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The link between space launchers and
ballistic missiles, in connection with the risk
of ballistic proliferation, is a recurring theme
that has become more acute in recent years.
The number of small launcher projects and
programmes has grown dramatically, and
many countries now have the industrial
capacity to develop the required
technologies.

This paper observes that small launcher
programmes have increased sharply in recent
year. The question of the potential
transformation of these vehicles into military
delivery systems has arisen on numerous
occasions, as manufacturers are increasingly
gaining mastery of the technologies
necessary for the development of small
launchers. However, to date, there is no
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known case of a small launcher having been
converted into a ballistic missile, not even in
North Korea or Iran. Nonetheless, there are
many similarities between launchers and
ballistic missiles, especially in technical
terms. Past examples of FOBS programmes
demonstrate that it is possible to plan, from
the initial design stage, for a core technology
common to small launchers and ballistic
missiles.  Additionally, suborbital flights,
clearly show that space launchers can adopt
a ballistic flight trajectory if necessary. This is
the best proof that a launcher can be
converted into a ballistic missile, even if the
differences between the two types of
vehicles remain significant, preventing a
simple and complete transfer from one
spacecraft to the other.

While the small launcher landscape is in rapid
evolution, a few programmes are likely to
prove sustainable in the long run, justifying
putting regarding closely developments,
technological  progress, and industrial
capabilities in the countries concerned, as
well as those that do not yet have long-range
missiles or space launchers.
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OBJECTIVES AND
STRUCTURE OF
THIS STUDY

The question of the link between space
launchers and ballistic missiles, in connection
with the risk of ballistic proliferation, is a
recurring theme that has become more
acute in recent years owing to the
considerable increase in the number of small
launchers. The number of small launcher
projects and programmes has grown
dramatically, and many countries now have
the industrial capacity to develop the
required technologies, giving them potential
or actual access to space. The format of
these small launchers, comparable to that of
long-range ballistic missiles, makes the issue
even more concerning. The question
therefore  arises of whether these
developments in launcher technologies
could potentially be linked to the possibility
of deriving ballistic missiles from small
launchers—missiles which, moreover, would
be intercontinental in range.

This study sets out from four observations:

1. Access to space is undergoing major
transformations: in recent years, the
number of space launchers, as well as
the number of satellites, has grown
considerably, and this trend s
measurable. Barriers to entry for launch
have been lowered by the emergence of
numerous satellite constellation
programmes, and demand for launches
and reduction in the size of satellites
have prompted a large number of
private initiatives to set up launcher
programmes, contributing to the so-
called New Space race. It is therefore
useful to clarify what role small
launchers are playing in this context.

2. Space launchers and ballistic missiles
apparently have a great deal in common.
We therefore need to explore in more
detail the similarities and differences
between these two types of delivery
systems, both of which provide access to
space, in order to identify more precisely
the areas in which there may be
complementarities.

3. In examining the links between
launchers and missiles, we find that the

cases we can identify mainly involve the
conversion of missiles into launchers,
and rarely the other way around.
However, it is necessary to make sure we
have up-to-date information on this
subject.

4. This raises the question of whether we
should have any worries for the future,
given that the past shows that fears
around the risk of proliferation have not
been borne out. It is therefore
important, before arriving at any
conclusions, to examine a number of
case studies of certain countries, as well
as different approaches to this question.

Definitions

Names for the different categories of small
launchers according to their performance in
terms of payload mass: a small launcher is
generally defined as one capable of placing a
payload of less than 2,000 kg into low Earth
orbit (LEO), but there exist other categories
that differentiate various types of small
launchers in terms of payload mass at launch:

Nano-launcher: O- 10 kg
Micro-launcher: 11-100 kg
Mini-launcher: 107-500 kg
Small launcher: 501-2000 kg

X
X
X
X
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THE TRANS-
FORMATION OF
ACCESS TO
SPACE

KEY INDICATORS

Space launches around the world have gone
through several periods involving regular
fluctuations in the number of missions, both
successful and unsuccessful. Figures for the
end of 2022 highlight these different periods
(figure 1).

Overall, the figures show:

1 A steady increase in space launches by
the United States (US) and the USSR in
the 1960s, at the start of the space race.

1 A period from the mid-1960s to 1990
during which the US and the USSR
launched a large number of military
satellites at the height of the Cold War, in

particular  to put  short-lifespan

reconnaissance satellites into orbit.

A fall in the number of launches in the

1990s, partly owing to the break-up of the

USSR, and which continued until the mid-

2000s.

1 A gradual increase from the mid-2000s
onwards, which has become more
marked since 2017 because of two
unrelated factors: the significant share of
these launches represented by SpaceX'’s
launcher and satellite activities, and the
growing power of China.

=

Whereas up until the 2010s the total number
of space launchers in the world, taking all
countries into account, included only a few
dozen different models, since then the
number of models has exploded. Including
early concepts, projects, devices in
development, and operational launcher
programmes, there are now several hundred
programmes, most of which are for small
launchers. This is partly owing to the
proliferation of small satellites and the
diversity of satellite constellation
programmes, with the almost exponential
growth in the number of constellations
satellites fuelling demand for more and more
small launchers.
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Figure 1: Increase in the number of space launches between 1957 and 2022
modified by C.

7 '2022 Orbital Launches Year in Review,” BryceTech, 6
February 2023,  https://brycetech.com/reports/report-
documents/Orbital Launches Year in Review 2022.pdf

(including successes, semi-failures, and failures) (Credit: BryceTech,
Maire)
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Figure 2: Changes between 2018 and 2022 according to three parameters: total number of satellites in orbit, number of satellites
successfully placed in orbit, and number of successful launches (Credit: C. Maire)

A closer look at activity over the last four
years shows this exponential growth (figure
2).

