品基地], a comprehensive base [综合基地] 
in Gu’an, Hebei [河北固安], as well as several industrial bases promoting Military-Civil Fusion and aerospace 
technology commercialization. 

CALT described itself as a major practitioner of the Military-Civil Fusion development strategy and its website 
kept a running record of its cooperation programs with civilian entities—universities, research institutions, 
enterprises, local governments within China and abroad.250 

CALT is headquartered in Beijing’s Fengtai District [丰台区], where a great number of players in China’s 
defense industrial base are clustered including the CASIC 3rd Academy. According to a Beijing Daily article from 
June 2017, this area is home to 27 defense S&T research institutes, 125 state key labs, and over 30,000 advanced 
S&T research equipment.251 Together these organizations employ 26 academicians and 70,000 R&D personnel, 
making it a “military-civil fusion innovation highland” [军民融合创新高地].252
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CASC 4th Academy

Academy Name Alternate Name Headquarters Core Competency

CASC 4th 
Academy

Academy of 
Aerospace 
Solid Propulsion 
Technology (AASPT)
[航天动力技术
研究院]

Shaanxi Aerospace 
Science and 
Technology Corporation
[陕西航天科技集团有限
公司]

Xi’an
[西安] Large solid rocket motors

CASC 4th Academy is China’s largest developer of solid rocket motors, responsible for the development, 
production, and testing of solid rocket motors for launch vehicles, strategic and tactical missiles, satellites, and 
manned spacecraft. It also takes on pre-research tasks for some of China’s largest R&D megaprojects. 

What would later become CASC 4th Academy began as the Defense Ministry’s Fifth Academy’s Solid Engine 
Research Institute [国防部五院固体发动机研究所] created in Luzhou [泸州], Sichuan Province in July 1962. In 
1965, it was moved to Hohhot, the capital of Inner Mongolia, and became known as the Fourth Academy of the 
Seventh Ministry. In November 1966, the Fourth Academy began R&D on the third-stage solid rocket engine to 
be used on the Long March 1 that sent China’s first man-made satellite, the “Dongfanghong-1” into orbit. In the 
1970s, as part of the Third Front Movement, a decision was made to relocate the majority of the key equipment 
and R&D workforce to Lantian County, Xi’an, Shaanxi Province, the new Fourth Academy headquarters with the 
new designation Base 063. What was left of the Hohhot establishment was labeled the Fourth Academy’s Inner 
Mongolia Headquarters [四院驻内蒙古指挥部], and remained a CASC 4th Academy subsidiary until 2002, when 
it was spun off from CASC and re-established itself as the CASIC 6th Academy. 

According to data from 2019, CASC 4th Academy has a workforce size of more than 12,000 employees spread 
across six research institutes, two production plants, and 18 subsidiary companies that primarily produce civilian 
products.253 It largely operates out of Xi’an, Shaanxi province, with a few satellite facilities in Hubei and Jiangsu 
provinces. AASPT and Northwestern Polytechnical University (NWPU), an MIIT affiliated university with a 
strong defense research focus that is also located in Xi’an, are close collaborators. AASPT and NWPU jointly 
built the Key Laboratory for Combustion, Thermal Structure and Internal Flow [燃烧、热结构与内流场重点实
验室], the only national key laboratory in the field of solid rocket propulsion in China.254 

Since its inception, the 4th Academy has developed over 100 types of solid rocket engines. AASPT describes 
its core competitiveness as centering on the research and development of advanced technologies such as rocket 
propulsion, polymer chemistry, explosives, and non-metallic composite materials. 
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CASC 6th Academy

Academy Name Alternate Name Headquarters Core Competency

CASC 6th 
Academy

Academy of Aerospace 
Propulsion Technology (AALPT)
[航天推进技术研究院]

Base 067 Xi’an
西安

Liquid propulsion systems

CASC Sixth Academy traces its roots to the establishment of Base 067 in the Qinling Mountains west of Xi’an 
in 1968 by the First Sub Academy as part of the Third Front Movement. 

Base 067, located in Fengzhou Town, Feng County, Baoji City, Shaanxi Province [陕西省宝鸡市凤县凤州
镇], was the only aerospace liquid-fuel propulsion research and development base during China’s Third Front 
construction period.255 In June 1969, Base 067 was completed and put into operation, becoming the first Third 
Front base of China’s aerospace system. In 1993, Base 067 was moved to Xi’an and officially renamed the Sixth 
Academy of CASC [航天科技集团六院] in 2001.

