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Introduction

Today, there exists an increasing demand for small satellite launch. Indeed, miniaturization and the availability of Commercial Off-the-Shelf (COTS) now enables with small platforms (< 200 kg) satellite applications that used to require larger platforms. Small satellites are considered for a large range of applications (telecommunications, science, etc.) and there exists many small satellites constellation projects (OneWeb, SpaceX, …). Today, there exist launch options for small satellites but all of them have severe constraints:

• Piggy-back launch (launch as a secondary payload). • Cluster launch (launch of a cluster of small satellites using a heavy launcher).

Indeed, in the case piggy back launch, the target orbit as well as the launch date are fixed by the primary payload. In the case of cluster launch, a single small satellite cannot be launched "on demand" unless there is the correct number of small satellite payloads to launch at the same time.

For these reasons, there is a need for a dedicated small satellite launch system that would meet the market needs in terms of cost, reliability and availability without the constraints of existing launch options.
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The ALTAIR project, launched in the frame of the European Union's Horizon 2020 research and innovation programme , is intended to pave the way for a future launch system that could address this need.

ALTAIR is a 3-year project (December 2015 -November 2018). Its total budget is around 4 M€, including a 3.5 M€ from the European Commission and a 0.5 M€ from Switzerland Its strategic objective is to demonstrate the economic and technical viability of a future available, reliable and competitive European launch service for the access to space (Low-Earth Orbit) of small satellites in the range 50-150 kg. The roles and expertise of ALTAIR Partners is detailed in the following table :   Table 1. ALTAIR Consortium

Project's objectives, organization and methodology

ALTAIR concept

The ALTAIR system is based on the concept of air launch. The vehicle part of the system is made from two vehicles:

-A reusable unmanned aircraft carrier.

-An expendable 3-stage rocket.

Fig. 1 ALTAIR mission profile

The carrier brings and release the rocket at a given altitude. The starting of the rocket at a high altitude instead of the ground level has two benefits on the rocket performance:

-Reduction of drag losses.

-Reduction of the nozzle losses.

Due to this gain of performance, the air-launched rocket is smaller than the equivalent ground-launcg rocket with the same performance Fig. 2 Artist's view of the ALTAIR system after release of the rocket by the carrier

Methodology

In a first stage, the ALTAIR work has consisted in defining a preliminary mission definition and high level requirements.

These elements has been continuously evolving throughout the project according to the advances of the design tasks and the updates if the market analysis.
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Target mission and release conditions

The following reference target mission has been defined according to a market analysis (which has been updated throughout the project): Autonomous Operation

The mass break down of the carrier is the following: In addition to the two main hybrid propulsion stages, the launch vehicles includes an Orbital Module (or "upper stage") using monopropellant H2020. 

Ground segment

The Ground Segment work has included the following tasks:

-Functional analysis of the ground segment -Detailed specification of the systems.

-Preliminary architecture design.

-Preliminary CONOPS (work in progress).

-Preliminary cost estimation based on parametric and statistical approaches. 

First flight experiments with EOLE

In addition to the design tasks and the "exploitation" tasks (market study, development roadmap), the ALTAIR project includes a flight experiment work package, aimed at increasing the TRL for different technologies relevant to the ALTAIR concept.

For these flight experiments, we use the existing small scale flight demonstrator EOLE, which has been previously designed developed by ONERA and built by Aviation Design in the frame of the CNES PERSEUS project.

This small-scale demonstrator has a 150 kg Gross Take-Off Weight mass and is able to carry a 43 kg payload to an altitude of a few kilometres. -Validate the release system physical principle.

-Validate the separation chronology and the separation maneuver achievement. Unfortunately, due to a technical issue, the flight experiment activity is currently on hold and will not be achieved as planned by the end of 2018. An extension of this activity in 2019 is currently under study.

Conclusions

The ALTAIR project has pushed further the study of the air-launch concept in Europe.

The main outcome of the project is:

-A first deep analysis of a European air-launch system for small satellites -The demonstration of concept feasibility, with sufficient operation flexibility and low recurring cost (supported by an economic study and a market analysis)

The main identified drawback of the ALTAIR concept is the carrier development cost and the low number of carriers to be built (only 2 for an operational Altair system).

Although the current version of the Altair system is credible, some variants/adaptations of the current concept are considered in order to study how these issues could be addressed.

The end of 2018 ALTAIR work will be devoted to the consolidation of the business plan and development roadmap.

Fig. 20 ALTAIR mission patch

  The ALTAIR Consortium is made of 8 Partners from 8 countries: -ONERA -The French Aerospace Lab, France (Coordinator) -Bertin Technologies, France -GTD Sistemas de Información S.A., Spain -NAMMO Raufoss SA, Norway -Piaggio Aerospace, Italy -CNES, France -Swiss federal Institute of Technology Zurich (ETHZ), Switzerland -SpaceTec Partners SPRL (STP), Belgium

Fig. 4

 4 Fig. 3 ALTAIR overall approach & methodology Then, the bulk of the ALTAIR work has consisted in design task (each one being the subject of a given work package): -The carrier vehicle (WP3) -The launcher vehicle (WP4) -The ground segment vehicle (WP5) Versatile orbital module

Fig. 5

 5 Fig. 5 ALTAIR target missionThe cost target is 5 M$/launch, considering a launch rate of 30 launches / year.

Fig. 7

 7 Fig. 7 ALTAIR CONOPS: COP (Carrier Operator) vs.Autonomous Operation

Fig. 8

 8 Fig. 8 View of the carrier with the launcher attached3.3 LauncherThe launch vehicle has a 3-stage architecture:

Fig. 9

 9 Fig. 9 ALTAIR rocket

Fig. 13 .

 13 Fig. 13. Orbital module

Fig. 15

 15 Fig. 15 Schematics of the operations

Fig. 17

 17 Fig. 17 EOLE Main characteristics The objective of the flight experiments is to assess and validate:  The launcher on-board system (for safer and more reliable launch operations): -Assessment of the disturbances caused by the carrier. -Validation of the initialization strategies and algorithms before the separation phase -Validation of the automatic safety procedures and algorithms implemented for the launcher flight.  The release system and the separation maneuver.-Validate the release system physical principle.-Validate the separation chronology and the separation maneuver achievement.

Fig

  Fig. 18 EOLE Main characteristics

Table 2 .

 2 Carrier

	mass beak-down	
		Weight(t)
	Structures	21.05
	Powerplan	6.30
	Systems	4.43

Operative Empty Weight (OEW) 31.78 Fuel (2 h mission+reserve) 6.09 Launcher weight 26.63 Maximum Take-Off Weight (MTOW) 64.50
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