A number of converging factors go towards
explaining the very clear trends shown in the
graph above. On the one hand, the
programmes developed by SpaceX have
reached maturity, starting with the Falcon 9
launcher, whose many different models seem
to have come to a standstill with the Block 5
version. With sixty launches in 2022, this
launcher alone accounts for a third of all
launches worldwide. On the other hand, the
Starlink satellites have been a driver for
launches and the number of satellites in
orbit. They have also paved the way for other
competing constellations by demonstrating
the feasibility of such a solution, primarily for
internet-related applications. Finally,
competition has intensified between
Washington and Beijing, leading to the
emergence in China of a large number of new
launcher programmes accompanied by a
significant increase in the number of
launches and plans for satellite constellations
that are set to result in numerous injections
into orbit over the next few years.

In 2023, there has been 222 launches
(including successful and failed launches). Of
these launches, ninety-one were Falcon 9
flights and five Falcon Heavy, increasing
SpaceX's share to more than 43 percent.

LAUNCH METHODS
SMALL SATELLITES

FOR

In order to better understand the arrival onto
the market of so many small launchers, we
need to first make a general distinction
between the five available methods for
putting satellites into orbit, four of which
apply in the case of small satellites (figure 3):

1. Launching a large satellite. In this case, a
medium or heavy launcher will be used,
depending on the mass of the satellite
and the type of orbit targeted.

2. Piggyback launches of one or more small
satellites to accompany the launch of a
large satellite. This type of launch places
constraints upon the small satellites
because the launch date depends upon
the availability of the main large satellite.
Until it is integrated on the launcher, the
launch cannot take place, and the launch
will take place as soon as it is so
integrated, whether or not the small
satellites have arrived.
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Figure 3: Terminology for different satellite launch methods (Credit: Roland Berger, modified by C. Maire)

3. The launch of a large number of small
satellites on a medium or large launcher.
This type of rideshare launch enables a
number of small satellites to be put into
orbit, sometimes more than a hundred in
total.

4. The dedicated launch of a small satellite
on a small launcher.

5. The rideshare launch of several small
satellites on a small launcher.

SPACEX'S SHARE OF
SMALL SATELLITES

Before turning to the subject of small
launchers, it is worth highlighting SpaceX's
role in the market for small launchers. If we
consider only small satellites with a mass of
less than 250 kg, Starlink is de facto excluded
from our scope, as its unit mass has exceeded
the limit set for the first operational version,
and has continued to increase with each new
version:

9 Starlink vO.9 (test phase): 227 kg

v1.0 (firstoperational version): 260 kg
V1.5 (operational): 306 kg

v2-mini: 800 kg

v2.0 (planned): 1250 kg

= —a —a -8

This increase in unit mass also has a major
impact on the number of Starlink satellites
launched each time by a Falcon 9: from sixty
V1.5 satellites per launch, the number has
fallen to twenty-one or twenty-two with the

v2-mini version. The first series of Starlink
comprises 4,700 satellites, with SpaceX
approved for a total of 12,000 and having
applied for approval for a further 30,000,
bringing the total number to 42,000.

The first launches took place in May 2019
(with the prototype version) and November
2019 (v1.0), and the number of launches has
continually increased over the years:

1 2019: 2 (including 1 launch for the 2
prototype Starlink satellites)

2020: 14

20271:19

2022: 34

2023: 63

= —a —a -9

As a result, as of 31 December 2023, more
than 5600 Starlink satellites have been put
into orbit.

So far, they have mainly been launched by
Falcon 9, and issues around demand for the
service delivered by the constellation
(SpaceX had initially set itself the target of
launching 2,200 Starlink in the span of five
years) have meant that the pace of launches
has been rapid and will continue at this rate
in the years to come. As for the share of small
satellite launches, if we take the sixty Falcon
9 flights by SpaceX in 2022 and their
respective missions, the total is as follows
(figure 4).

The figure above each type of mission shows
the number of flights carried out in 2022,
with details of the type of launch below. Let
us highlight a number of important
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Distribution of 2022 Falcon 9 flights: 60 missions
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100 arbiter
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33 with
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Dragon 2 for NRO NASA + LEO:
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2 CRS 1 with 4 sats
USA-xxx + 1
commercial
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GEO:
- 5 with 1 sat
- 2 with 2 sats

Figure 4: Summary of the sixty Falcon 9 launcher flights in 2022 (Credit: C. Maire)

observations in relation to Starlink and small
satellites:

1 The vast majority of Starlink missions
have carried Starlink clusters exclusively,
with the exception of two (flights 40 and
41), during which a commercial satellite
was piggybacked, for undisclosed
reasons.

1 Each of the rideshare missions, dubbed
‘Transporter’ by SpaceX, have put a
number of satellites into position.

f 'Crew Dragon’? missions were sometimes
accompanied by small satellites, which
can be considered as being launched in a
kind of rideshare arrangement.

It is clear that SpaceX is positioning itself in
the small satellite launch market, along with
all the other markets it has entered. The
Transporter missions have so far (November
2023) completed nine flights (table 1).

Date Number of
(dd/mm/yyyy)  small satellites
launched

Mission name

Transporter 1 03/12/2018 65
Transporter 2 30/06/2021 8g3
Transporter 3 13/01/2022 109
Transporter 4 01/04/2022 40

2 ‘Crew Dragon’ missions involve the launch of a crewed
spacecraft on behalf of NASA to provide crew relief to the
International Space Station.

3 Rideshare and piggyback missions are subject to some
confusion at SpaceX. During this flight, dubbed
Transporter 2, SpaceX launched three Starlink and eight-

Transporter 5 25/05/2022 54

Transporter 6 03/01/2023 14

Transporter 7 15/04/2023 49

Transporter 8 12/06/2023 72

Transporter 9 11/11/2023 90
TOTAL 678 (excluding
the 3 Starlink)

Table 1: List of Transporter missions

In addition, SpaceX is developing a new type
of mission called ‘Bandwagon,’ which aims to
put small satellites into orbit at an altitude of
between 550 and 605 km, with an inclination
of 45 degrees. All of this means that SpaceX
accounts for a growing, indeed dominant,
share of the small satellite launch market, as
the following review of the past three years
indicates (table 2).

