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A New Wild West
 

From 27 to 31 July 2015, diplo-
mats from 110 countries gath-
ered at United Nations in New 

York to negotiate the International 
Code of Conduct for Outer Space Op-
erations. The code is a European Union 
initiative, in work for almost eight years, 
meant to address in one shot security, 
safety and sustainability of space op-
erations. Security is about voluntary 
threats (i.e. aggressive nature), instead 
safety is about dangers in space op-
erations like collisions, failures, uncon-
trolled reentries,  space weather, etc. 

Military commands are concerned 
about space traffic congestion and 
space debris proliferation, and interest-
ed on preventing military incidents in 
space. Another concern, highly contro-
versial, is deployment of weapon sys-
tems in space. Currently there are mili-
tary and intelligence satellites in space 
but no weapons. Satellites are widely 
used to support military operations by 
enhancing ground/air/sea-based ca-
pabilities for surveillance, targeting, 
reconnaissance, communications, and 
navigation.

For three decades a debate has been 
raging between U.S. on one side and 
Russia and China on the other side on 
banning deployment of space weapons 
because of altering nuclear balance of 
forces. The debate started with U.S. 
President R. Reagan decision in 1985 
to launch the Missile Defense Program 
(a.k.a. Star Wars). The program en-
countered major technological difficul-
ties and was later restarted in diminu-
tive form (a.k.a. Son of Star Wars) by 
President G. W. Bush after September 
11, 2001.

The ambition of the Code is to me-
diate all security concerns, and to es-
tablish a framework for cooperative 
exchange of operational data. Since 
the first round of statements at the ne-
gotiation meeting in New York in July 
it appeared that this code was finally 
heading towards an unsuccessful end. 
First the issue was raised that there 
was no UN General Assembly man-
date for the negotiation of the Code. 
Besides procedural matters, there was 
deep and widespread disagreement on 

the code’s security scope. On one side 
there were countries essentially inter-
ested in transparency and confidence 
building measures, which were satis-
fied with the text. On the other side 
those countries that found the Code 
inadequate to prevent an arms race in 
space because of the wording in the 
text about right to self-defense. 

From the second day until the end of 
the week the meeting dragged on re-
iterating comments made at previous 
consultations. The focus of the discus-
sion remained on security matters, with 
some mention of space debris, and es-
sentially nothing discussed on space 
safety. 

Is the International Code of Conduct 
for Outer Space Operations a good 
idea? Space security is very impor-
tant but why space traffic management 
and preservation of space environment 
should be bundled in a code with disar-
mament matters?

Once, French President Nicolas Sar-
kozy defined space as the new “wild 

west”. In the early days of the west, 
law was unorganized and piecemeal. 
So many of the towns of the west grew 
up overnight based on the natural re-
sources nearby (gold, land, cattle). Of-
ten local law was decided by a town 
council or less formal organizations 
of citizens and enforced by vigilante 
groups, which basically meant random 
groups of concerned citizens who had 
had enough lawlessness.  

We need to bring law and order to 
space. The time to internationally or-
ganize civil and commercial space is 
now! Let’s address space concerns 
about safety and sustainability on one 
side, and security on the other side in 
separate instruments like a convention 
for the former and a code of conduct 
for the latter. Let’s give priority to es-
tablish a global civil space traffic and 
environment management framework 
while developing a minimum set of civil 
and military traffic interoperability rules. 
It was done for air traffic, it can be done 
for space traffic!

Wild West.  –  Credits: manlysummercamp.com
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Welcome Back 
“Celestial Eagle”

By Tommaso Sgobba 
and Bernard Farkin

F15 – DARPA Airborne Launch Assist Space Access (ALASA).  –  Credits: DARPA

Launching a satellite entails lifting 
the whole assembly against grav-
ity through the atmosphere. Kon-

stantin Tsiolkovski, father of modern 
astronautics, realized that only a staged 
approach, where each stage boosts the 
satellite further and is then jettisoned, 
would enable to reach orbital velocity. 
In his nineteenth century flowery lan-
guage he called this a space train. 

Launching from ground means that 
the first stage of the rocket will travel 
through the denser layers of the atmo-
sphere where drag is a significant issue. 
Furthermore, the launchpad is at a fixed 
location selected to meet logistics, 
safety and environmental constraints, 
not always the most favorable one to 
reach orbit. What if one could do away 
with the first stage and replace it with 
high altitude platform, such as aircraft 
or balloon? Compared with ground 
launch, air launch provides flexible and 
reusable “first stage” and lighter ex-
pendable rocket. 