Its current form, the Academy of Aerospace Propulsion Technology, was created in 2008 as part of a 
reorganization within CASC that consolidated China’s R&D workforces for liquid-fueled propulsion systems 
located in Xi’an, Beijing, and Shanghai. When it comes to space liquid-fueled propulsion technologies, the Sixth 
Academy is the only research institute in China capable of integrating the research, design, production, and testing 
of launch vehicle main propulsion systems thrust vectoring, divert and attitude control systems, and space flight 
vehicle propulsion systems.

Headquartered in Xi’an, the Sixth Academy employs around 17,000 people in its subsidiaries, out of which 
seven are based in Xi’an, two in Beijing, one in Shanghai, and one in Wuhan. The Sixth Academy is home to 
Asia’s largest liquid rocket engine test stand [液体火箭发动机试车台] and largest turbopump performance 
laboratory [泵性能试验室], as well as China’s only basic theory research office [国内唯一的基础理论研究室], 
and the only liquid propellant research center [液体推进剂研究中心]. It also established China’s first cryogenic 
technology research center [低温技术研究中心], a national-level scientific research infrastructure.
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CASIC 4th Academy

Academy Name Alternate Names Headquarters Core Competency Missiles De-
veloped

(New) 
CASIC 4th 
Academy

CASIC Academy 
of Launch 
Technology
[航天科工运载技
术研究院]

China Space Sanjiang Group
[中国航天三江集团公司];
Formerly
Base 066

Wuhan
[武汉]

Tactical ballistic 
missile system 
integrator

DF-11256

DF-16*
JL-1/DF-21

The current form of CASIC’s 4th Academy—often referred to as the “new 4th Academy” [新四院] or China 
Space Sanjiang—was created out of a merger that took place in December 2011 that reorganized and consolidated 
the former CASIC 4th Academy, which specialized in the development, and manufacturing of solid-fuel missiles, 
including the JL-1/DF-21,257 and the former CASIC 9th Academy (also known as Base 066), a producer of ballistic 
missile systems such as the DF-11 series.258

The former 4th Academy was created in July 2002, when CASIC pulled together the various organizations 
under China Aerospace Corporation that have been responsible for the R&D and production of the JL-1/DF-
21 missile and created the new CASIC 4th Academy. The CASIC 4th Academy absorbed, among others, the 
following key institutions located in Beijing and Nanjing:

	● Former Fourth Sub Academy’s Fourth Overall Design Department [第四总体设计部], the unit responsible 
for the overall design of the JL-1 missile. 

	● The 17th Research Institute, or Beijing Institute of Control Electronic Technology [北京控制与电子技术
研究所], that specializes in the overall design of control systems and precision-guidance technologies.259 
The 17th RI was originally created in 1968 under the First sub-Academy and stayed a First Academy 
subsidiary until the 1980s when it was resubordinated under the Second Academy.260 

	● Command Automation Technology R&D and Application Center [指挥自动化技术研发与应用中心], or 
401st RI [401所];

	● At least three entities belonging to the Nanjing Chenguang Group Corporation [晨光集团] headquartered 
in Nanjing, Jiangsu Province:

o	 A missile general assembly and testing factory also known as Factory 307  [307厂] or Nanjing 
Chenguang Factory, which traces its history back to the Jinling Machinery Bureau [金陵机器制
造局] established in 1865;

o	 A large comprehensive equipment manufacturing enterprise called Aerosun Corporation [航天晨
光股份有限公司];

o	 Nanjing Chenguang Hi-tech Venture Capital Co., Ltd. [南京晨光投资高科投资有限公司].
The former 9th Academy traces its history back to Base 066, a defense industrial base built by the Third Sub 

Academy in the 1960s in Yuan’an County, Xiaogan, Hubei Province. In the mid-1980s, Base 066 started research 
and development of the M-11/DF-11 SRBM, and in the late 1980s, it was split off from the Third Academy as an 
independent missile research and industrial complex.261  