2020 2021 2022
Smallsats 231 431 482
launched
Smallsats 14 242 212
launched by
SpaceX
Ratio 6% 56% 44%

Table 2: Number of small satellites launched by SpaceX - 2020-
2022

eight small satellites, making it implicitly a rideshare flight.
But five months earlier, on 24 January 2021, SpaceX had
faunched a Falcon 9 with ten Starlink and 133 small
satellites, without giving this flight a Transporter
designation.
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SpaceX is now charging its customers $5500
per kg.” By way of an example, for a payload
of up to 150 kg, SpaceX would have charged
$2.25 million prior to 2023, whereas with this
new pricing, the launch cost of a small 150 kg
satellite is now $825000. Thanks to this
pricing policy and the launch opportunities it
makes possible, SpaceX is capturing a large
part of the accessible market for small
satellites, leaving less and less room for its
competitors.”

RECENT ACTIVITY IN
THE WORLD OF SMALL
LAUNCHERS

Trends

Despite strong competition from SpaceX,
between 2018 and 2022 there was a marked
increase in the number of small launchers,
which rose from 132 to 178 including early
concepts, projects (completed or cancelled),
programmes under development, and
launchers currently in operation. While there
has been a slight increase in the number of
small  launchers planned or under
development in a number of countries
including Argentina and Germany, China and
France have seen a significant increase.
However, this trend towards growth belies a
far more complex reality, particularly in view
of the overall number of projects or
developments that have been suspended or
halted. Of the 178 small launchers, forty-eight
have a confirmed or assumed ‘halted’ status
and five, mainly small launchers announced
in 2018, have an unknown status.

Realistically, the situation today is that
around 120 small launchers are planned,
under  development, or  operational,
compared with 116 in 2018. The situation
therefore seems to have stabilized. Over the
last four years the number of launchers in
development has increased, while the
number of launchers in the pipeline has
decreased.

* Jeff Foust, ‘SpaceX to Offer Mid-inclination Smallsat
Rideshare Launches,” Space News, 10 August 2023
https://spacenews.com/spacex-to-offer-mid-inclination-
smallsat-rideshare-launches

° Steve Jurvetson, billionaire co-founder of Future Ventures
and an early investor in SpaceX and Planet, predicted in
October 2023 that more than a hundred small launch

Taking all small launchers into consideration,
American projects are still the most
numerous, followed by Chinese and
European ones. India is showing increased
interest, although the total number of
launchers remains modest. On the other
hand, in view of the current situation, Russia
should be treated with the utmost caution.
All in all, thirty-four countries have more or
less credible short-term ambitions in this
field.

Current status of small launchers

Assessment of the current situation is multi-
faceted:

w These projects and programmes are at
very different stages of development,
ranging from a simple concept study to an
approved, operational launcher.

w We can categorize these 178, and identify
those whose performance level is known,
as follows: nine nano-launchers (O to 10 kg
in LEO), thirty-five micro-launchers (11 to
100 kg), seventy mini-launchers (101 to 500
kg) and forty-two small launchers (501 to
2000 kg).

® These 178 projects and programmes may
be ranked according to their level of
credibility based on an assessment grid
which, albeit subjective, takes into
account what may be considered
representative parameters (publication
less than a year ago of information on the
programme, clearly indicated planned
date for the first flight, available budget
data, existence of a user manual, static
engine firings): thirty-four have a score of
4/5 and twenty-two have a score of 5/5,
which means that fifty-six of these small
launcher projects or programmes can be
considered credible.

w If we try to distinguish between rideshare
and piggyback launches of small satellites
on the one hand and launches of small
satellites by small launchers on the other,
we can see that over the three years
between 2020 and 2022 no general

vehicle developers would go out of business in the next
two years. Jeff Foust, ‘Small Launch Companies Struggle to
Compete with SpaceX Rideshare Missions,” Space News,
18 October 2023, https://spacenews.com/small-launch-
companies-struggle-to-complete-with-spacex-rideshare-
missions/.
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tendency emerges, and there is no
marked change. In general, around 14 to
16 percent of small satellites are launched
by small launchers. It should be noted that
most rideshare and piggyback launches
are carried out by Falcon 9 launchers, the
few other launch vehicles used being
Chinese launchers or Soyuz spacecraft.

®w We note that small launchers can be
divided into four main geographical areas,
each with its own specific characteristics:

0 TheUS (+ New Zealand): thisis the
area with the largest number of
new projects and programmes, at
very different levels of maturity.
Several programmes are well
advanced, or even operational:
Electron (Rocket Lab), Firefly
Alpha (Firefly Aerospace) and
Astra Rocket 4 (Astra Space).

o China, with a profusion of
programmes (more than twenty,
at very different stages) and
industrial organisations. Many of
these programmes have reached
the operational stage (thirteen
have already flown, some with
failures, but often successfully).
Many of these launchers are solid-
propellant models based on
military technologies. However,
liquid-propellant technologies are
also being used, for example
LOx®/kerosene and LOx/methane.
The satellites put into orbit are all
Chinese, meaning that China
forms a microcosm of its own in
this field.

o Europe, with numerous projects
and programmes and fairly strong
competition principally between
France, Germany, Italy, Spain, and
the United Kingdom (UK). The
number of potential launch sites
is also increasing.

0 The rest of the world, including
Japan and India. Russia has ceased
to be of any significance. Several
programmes can also  be
identified in North Korea and
Iran.