To place a satellite on low Earth orbit, 
let’s say at 300 km, you need to reach a 
velocity of 9.4 km/s. Because the start-
ing velocity is zero we can talk of it as 
difference of velocity, or delta-V, of 9.4 
km/s. The delta-V depends on several 
parameters like initial altitude, speed 

and angle of attack. Launching from a 
balloon at 15 km with zero launch ve-
locity and 0° angle of attack, the delta-V 
required to reach orbit is 8.8 km/s. If we 
launch from an aircraft flying at 1.200 
km/h the delta-V drops to 8.5 km/s. It 
further drops to 8.3 km/s if the launch 
angle of attack is 30°. Delta-V reduc-
tions translate into lighter rocket, less 
fuel, and lower cost. 

On 13 June 1990, Pegasus of Or-
bital Sciences Corporation became 
the first commercial air-launch vehicle. 
Released from a modified Lockheed 
L-1011 airliner, Pegasus can put a sat-
ellite of 450 kg into low Earth orbit.

The Airborne Launch Assist Space 
Access (ALASA) is a current program 
of the U.S. defense technology agency 

DARPA designed to produce a rocket 
capable of putting a 45 kg satellite into 
low Earth orbit from an unmodified F-15 
(except for software), for less than $1 
million. The program began in 2012. 
Following completion of Phase 1, which 
resulted in three viable system de-
signs, DARPA selected Boeing as prime 
contractor for Phase 2. This phase in-
cludes 12 orbital test launches. The first 
test will take place early in 2016, with 
11 more demonstrations scheduled 
throughout that year. 

This is not the first time that military 
jets and in particular the F-15 launch-
es a rocket to low Earth orbit. A story 
worth to be told.

ASAT Military 
Heritage

Starting in the late 1950s, the U.S. 
began development of anti-satellite 

(ASAT) weapons. The first, Bold Orion, 
was a rocket air-launched from a B-47 
Stratojet. It was tested in October 1959 
against the satellite Explorer 6, but it 
passed at 6.4 km from it. Only a nuclear 
detonation could have destroyed the 
satellite at that distance. 

In May 1963, a Nike Zeus rocket armed 
with a nuclear warhead destroyed an 
orbiting satellite. One drawback of nu-
clear-armed anti-satellite weapons was 
that they could also damage U.S. satel-
lites. As a result, anti-satellite weapons 
development efforts were redirected to 
develop a kinetic energy warhead. 

During this period, experience was 
also gained by NASA from the X-15 
program, which saw launches of the 
suborbital hypersonic rocket-powered 
aircraft from a modified B52. The X-15 
reached the edge of outer space and 
set the official world record for the high-
est speed, 7.274 km/h, ever reached 
by a manned aircraft. In 1962, five test 
rockets were also air-launched by NASA 
from a modified F-104A Starfighter.

On 13 September 1985, USAF Maj. 
Wilbert D. “Doug” Pearson, flying the 
“Celestial Eagle” F-15A launched an 
ASM-135 anti-satellite rocket and 

Pearson had 
become the 

world’s first pilot 
ever to shoot 

down an orbiting 
satellite
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destroyed the Solwind P78-1 satellite 
flying at an altitude of 555 km. Pearson 
had become the world’s first pilot ever to 
shoot down an orbiting satellite. Prior to 
the launch, the F-15 flying at Mach 1.22 
executed a 3.8g zoom climb at an angle 
of 65 degrees. The rocket was automati-
cally launched while the F-15 was flying 
at Mach 0.934. The rocket payload was 
a kinetic energy interceptor, called Min-
iature Homing Vehicle (MHV), which col-
lided with the Solwind P78-1 satellite at 
closing velocity of 24.140 km/h. 

Air-Launching 
Small and 
Miniature 
Satellites

In the past the market of small satel-
lites (100-500 kg) and miniature sat-

ellites, which comprises microsatellites 
(10-100 kg) and nanosatellites (1-10 kg), 
was small. Those satellites were usually 
launched as secondary payloads on 
larger launch vehicles. Nowadays the 
commercial and military market of small 
and miniature satellites is the fastest-
growing segment of the space launch 
business, and several companies are 
developing air-launch vehicles specifi-
cally targeted to such market. Ability 
to “launch on demand” at low cost will 
allow launch operators to offer unprec-
edented flexibility in terms of schedule 
and orbital placement. Many dedicated 
vehicles are under development and 
more will come in future. Any country 
or operator with experience of military 
supersonic aircraft has the potential 

to develop its homegrown micro and 
nanosatellites air-launch service.