The new CASIC 4th Academy was established in Wuhan, Hubei Province, with total assets of 50 billion yuan, 
approximately 18,000 employees, and 32 member units. It operates out of Wuhan, Xiaogan [孝感], and Yuan’an 
County [远安县] in Hubei Province, as well as Beijing, Nanjing, and Chengdu. Research facilities housed 
under the Fourth Academy include one national-level enterprise technology center [国家级企业技术中心], 14 
provincial-level enterprise technology centers [省级企业技术中心], one national-level engineering laboratory [
国家级工程实验室], one national-level engineering research center [国家级工程研究中心], 13 provincial and 
ministerial key laboratories and engineering research centers, three academician expert workstations, and three 
post-doctoral research workstations. It has won more than 800 scientific and technological progress awards at or 
above the provincial and ministerial level and has more than 3,000 valid authorized patents.
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CASIC 6th Academy

Academy Name Alternate Names Headquarters Core Competency

CASIC 6th 
Academy

Academy of Propulsion 
Technology
[航天科工动力技术研究院]

Hexi Machinery 
Corporation
[中国河西化工机械公司]

Baotou
[包头]

Tactical solid rocket 
motors

The CASIC 6th Academy was created in 2002 by spinning off CASC 4th Academy’s solid rocket motor 
research establishment in Hohhot. In addition to contributions to the Dongfanghong satellite program, the 6th 
Academy is known for the development of the 1.4-meter diameter solid rocket motors used in the JL-1 SLBM /
DF-21 MRBM.262

The 6th Academy now has China’s largest comprehensive testing facilities for solid-fuel engines, allowing 
new generations of large-scale solid fuel engines [大推力大型全尺寸固体发动机] to be tested. It is a provider 
of various equipment and systems for solid-propulsion engines for strategic and tactical missiles and space launch 
vehicles.263
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Appendix 2: Chinese Ballistic Missiles – Definitions and 
Key Facts 

Chinese Definitions of Missile Types and Ranges264

English Chinese Range (km)
Short-range missile 近程导弹 <1000
Medium-range missile 中程导弹 1000-5000
Intermediate-long-range missile 中远程导弹 1500-5500
Long-range missile 远程导弹 5000-8000
Intercontinental missile 洲际导弹 >8000

Name* Launch Prep
Time (minutes)

Estimated CEP
(meters)

No. /Brigade or 
Submarine

No. of 
Units

Total 
launchers

Total
missiles†

DF-3 120-150 1000-4000 10 – – –
DF-4 60-120 1400-3500 10 1 – –
DF-5 30-60 800-500 6 3 18 18
DF-10 30 15 – 2 – –
DF-11 30 600 (2004); 200 10 2 20 80-120
DF-15 30 200-300 10 2 20 80-120
DF-15A – 30-45 10 – – –
DF-16 10-15 – – – – –
DF-17 – – – 1  – –
DF-21 10-15 100-300 10 6 60 200+
DF-26 – – – – – –
DF-31 10-15+ 5-10 8-10 7 56-70 32+
DF-41 – – – 1 – 16+
JL-1 30 1500-2000 12 – – –
JL-2 30 300-500 12 4 4 48

*Red indicates retired   |   †4-6 reloads are assumed for conventional ballistic missiles | – Unknown or N/A
Sources: Janes Strategic Weapons 2004, 2011; Lewis and Hua (1999); IISS, 2019; DOD Report to Congress, 2020. 
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Appendix 3: Estimated Numbers of Missiles and 
Operational Brigades  

Name No. /unit*
No. of 
Units
(2020)

Total 
launchers

Total 
missiles†

DOD Estimates

2019 2020

SR
B

M DF-11 10 2 20 80-120
250/750-1500 250/600+DF-15 10 2 20 80-120

DF-16 – 2 – –

M
R

B
M

DF-21 10 6 60 240-360 150/150-450 150/150+

IR
B

M

DF-26 12 4+ 48? 80/80-160 200/200+

IC
B

M DF-5 6 3 18 18
90/90 100/100

DF-31 8-10 7 56-70 56-70
This chart uses two major assumptions: 1. (*) That the number of missiles (and thus launchers) per unit is correct 
and 2. (†) That there are 4-6 reloads for conventional (non-ICBM) ballistic missiles. DF-26s have been shown 
reloading in December 2018 so there should be at least be one additional reload. Note: ICBM estimates do not 
include JL-2. Source: Annual Report to Congress: Military and Security Developments Involving the People’s 
Republic of China, Office of the Secretary of Defense, 2019; 2020.
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PLA Rocket Forces Brigades by Assigned Missile Type
Type Total Type No. Brigade Number and Variant Type