6 LOx (liquid oxygen) is a propellant frequently used in
rocket engines (Ariane, Delta, Atlas, and Soyuz, among
others) because this oxidizer can be combined with

10

® One fairly clear trend is emerging for the
short- to medium-term future: a very
marked increase in performance levels.
This trend can be seen in both the US and
China: from Electron to Neutron, from
Ceres-1 (350 kg in LEO) to Pallas-1 (4,000
kg), from ZQ-1 (200 kg) to ZQ-2 (4,000 kg)
and from Hyperbola-1 (300 kg) to
Hyperbola-2 (1,900 kg). In most cases this
is a change in category from a small
launcher to a medium launcher. Clearly, in
the eyes of these industrial players, the
market is developing rapidly.

The United States

Overall, the number of small launcher
projects and programmes is falling in the US.
We have drawn up a comparison between
2018 and 2022.

In 2022, fifty-four US small launcher projects
and programmes could be identified,
including those that have been discontinued,
as compared with fifty-one in 2018. However,
while the figures seem to reflect a degree of
stability, an in-depth analysis reveals
significant changes:

multiple fuels (paraffin, liquid hydrogen, or methane, for
example) to obtain good efficiency and high thrust.

The rise of small launchers: - avril 2024 @



US OPERATIONAL SMALL LAUNCHERS
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Figure 5: US small launch vehicles that have already made at least one flight, and number of launches completed by the end of December 2023
(Credit: C. Maire)

1 There are six launchers in the operational
phase (figure 5). Astra Rocket 3.3 has

been halted in favour of the
development of Astra Rocket 4.
LauncherOne, Virgin Orbit's airborne

launcher, completed six flights between
2020 and 2023 (including two failures),
but Virgin Orbit was declared bankrupt
on April 4, 2023. Firefly Alpha has so far
only carried out one launch in 2021
(failure), another in 2022 (partial failure),
and two in 2023 (one success and one
partial failure).

1 In 2022 we identified thirteen launchers
in development, including two with a
genuinely uncertain status, as compared
to twenty-one in development in 2018.

1 As for launchers in the planning stage,

there were thirteen in 2022, as compared
with twenty-one in 2018.

In addition, twenty launcher programmes
identified in 2018 have been halted, but
eleven new projects have been identified for
2022, seven of which are in the development
phase, four at the planning stage.

The number of US small launchers is
therefore falling: six are operational and two

i

are close to becoming operational. Twenty-
six are under development or planned.

China

When it comes to small launchers and small
payloads, China is completely self-sufficient,
as it is only considering its own domestic
market for the time being. The growing
demand for small satellite launches has led to
a proliferation of small launcher programmes
in recent years. There are now around fifteen
of these, plus a number of launchers with
increased performance, ranging from 1,590
to 4,000 kg in LEO, in preparation for the
future (figure 6).

As of August 2022, the range of Chinese small
launchers and their successors was as follows
(table 3).

As indicated, just over a dozen companies
offering small launchers can be identified.
Most launch operators are a part of the
following major space companies: China
Academy of Launch Vehicle Technology
(CALT), China Aerospace Science and
Industry Corporation (CASIC), CAS and
Aviation Industry Corporation of China
(AVIC).
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SMALL LAUNCHERS

Note: diagram not drawn to scale
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Figure 6: Current Chinese small launchers and their successors (Credit: C. Maire)

Some of them are purely commercial
subsidiaries of CALT and CASIC, while others
seem to have a degree of autonomy in terms
of development, but in any case look to
CASC and CASIC entities to source their
main subassemblies (engines, stages, fairings,
GNC).” This explains the very short time that
generally elapses between the creation of a
company and the date of a launcher’s first
flight. This approach allows these newly
created companies to avoid the heavy and
time-consuming investment required to
develop a new launcher from scratch. Buying
key components off the shelf from a
historically reliable player, then assembling
them and making a successful first flight,
relying on the ’‘soft’ part of in-house
development to instil confidence in future
prospects and attract further financial
investors later on, seems a wise choice.

The creation of these companies follows the
Chinese government’s decision in 2014 to
open up the sector to competition. These
companies receive support from both the
national agency responsible for overseeing
developments in the space sector (the State

7 GNC: guidance, navigation, and control.

12

Administration of Science, Technology, and
Industry for National Defense; SASTIND) and
the main national industrial group involved in
the space sector, the China Aerospace and
Science and Technology Corporation
(CASQ).

