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INTRODUCTION

This report serves dual purposes. Firstly, it is a continuation of numerous studies, which
appeared more than ten years ago, and forecast a significant increase in ‘super-small’ satellites
(including satellites with masses of less than 100 kg i.e. those attributed to micro-, nano- and
pico-classes). These studies explained the coming expansion of this class of satellite
development, with recent achievements in the global electronics industry, and noted that these
achievements allowed these super-small satellites to be developed, for significantly less cost than
previous satellites of similar purposes, but with greater sizes and masses. However, these studies
also noted that, whilst the reduced costs for development / manufacturing of these satellites
expanded their availability for relatively ‘poor’ users, such as educational institutions, small
private companies and even amateur organisations, an accompanying problem arose that the
launch costs did not decrease in conjunction with the reduction in cost of these small satellites. It
became clear too, that piggy-back and multi-satellite cluster launches of these satellites, which
were providing acceptable launch prices, would not satisfy a significant number of the satellites’

owners, for specific reasons related to the features of these launches.

A detailed explanation of the current situation in this field, which became clear more
recently, and has been reflected in presentations at various astronautical forums, and has

confirmed very well the previous forecasts, is the first purpose of this report.

On the other hand, it is not enough to identify a problem and define its reasons and even
conceptual ways to solve the problem, it is also necessary via technical means, to validate or
invalidate these problem points. With an increasing trend in the number of super-small satellites
to be launched, it had been identified that the best way to satisfy even the most demanding of
these launch requests, would be to develop a sufficiently cheap super-small launch vehicle,
which could provide dedicated, or in a worst case scenario, rideshare launches for these super-
small satellites. Preliminary requirements and an approximate look at this type of launcher were

defined at the same time (for instance in CST report [1]).

However, even after almost fifteen years, not one example of a small launcher, which
could meet all the requirements for solving the problem, has appeared /1/. At the same time, a
number of corresponding projects were proposed and even developed up to a level sufficient to
demonstrate that these projects were infeasible, not from a technical perspective (there was no
problem developing a launcher with very low payload capability), but from an economic
perspective: the cost to launch and the price to the customer was significantly more than existing

piggy-back and cluster launch options.



A significant number of super-small launch vehicles and systems have been under
development more recently, initially to try and provide low launch prices. A review of these
projects which are being developed, where physical hardware and testing has taken place and/or
the concept and team behind it is viable, is the secondary purpose of this report. Since it is
impossible to describe and assess all of these projects, in every detail relevant to technical
features and to economic/organisational aspects, one of them is chosen as a reference example
for this analysis, and for a following comparison with other projects. The Russian ‘Taimyr’
project is chosen for this role for two reasons: firstly, since it was already assessed by CST a year
ago (as one of a number of projects by the same developer, see [2]), and secondly, CST has

direct access to the developers.

This report therefore elucidates the current situation in the field of potential launchers to
meet the demand for launching super-small satellites (of micro- and smaller classes), whilst

describing the means by which they aim to meet this demand.

To achieve these purposes, Section 1 first explains the current demand for small launcher
services within the global growth of the micro-satellite industry, highlighting the necessity for
dedicated launch options with low prices, and notes the problems that are currently created by
existing launch methods, including dedicated launches on converted ballistic missiles. Then the
specific requirements, both technical and economic, for super-small launchers intended to meet
the demand for launching micro-satellites on a commercial basis, are derived and defined in

Section 2, with a definition of accessible limits for the values of corresponding parameters.

Twelve launch vehicle systems have been chosen for review in this report. These were
chosen based on their ability to meet market demand in the near future. Of these twelve projects,
eleven are described in Section 3 with a brief description of the project, its conceptual features
and proposed technical and economic figures. The projects represent proposed launchers of two
basic concepts, common concept i.e. expendable vertical launch vehicles, and air launched, in
which a launch vehicle is launched from a carrier aircraft (or another airborne vehicle). The
projects also represent various types of launch vehicles to be used (for both mentioned concepts),

with either solid- or liquid-propellant.

Section 4 is dedicated to the twelfth project, the Russian ‘Taimyr’ super-small liquid-
propellant launch vehicle, derived from a common concept. Paragraph 4.1 contains a brief
description of the project, with references to a preceding report [2], but with changes and
additions that had been included in the past year. Paragraph 4.2 describes the current status of
the project and its ongoing development, the start of construction (listing the works which have
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been carried out for this process) and plans for its further development. Organisational aspects of
the project and its funding status are described in Paragraph 4.3, including a description of the
developer; the Lin Industrial LLC company, its management and personnel structure; its
cooperation and business relationships, its interaction with Russian space relevant state bodies;

available and proposed sources of funding, and forecasted figures for financial future.

A comparison of all the projects, from the perpsective of meeting the requirements
defined in Section 2, is displayed in Section 5. Based on the results of this comparison, the
definition of the ‘Taimyr’ project’s competitiveness is carried out as a reference project, in order

to highlight its chances of achieving its targeted economic efficiency.

A summary of the information in the report, and the results of its analysis, are presented

in the Conclusions.
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