In July 2012, Virgin Galactic an-
nounced the LauncherOne rocket de-
velopment for air-launch from the same 
WhiteKnightTwo aircraft carrier they 
developed for suborbital human space-
flight. Launches should start in 2016. 
LauncherOne is capable to launch sat-
ellites up to 200 kg into Sun-Synchro-
nous Orbit. 

Another U.S. leading company de-
veloping suborbital manned vehicles, 
XCOR, is working also on an advanced 
version, Lynx Mark III, carrying an ex-
ternal dorsal pod with a total payload 
capacity of 650 kg. The pod would host 
either a payload research experiment 
or a rocket to launch satellites into low 
Earth orbit.

Stratolaunch Systems is developing 
a gigantic new air launch system. The 
project comprises three main compo-
nents: the carrier aircraft being built by 
Scaled Composites, a multi-stage pay-
load launch vehicle, plus a mating and 

integration system by Dynetics. Stra-
tolaunch’s carrier aircraft would have 
a wingspan of 117 m, and weigh over 
540.000 kg including the fully fueled 
launch vehicle. The first flight of the car-
rier aircraft is planned in 2016. Not much 
is known about the launch vehicle, ex-
cept that initially Stratolaunch teamed 
with SpaceX and later with Orbital ATK to 
develop the launch vehicle. The rocket, 
called Thunderbolt, featured two solid-
fuel stages provided by Orbital ATK and 
an upper stage powered by RL-10 en-
gines from Aerojet Rocketdyne. Like the 
earlier SpaceX design, Thunderbolt was 
designed to launch medium-class pay-
loads. The company announced in May 
of this year to have set that design aside 
as it seeks to launch smaller satellites.

The Small Launch Vehicle is an air-
launched three-stage-to-orbit launch 
vehicle concept, patented this year by 
Boeing. It aims to launch small pay-
loads of 45 kg into low-Earth orbit. The 
first stage is an air-launched supersonic 
aircraft that accelerates to a speed 

F-104 of Starfighters Inc. for commercial supersonic air-launch services.  –  Credits: Rich Willett

Capt. Todd Pearson, during the Celestial Eagle Remembrance Flight in 2007 at Homestead 
Air Reserve Base, Fla. Captain Pearson’s father, retired Maj. Gen. “Doug” Pearson, flew the 
exact same F-15 in 1985.  –  Credits: U.S. Air Force photo/Senior Airman Erik Hofmeyer

The commercial 
and military 

market of small 
and miniature 

satellites is the 
fastest-growing 
segment of the 
space launch 

business
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In two cases 
Pegasus veered 
off course and 
was destroyed 
by command 
sent by range 

officer

of 5.500 km/h and reaches 19 km, while 
the second stage is a hypersonic air-
craft which accelerates to 12.250 km/h 
and reaches an altitude of 29 km. Both 
are reusable and obtain their oxygen 
for combustion from the Earth’s atmo-
sphere. The third stage is a rocket to 
complete the acceleration of the pay-
load to orbital velocity. 

Since 2013, the Swiss company 
Swiss Space Systems (S3) is develop-
ing a suborbital spaceplane named 
SOAR to carry a launch vehicle capable 
of putting payloads of up to 250 kg into 
low Earth orbit.

At study level, the Aldebaran Super-
sonic Air Launch Project, a joint project 
of the French and German space agen-
cies, started in 2007, studied the super-
sonic air launch capability of Dassault 
Rafale and Eurofighter Typhoon super-
sonic military jets, for launching either a 
50-70 or 150 kg payload into low Earth 
orbit. The Dutch Aerospace Lab (NLR) 
studied a similar concept, Affordable 
Launch Opportunities for Small Satel-
lites (ALOSS), in which a General Dy-
namics F16 would be used to launch a 
10 kg payload.

A group of students of San Jose State 
University in U.S. is developing an air-
launched rocket, called Spartan Spear, 
capable of placing CubeSats into orbit. 
It would be launched by modified F-104 
fighter jets operated by Starfighters, Inc. 
The launch vehicle would be capable 
of placing three 1U Cubesats or 1 3U 
Cubesat into orbit.

Safety of  
Air-Launches

The spreading of commercial air-
launches raises the issue of safety. 