Most of the founders and managers of these
companies come from CASC, CASIC and
CAS, and the companies are mostly based in
Beijing. Many of the launchers are solid
propulsion, with propulsion stages
undoubtedly derived from missile
technologies (the 140 m diameter DF-21, for
example, or the 2 m diameter DF-31). In the
future, the number of small launchers using
liquid propellant, especially LOx/methane, is
set to increase, demonstrating that China
now considers that the wuse of liquid-
propellant engines is the optimal choice for
space launchers (lower cost, potential
reusability). The most widely used space
centre is Jiuquan, which is quite logical since
itis well suited for LEO/sun-synchronous orbit
(SSO) launches, although there have been a
few rare launches from barges or ships (LM-
11).
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. . . . st No. of P/L in
Organisation Creation Launcher Solid Liquid  Status Flight flights LEO (kg)
Ceres-1(Gushenxing-
Galactic 1(GX-1) & | 1.40m Op | 2020 3 350
2018 ’
Energy
Pallas-1 LOx/k Dev 2023 0 4000
Hyperbola-1 (Shuang |, o op | 2019 4 300
2017 QUXIaﬂ)
Hyperbola-2 LOx/m Dev 2023 0 1900
JL-1 (Jielong-1 - Smart
Dragon, SDA) 1.20m Op 2019 1 150
China JL-3 Jielong-3 - Smart Dev 2022 0 1500
Rocket 2016 Dragon-3)
(CALT) LM-11 (Lon
- g March 11
-Cz1, 5D-2) 2m Op 2015 13 350
Naga-L (Naga-1) LOx/k Can - 0 1590
KT-1 (Kaituozhe-1) 1.40m Halted 2002 2 100
1989 KT-2 (Kaituozhe-2) 1.70m Can 2017 1 800
KT-2A 1.70m Can - 0 2000
KZ-1 (Kuaizhou-1) 1.40m Can 2013 2 400
GETeS KZ-1A (Kuaizhou-1A;
(CASIC) 2016 Fei Tian 1) 1.40m Op 2017 15 300
KZ-11 (Kuaizhou-11) 2.20m Op 2020 1 1000
SAST 1961 LM-6 (Long March-6 - Lox/k | Op 2015 7 1080
CzZ-6)
OneSpace 2015 OS-M (Sc(g;)”gq'”g 1.20m Approv | 2019 1 205
Space Trek 2018 XT-1 (Xingtu-1) 1.40m Dev 2022 0 240
ZKA (ZhongkeT, |5 e op | 2022 ] 1330
Lijian-1)
CAS Space 2018
ZKTA (ZhongkeA, 1 g5 Dev | 2022 0 1590
Lijian-1)
ZQ-1 (Zhuque-1) 1.35m Halted 2018 1 200
LandSpace 2015 N N
2O (uQe-2, Loxm | Dev | 2022 0 4000
LandSpace-2)
LinkSpace 2014 New Line T(Xin Gan LOx/k | Dev | 2022 0 200
Xian 1)
Drezp bilve 2016 Nebula-1 Loxk | Dev | 2022 0 500
Aerospace
oOrienspace  [JRPIYN Gravity-1 (medium- LOx/k | Dev | 2023 0 3000
class) Yinli-1

Table 3: Current Chinese small launcher programmes

P/L = Payload
Op = launcher operational

LOx/k = LOx [ paraffin
LOx/m = LOx / methane

Dev = launcher in development phase
Approv = launcher in approval phase

Europe

The number of small launcher programmes
in Europe is clearly excessive in relation to
domestic European demand for small
satellite launches (figure 7). These initiatives
are piloted at a national level, with the
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involvement of the European Space Agency
(ESA) and the European Commission largely
not going beyond formal backing and
encouragement.
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SMALL LAUNCHERS IN DEVELOPMENT IN EURQPE
Prime contractor Launcher Propulsion  Status l'ﬂ N_n. i U
flight  flights LED (kg)
_ Mzla Space Mala Liguid Dey 2026 o 00
_ HyPiSpace OBL Mk-1 Liguid/zelid Dy 7 i 200
_ Sitius Spece Sitius-1 Licyusied Dy 2025 o 175
_ Sirius-13 Licgusind D 026 o 500
Sirius-15 Licyusird N 20T 4] 200
- Latitude fophyr Licuid Diene 2025 4] 100
I I O U I U —
_ Hylrmpulse Hylrpulse SL-1 Fykeid Dey 2024 i 9T
_ RFA HEA Cne Licyusied Dy 2024 i 1.300
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- 1 | | | | | |
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I [ ] [ [ ]
_ Crhital Express Launch Ltd  Qrbex Frime Liquid Doy 2024 0 150
_ Skyrora Siyrars KL Liqusic Dev = 2023 0 s |_| C @C
e Bacs <f Candoms

Figure 7: Overview of the main small launcher programmes in Europe

In 2018, thirty-two small launchers could be
identified either at the planning or
development stage. The situation in 2022 is
much the same. However, these unchanged
figures should not mask the transformation
of the landscape that has taken place; of the
thirty-two small launchers identified in 2018,
half have been discontinued and replaced by
eighteen new projects.

The UK’'s prominence demonstrates its
eagerness to capitalize upon initiatives in the
field of small satellites, such as the one based
at the University of Surrey—and this against
the backdrop of Brexit, which may also have
contributed to the UK'’s desire to assert itself
in the space sector.

At the moment, four launchers stand out as
being the furthest advanced:

1 Spectrum, from the German
company lsar Aerospace.

1 RFA One, from the German company
Rocket Factory Augsburg GmbH (a
subsidiary of OHB System).

1 Miura 5, from the Spanish company
PLD Space, the only one of the four
to rely on reusability.?

T Orbex Prime, from the Scottish
company Orbital Express Launch Ltd.

8 SpaceX has demonstrated the benefits of reuse on the
Falcon 9. On this launcher, recovery of the first propulsion
stage offers substantial economies of scale, provided that
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However, the outlook is still a far cry from
that of the US and China.

The rest of the world

Only a few other countries in the world are
developing small launchers. These include
India and Japan, as well as countries seeking
access to space for their military satellites,
such as North Korea and Iran. The existing
range of the most advanced launchers (only
those under development or in service are
shown here) may be summarized as shown in
table 4.

A number of these launchers are about to
make their first flight, and it will be important
to follow them closely to gauge their level of
success. We also note that some proliferating
countries (North Korea, Iran) have begun to
gain access to space using small launchers,
albeit with varying degrees of success.