N
uc

le
ar

16

DF-4 1 662
DF-5 3 631 (B), 633 (A), 661 (B)
DF-21A 3 611, 612, 651

DF-31 8 622 (A), 632 (AG), 641, 642 (AG), 643 (A/AG), 652, 
663 (A), 664 (AG)

DF-41 1 644
JL-2 - Four active Jin-class submarines each with 12 launch tubes

C
on

ve
nt

io
na

l

9

DF-10* 2 623 (A), 635
DF-11 2 614, 615 (A)
DF-15 2 613 (B), 616 (A/B/C)
DF-16 2 617 (A), 636 (A)
DF-17 1 627

10 DF-21 3 624 (D), 653 (D)
Dual 6 DF-26 6 621, 625, 626, 646, 654, 666
U/I 6 U/I 6 634, 645, 647, 655, 656, 665
Total No. of Operational Brigades: 40
*: Ground Launched Cruise Missile Source: BluePath Labs analysis October 2020
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Appendix 4: Chinese Ballistic Missile & Rocket Designers

As highlighted in Section 1, CASC’s 1st Academy (CALT) and its 1st Design Bureau have led work on the vast 
majority of Chinese ballistic missiles and space launch vehicles (see inset chart).  While CASC has traditionally 
focused on liquid-fueled missiles and space launch vehicles, CALT’s 1st Design Bureau appears to have taken on 
much more involvement in recent generations of solid-fueled missiles as well. 

* Chief designer [总设计师] xx †  Deputy Chief Designer [副总设计师]
Designer Program Affiliation
Qi Faren265 戚发轫 DF-1 (copy of Soviet R-2), SZ-series* CALT
Qian Xuesen 钱学森 DF-3* CALT
Tu Shou’e 屠守锷 DF-2, DF-3, DF-5*, LM-2 CALT
Liang Sili266 梁思礼 DF-2A, DF-5†, LM-2 CALT
Wang Zhenhua267 王振华 DF-11 CASIC 4th 
Liu Baoyong 刘宝镛 DF-31* CALT 1st Design Dept.
Wang Yongzhi268 王永志 DF-5, DF-15, DF-31, SZ-5, SZ-6 CALT
Hou Shiming 侯世明 JL-1† CASIC 4th

Huang Weilu 黄纬禄 JL-1/DF-21* CASIC 4th 
Zhu Xuejun269 祝学军 U/I boost-glide tactical ballistic missile CALT
Zhang Zhi 张智 LM-2F* CALT
Jing Muchun 荆木春 LM-2F† CALT 
Long Donghao 龙东豪 LM-3A* CALT
Jiang Jie 姜杰 LM-3A* CALT
Wang Weibin 王维彬 LM-5† CALT
Li Dong 李东 LM-5B* CALT
Cheng Tangming 程堂明 LM-7† CALT
Peng Kunya 彭昆雅 LM-11* CALT
Guan Hongren 管洪仁 LM-11† CALT

xx	 In the Chinese industrial system, the lead or chief designer [总设计师] is in charge of project coordination and design 
work, and is supported by several Deputy Chief Designer [副总设计师] which may support design work or be involved 
in leading work on a subsystem such as propulsion or guidance. 
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Chinese Nuclear Weapons and Warhead Designers
Deng Jiaxian  邓稼先 Father of China’s nuclear weapons program

Feng Yufang270 冯煜芳
Chinese Academy of Engineering Academician and researcher at the Rocket Force 
Research Institute involved in work on several unidentified nuclear warheads.  

Huang Chunping 黄春平
He participated in the development of five types of nuclear warheads as well 
as multiple conventional types, serving as a chief director [总指挥]. Other work 
included contributions to the LM-3, LM-2E [长征-二戊], and LM-2F [长征-二已]. 

Li Xu’e 李绪鄂
Worked on U/I ICBM JL-1 SLBM warhead; led research on miniaturized warheads 
for ballistic missiles and SLBMs

Liu Lianyuan 刘连元 
Warhead systems designer responsible for multiple warhead designs. He was 
deputy head of 1st Academy’s (CALT) 14th Institute and Academician of the Chinese 
Academy of Engineering (CAE).271

Yu Min 于敏 Lead nuclear weapon designer in the Ninth Academy
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