The safety record of current space-
faring countries performing traditional 
ground-based launches is not uniform 
worldwide. It may seriously worsen for 
air-launches because of lack of experi-
ence by newcomers.

Most of what we know about air-
launch safety comes from Orbital ATK 
Pegasus operations and from few su-
personic air-launches performed by 
USAF and NASA. 

As of October 2015, Orbital ATK Peg-
asus was launched 42 times, safely, 
but in two cases the rocket veered off 
course and was destroyed by command 
sent by range officer. Orbital ATK Pega-
sus launches are performed under safe-
ty oversight of one of the U.S. launch 

ranges. Some key points: 
• Rocket assembly and payload integra-

tion processes are identical to those 
followed for traditional expendable 
rockets. Safety rules are identical.

• Integration of rocket on aircraft car-
rier is performed on an isolate runway 
section, subjected to safety rules sim-
ilar to pad operations. Safety require-
ments for barriers to prevent inad-
vertent rocket ignition are identical to 
those for ground launches, but arming 
is done in flight close to launch time.

• Integrated aircraft flight to reach the
launch location is subjected to con-
straints. For example it is forbidden to 
overfly populated areas.

• Launch is performed following a
countdown process with teams and 
equipment on-board the aircraft car-
rier and remotely at the range.

• Rocket flight is redundantly tracked.
Manual commands are sent for flight 

termination, if the rocket leaves the 
planned trajectory (use of mobile 
range equipment). 

• Special procedures are defined for the
case of launch abort. 

• Air traffic is cleared in advanced from
launch location, but procedures are 
not so tightly enforceable compared 
with launches from ground.
Orbital ATK Pegasus is a subsonic air-

launch. Safety of supersonic air-launch-
es is more complex because the launch 
takes place during a high speed climb 
maneuver. For such reason, automatic 
launch “on-condition” is performed. The 
launch system includes several safety 
barriers (switches, inhibits, interlocks) 
that are progressively removed from, 
ground personnel, pilot or automatically. 

Phase 1 of the DARPA ALASA program 
made progress on three safety-related 
breakthrough enabling technologies: 
• Mission-planning software to stream- 

line current processes for satellite 
launches.

• Space-based telemetry to replace
traditional ground-based radar and 
communication facilities for monitor-
ing vehicle trajectory. 

• Automatic flight-termination systems
that would assess real-time con-
ditions during flight and end it if  
necessary.
DARPA is continuing the development 

of these capabilities in Phase 2 and, 
once they’re sufficiently mature, intends 
to eventually transition them to govern-
ment and commercial partners for wider 
use in the space community.

Safety switches sequence used during F-104A air-launch testing - NASA TN D-1279.
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By Tereza Pultarova

Isabelle Rongier – Member of the Soyuz 
VS09 IEC, and President of IAASS. 
Credits: CNES

The Tricky Failure 
of Soyuz VS09

By Isabelle Rongier

Soyuz VS09 
Failure

Soyuz, the venerable and famous 
Russian rocket, is used to launch 

manned Soyuz spacecraft and un-
manned Progress cargo vehicles to 
the International Space Station, and 
for commercial launches marketed and 
operated by Arianespace. Since Octo-
ber 2011, Soyuz commercial launches 
are also operated from the European 
spaceport CSG in French Guiana, with 
some modifications to adapt the rock-
et to CSG’s climate, operations, and 
French safety rules. 

The Soyuz version used to launch 
Galileo satellites is Soyuz ST-B. The 
fully integrated launcher comprises 
3-stages, all propelled by liquid oxygen 
and kerosene: four boosters, one cen-
tral core, and a third stage with RD-124 
engine, plus an upper part comprising 
the upper stage Fregat, the fairing, the 
satellites dispenser to send satellites 
in opposite directions, and two Galileo 
satellites. Fregat is an autonomous and 
flexible upper stage that operates as 
orbital vehicle. It consists of six spheri-
cal tanks (four for propellants, two for 
avionics) arrayed in a circle and welded 

together. A set of eight struts through 
the tanks provide structural attach-
ment points. Fregat is operationally in-
dependent from Soyuz, having its own 
guidance, navigation, attitude control, 
tracking, and telemetry systems. Fre-
gat uses storable propellants (UDMH/
NTO) and can be restarted up to 20 
times in flight, enabling it to carry out 
complex mission profiles. 