India, Israel and Japan are the most advanced
among these countries, and have acquired
solid experience in the field. Israel developed
its ballistic missiles (Jericho) first, before
moving on to space launchers, so the
question of conversion does not arise. Japan
is probably taking a capabilities-based
approach, that is, through its civilian
programmes it has  mastered the

the most expensive components (the engine in particular)
have been designed to have several operating cycles
without the need for costly recycling.
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technologies that would enable it to rapidly
develop ballistic missiles, should the political

will arise.
. . 1t No. of P/L in LEO
Country Main contractor Launcher Propulsion  Status Flight flights (kg)
- i ?
Argentina TLON Space Aventura-1 Lig Dev : 0] 25
CONAE - Veng SA Tronador-II Lig Dev 2024 0] 150
) Gilmour Space . .
Australia Technologies Eris Lig + Sol Dev 2023 0 305
€6 Launch €6 Launch Lig Dev | 2024 0 30
Systems Inc. Systems
Brazil
Acrux Aerospace Montenegro 5
Technologies Mk-2 sol Dev ’ 0 40
AEB and IAE VLM-1 Sol Dev 2023 0 150
. i 3
North Korea KCST Unha-3 Lig Cans 2012 2 200
NADA Chollima-1 Lig Op? 2023 3 300
OrbitX India Atal-1 Lig Dev 2023 0 210
ISRO PSLV-DL Lig + Sol Op 2019 3 1257
IRGC Qased Lig + Sol Op 2020 3 24
[FEinlEm SPEiEs Zoljanah Lig+Sol | Dev | 2021 | 2suborb 220
Agency
IRGC Ghaem-100 Sol Dev 2022 2 (1 sub) 80
IAl Shavit-2 Sol Op 2007 6 350
[HI Epsilon-2 Sol Op 2013 6 1500
IHI Epsilon-S Sol Dev 2023 0] 1400
Space One Co Ltd Kairos Sol Dev ? 0 160
_ Equatorial Space
Singapore Systems Volcanoes Hyb Dev 2024 0 60

Table 4: Current small launcher programmes in the rest of the world

Hyb = hybrid Dev = launcher in development phase
Lig = liquid Approv = launcher in approval phase
Sol = solid Op = operational launcher

Suborb = suborbital Can = cancelled

15 The rise of small launchers: - avril 2024 @



SIMILARITIES AND
DIFFERENCES
BETWEEN SPACE
LAUNCHERS AND
BALLISTIC
MISSILES

Space launchers and ballistic missiles are
designed to go into space and thus to serve
as space transports, but their respective
missions are completely different, and even
stand in opposition to one another, since the
purpose of one is to deliver a payload that
remains in space, whereas the other delivers
a payload intended to fall back to earth.

In some cases, there is a strong external
resemblance between the two types of
device, but most of the time the differences
are so great that it is very easy to tell them
apart. In fact, they have both points in
common and points of divergence, which
may be divided into three categories:
technical specifications, performance, and
organisational and operational environment.

TECHNICAL
SPECIFICATIONS

Propulsion

There are more similarities than differences
between the propulsion stages of a space
launcher and those of a ballistic missile.
However, two main distinctions do arise,
depending on whether solid or liquid
propellant is used.

In the case of solid propellant, the similarities
are greater because the same components
are present in both cases: a propellant casing,
propellant, and a nozzle. The casings may be
made of metallic materials, in which case the

9 Liquid oxygen was used on the first intercontinental
ballistic missiles during the Cold War (the American
Redstone missile, for example), but was replaced by
nitrogen tetroxide (N204) from the end of the 71950s,
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same specifications apply to a launcher as to
a missile. Or they may be made of composite
materials, which is more often the case for a
ballistic missile because mass fraction is a
more important performance consideration.
For this reason, metal casings are more
common on space launchers. There are
exceptions, however, for example the
carbon-fibre P120C stage on the Vega C
launcher. In terms of propellants, the basic
chemical elements are similar and the only
difference is in the most energetic
propellants (ammonium-nitrate-based, for
example), which are developed mainly for
use in missiles, again because of the
importance of high performance. Finally,
there s strictly speaking no difference
between the nozzles in the two devices.

In the case of liquid propulsion, the
differences mainly concern the type of
propellant, because the requirements of the
two devices differ. A ballistic missile must be
able to be deployed quickly, which is why in
practice they tend to use only storable
propellants—at least, this is the case with
recently designed missiles. One would have
to go back to missiles designed in the 1950s
and 1960s (Scuds, for example) to find non-
storable propellants being used. On the
other hand, launchers use both storable and
non-storable  propellants.  Non-storable
propellants include liquid oxygen, which is
frequently used in launchers, in combination
with liquid hydrogen, paraffin, or methane.
These types of propellants cannot be used in
missiles for reasons of implementation.’ The
same applies to engines: it is overwhelmingly
the case that the only liquid-propellant
engines common to launchers and missiles
are those associated with storable
propellants.

Structures

In terms of structures, the similarities are
great, since the propellant tanks fulfil the
same function in both cases. The materials
used (generally steel) and manufacturing
processes are identical. Only the design may
differ, for example in the case of a missile
designed to be deployed on a mobile
launcher, which  may require thicker
structures to cope with the higher stresses

because liquid oxygen has to be in a cryogenic state and
cannot remain in a tank for long, whereas N2Oscan remain
stored in a tank for years.
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involved in deployment. We might also
mention the case of composite material
structures, which are not very compatible
with liquid propellants except in a few cases
that involve advanced technologies. They are
mainly used in connection with solid
propellants, and predominantly (though not
exclusively) in the military sector because of
the need for performance (improved mass
fraction).™

Fairing

The fairing or nose cone is a structure whose
main role is to protect the payload from
aerodynamic  flows, vibrations, noise,
temperature, and surrounding weather
conditions during the propulsion phase, at
least the portion of it that takes place in the
atmosphere. This is why the fairing is
jettisoned as soon as the launcher’s
environment is no longer likely to have any

negative impact on it (the criterion being a

certain level of aerothermal flux, e.g., 1135

W/m? on the Ariane 5 launcher).” The

similarities between a launcher and a missile

are therefore very strong here. However,
there are differences in the design of the
fairing:

1 It often has to withstand higher
accelerations in the case of a missile, and
must be designed accordingly.

1 The fairings of ballistic missiles fired from
submerged submarines have to cope
with a hydrodynamic phase in addition to
the aerodynamic phase.

1 The fairings of surface-to-surface missiles
deployed from silos must be able to
withstand any rubble or objects once the
silo door has been opened.

1 The fairings of missiles deployed on
mobile launchers must protect the
payload from the sometimes-extreme
temperature variations encountered
during deployment, as well as from
weather conditions (rain, snow, wind).

1 The diameter of the launcher’s fairing is
often greater than that of the upper
stage, given that they are primarily

0 The mass fraction is the ratio between the initial mass of
the vehicle at propulsion stage and the propellant mass.
The lower the fraction, the better the construction and
performance of the stage.

" 'Ariane 5 User’s Manual,’ Arianespace, June 2020,
https://www.arianespace.com/wp-
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designed as a function of the satellites
they are to carry.

GNC

In the propulsion phase of flight, there is no
significant difference between the GNC of a
launcher and that of a missile, since the
requirements and the technologies used are
applicable to both. The solutions
implemented depend on the technological
capabilities of the country in question and
the budget made available for improved
performance.

In cases where a ballistic missile is derived
from a space launcher, the aerodynamic
coefficients will be fairly similar and as a
result the flight conditions will not differ
significantly, meaning that the solutions
adopted for the launcher, including both the
guidance system and control systems, can be
easily transferred and applied to the ballistic
missile.

The only differences will be in the injection of
the payload: in the case of the positioning
phase of the warheads of a missile, the
constraints  will be greater since the
conditions of the warhead(s) re-entry must
be taken into account (pre-aiming, rotation).
This has repercussions for the flight software
and associated algorithms.

PERFORMANCE

Speed and trajectories

Ballistic missiles and space launchers are
clearly distinguishable in terms of velocity,
since they are essentially delimited by their
respective velocities. The escape velocity at
which a spacecraft can launch a payload into
LEO is around 7.9 km/s. Below this speed, the
payload will fall back to earth and the

content/uploads/2016/10/Ariane5-users-manual-
Jun2020.pdf.
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Figure 8: Range of a ballistic missile (surface-to-surface in this case) as a function of the velocity at the end of the propulsion phase, and the
velocity required for a satellite launch (Credit: C. Maire)

delivery vehicle will then be a ballistic missile,
whereas above this speed it will be placed in
orbit and its delivery vehicle will then be
classified as a space launcher. The ranges of
ground-to-ground missiles fall into categories
that correspond to fairly precise velocity
values at the end of the combustion stage
(figure 8).

The optimization of a space launcher
trajectory is generally more complex than
that of a single-warhead ballistic missile,
because the payload has to be injected
according to optimization rules that are not
encountered in a ballistic trajectory.
However, for a ballistic missile with multiple
warheads, control of the separation phase is

Payload Fairing
Enlarged for
Commercial ngo
Breeze-K Stage Breeze-KM Stage with
Introduced for Orbital Flattened & Stiffened
Capability 3 Equipment Bay 3
- Lengthened 1 The Rockot is
L L composed of the
TT———__| 2 stagesof the
The S5-19 missile k SS-19 and an
i > B > st
s composed of.d Booster Stage (88-19) Booster Stage (S5-19) uppedr B s
stages Including Transport Including Transport named breeze
Launch Container Launch Container
Unchanged Unchanged

Figure 9: Respective configurations of the SS-19 missile and the Rockot launcher (Credit: Eurockot)

This is why ballistic missiles that are
transformed into launchers need an
additional propulsion stage to give them the
extra speed they need to get into orbit. One
example is the SS-19, which was fitted with
the Breeze upper stage to transform it into
the Rockot launcher (figure 9).

’

2 Keith Baylor, ‘A Simulation of Minuteman Trajectories,
accessed 8 December 2023, https://cpb-us-
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a complex affair. Consequently, mission
preparation may be considered to be of
equal difficulty in the two cases. On the other
hand, the trajectories followed by the two
types of missile are very different, as shown
by the following graphs, which highlight the
flatter trajectory of a launcher and the
completely different altitudes attained
(figure 10 & 11).7

elwpmucdn.com/wordpressua.vark.edu/dist/3/246/files/2
016/05/Minuteman-TrajectorySimulation.pdf.
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Figure 11: A typical space launcher trajectory. The trajectory flattens out rapidly at around 200 km altitude and it is the upper stage (Fregat
in this case) that injects the satellite into orbit. The chronology of the flight, measured in seconds, is given in the in the third column of the
table (Credit: Arianespace).
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Figure 10: Trajectory of the Minuteman | intercontinental ballistic missile. The payload is injected at the end of the propulsion phase (‘stage
11l cutoff’), which lasts around 180 seconds and reaches an apogee of 1640 km before travelling back toward the surface target during the
atmospheric re-entry phase. (Credit: Keith Baylor)

Transitional phases stage. In addition, it is vital not to lose the
ability to steer the vehicle on its trajectory.
The ability to separate stages is a key factor

There is no difference between launchers in enabling longer-range missiles, as several
and missiles here; the level of difficulty is the proliferating countries have been sure to
same and the technologies used are make clear once they have mastered it (Iran,
identical. This term covers the various for example, with the Ashura/Sejjil missile).

separations of stages as well as the fairing
jettisoning. Stage separation is a particularly
tricky phase to control because it takes place Atmospheric re-entry
over a very short period of time, with several
operations having to be coordinated within
the space of a few fractions of a second:
halting propulsion of the lower stage,
separating the interstage, igniting the upper
stage, and moving the lower stage away to
ensure that it does not collide with the upper

Atmospheric re-entry is a field that applies
exclusively to ballistic missiles, although one
should keep in mind that research has been
and is still being carried out to study the
possibilities of re-entry in the civilian sector
(for the purposes of capsules, for example).
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However, the requirements for such civilian
cases are very different from those for
warheads, which are subject to far greater
aerothermal  stresses.  Although  the
technologies used for civil and military re-
entry are basically the same, specific
requirements apply to military re-entry
vehicles, since their atmospheric re-entry
phases take place over shorter periods, at
higher speeds, and at steeper angles than
those of civilian shuttles, for example.

As far as military re-entry vehicles are
concerned, several levels of technology need
to be mastered, especially over long ranges.
The nose has to endure the highest
temperature levels: the smaller the nose
radius, the higher its temperature will be. This
is why the first intercontinental ballistic
missile (ICBM) re-entry vehicles (American,
Russian, and those of other countries) had
very rounded noses. Subsequently, the
development of 3D and 4D carbon-fibre
noses has made it possible to considerably
optimize the shape of re-entry bodies, as
illustrated by the American Mk-21 re-entry
body fitted to the Minuteman Il ICBM, for
example.

Stealth and signature

The stealth of missiles and warheads in the
face of the detection and tracking
capabilities of enemy defence systems is also
a subject specific to ballistic missiles.
Obviously, this is not a requirement for space
launchers. However, it is worth mentioning
because the need for stealth measures for
vehicles in the propulsion phase has an effect
on the design of the propulsion stages (in
terms of reduced combustion time and
propellant type). But this brings us back to
the question of propulsion stages. Warhead
stealth is a concern only for ballistic missiles.

ORGANISATIONAL
ENVIRONMENT AND
OPERATIONS

The environment of a ballistic missile
programme extends from the design phase

3 Passivation means ensuring that all onboard sources of
stored energy are fully depleted once they are no longer
required for mission operations.
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through to implementation and even
dismantling, a concept that does not apply in
the case of a launcher. For launchers,
however, the design phase includes
passivation measures’ and deorbiting of the
final stage to avoid depositing space debris.

Design and Development

A space launcher is designed to fly as soon as
it is assembled and its payload is integrated
beneath the fairing. A ballistic missile, on the
other hand, must be able to remain in
storage for years while being available for use
at short notice if needed. Quite naturally,
then, the tolerances put in place by design
and production offices will differ, as will the
control procedures. However, the differences
are not so great as to prevent conversion
from one type of vehicle to another, and
there have been proven examples of this.

The specifications of missiles may also be
subject to different regulations than
launchers. A missile may undergo multiple
development and acceptance flight tests. For
example, the Trident Il D-5 missile underwent
twenty-eight development flight tests: nine
from the ground and nineteen underwater. In
addition, during the operational deployment
period, acceptance and exercise flight tests
are carried out regularly to ensure both the
reliability of the system and the armed forces’
control of launch procedures. A launcher, on
the other hand, will only undergo a few
qualification flights before entering service:
this may correspond to two or three flights,
depending on the programme, after which
the launcher will already be sending satellites
into orbit.

Serial production

Serial  production does not  differ
fundamentally between the two types of
device: it generally involves delivering
batches of devices to the end customer. In
the case of missiles, the aim is to equip the
units responsible for implementing the
weapon systems in question, which can mean
supplying several dozen or several hundred
vehicles. For a space launcher, the logic is the
same, because once a configuration has been
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fixed, the entire production chain needs to
be set up, along with the associated
suppliers.

The few differences between the two may
concern the security conditions to be met,
which are more stringent for missiles, and the
protection of sensitive data.

Integration process

Both missiles and launchers are integrated
into dedicated facilities and buildings,
generally located close to operational bases
for missiles, and launch sites for launchers.
For safety reasons, distances between the
integration building (where the propellant
stages are first assembled, followed by the
payload) and the deployment or launch site
must be kept to a minimum. Sometimes a
missile may be integrated directly on the
deployment site. In the case of a silo
deployment, the stages may be integrated
directly in the silo.

The differences between the two relate to
the safety conditions and protection
measures associated with this delicate phase.
By definition, the integration of a missile
payload involves explosive devices, whereas
the integration of a satellite into a launcher is
less sensitive. For the latter, clean rooms are
needed to meet the required cleanliness
conditions.

Deployment and implementation

The  infrastructures  associated  with
implementation are also highly specific: in
the case of a space launcher, the dimensions
of the device often require the use of a large,
easily identifiable launch tower. In the case of
a missile, all proliferating countries have
opted for deployment on mobile vehicles so
as to increase the survivability of the
weapons system.

Let us recall here that missiles can be
deployed in a number of ways:

1 From surface: either from a silo or on a
mobile launcher.

1 At sea: on board a submarine.
Deployment on surface vessels s
extremely rare.

1 From aircraft: given the capacity

requirements, there are only a few rare
cases (the Kinzhal, for example) of

21

ballistic missiles being deployed from
carrier aircraft. Ballistic missiles have
been dropped from the cargo hold of
transport aircraft, but again, this method
remains fairly marginal.

The fact that a ballistic missile can be
deployed with a nuclear warhead has an
impact upon safety measures. Particular
conditions must therefore be respected
during deployment, to ensure compliance
with nuclear safety and security rules.

For a launcher, the deployment methods can
also be quite varied:

1 From surface: either from one or more
fixed launch pads, or from a mobile
launcher of the same type as for a missile.

1 At sea: although apparently the Russians
have carried out a few (suborbital)
launches from a submarine, this remains
anecdotal, and the few known cases have
been carried out from a modified oil
platform, as was the case for Sea Launch
and certain models of launcher, notably
Chinese ones. But this is still fairly
marginal, although this method can be
used to position the launcher on the
equator with a view to a geostationary
orbit (GEO) launch, thus freeing itself of
geographical constraints.

1 From aircraft: here too, the number of
cases is very limited, owing to the
capacity requirements and delicate
release conditions. Pegasus is launched
from a Lockheed L1011 and LauncherOne
is air-launched, but these launches
account for only a very small proportion
of space activity.

Service life

On this point, we return to the design and
sizing constraints mentioned above, because
the specifications of the two types of device
are polar opposites in this respect: a launcher
is designed to be deployed and fired as soon
as possible after manufacture, whereas a
ballistic missile is supposed to be able to
remain in deployment for many years,
because it often forms part of a system of
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