Mission VS09 was the third Soyuz 
MEO (Medium-Earth Orbit) launch of 
two Galileo satellites, and the first in 
which the upper stage would be in-
jected into a graveyard orbit after sat-
ellite deployment. Satellites making 
themselves the last boost to reach the 
Galileo operational orbit. This approach 
was used to comply with the space 
debris mitigation requirements of the 
French Space Operation Act to avoid 
the risk of collision or explosion of up-
per stages when left on operational or-
bits. 

During the VS09 flight, following satel-
lite separation, the independent ground 
tracking stations determined orbital pa-
rameters that revealed a major anomaly 
in the orbit reached by the Fregat upper 
stage, even though the Fregat on board 
system indicated a nominal orbit within 
its 3-sigma deviations. The launch op-
erator Arianespace initially declared 

alileo is the new €5 billion global navigation satellite system currently being created by the European Union (EU). Galileo 
satellites are launched from the European spaceport in French Guiana on board Soyuz rockets. On August 22, 2014, at 
9:27 am local time, the Soyuz VS09 rocket lifted off with the first two satellites of the Galileo Full Operational Capability 

on board. Previously, two Soyuz missions VS01 and VS03 had launched four Galileo satellites to prove the satellite system capa-
bilities, so there was no particular concern in advance of the August 22nd flight. The liftoff and first part of the crucial VS09 flight 
proceeded nominally, leading to the release of the satellites according to the planned timetable, and reception of signals from the 
satellites. However, after satellite separation, telemetry data showed that Soyuz had not injected the satellites into the correct orbit.

No spacefaring nation is immune 
from launch failures, but when 
they happen it is important to 
understand the causes so as to 
prevent reoccurrence and provide 
the earliest return to safe flight



Ø4.110 m Fairing

Fregat Upper Stage

Interstage

3rd Stage

2nd (Core) Stage

1st Stage Strap-on
Boosters

Ø10,3 m

Liftoff mass
308 t

46
,2

 m

Soyuz stages, payload not shown.
Credits: Starsem
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the launch a total success, but had to 
rectify that statement a few hours later, 
which is unusual!

Indeed, after computation of both 
azimuth and elevation observed from 
the Perth tracking station in Australia, 
an increasing drift from the designated 
orbit was obtained starting at the sec-
ond Fregat burn. Later, the ranging of 
the European Space Operations Centre 
(ESOC) confirmed that the orbit deter-
mined by ground tracking stations was 
far from the targeted orbit. Analyses 
established that the orbit anomaly was 
consistent with a Fregat second burn 
correct in magnitude but wrong in di-
rection by 35-40 degrees. The result 
was a highly degraded elliptical orbit 
instead of a circular orbit, with more 
than 3500 km of difference on the semi-
major axis, and 5° on orbit inclination.

Enquiry 
Commission

The investigation of the Soyuz launch 
failure was different and more com-

plicated compared with previous inves-
tigations of all-European Ariane rock-
ets failures. Although the French space 
agency (CNES) had developed and 
qualified the modifications to adapt 
Soyuz for launches from French Guiana, 
on behalf of the European Space Agen-

cy, the design authority remained with 
the Russian space agency (Roscos-
mos) and with the Russian companies 
RKTs-Progress and NPO-Lavochkin.  
To speed up the exchange of informa-
tion, two investigation commissions 
were established, one in Europe and 
the other in Russia, which would work 
in close coordination. 

Usually, investigations are performed 
by a small group of a dozen highly qual-
ified technical members representing 
the different stakeholders. The objec-
tives of the investigation are straight-
forward: understand what happened 
and make recommendations for the fu-
ture. The VS09 failure investigation was 
carried out on the European side by 
the Independent Enquiry Commission 
(IEC), which included representatives 
from ESA, CNES, Arianespace, from 
the European Union as Galileo custom-
er, experts from the University of Darm-
stadt recommended by the German 
space agency DLR, and experts from 
the University of La Sapienza in Rome 

recommended by the Italian Space 
Agency (ASI). The mandate was to:

• establish the circumstances of the
anomaly

• identify the root causes
• make recommendations to correct

any identified defect, and associ-
ated aggravating factors, to allow
a safe and quick return to flight for
Galileo missions and for all Soyuz/
Fregat missions.

The Independent Enquiry Commis-
sion gathered five times between Au-
gust and November 2014. The final 
report was released at the beginning 
of December 2014. The meetings were 
complemented by two visits to Ros-
cosmos in Moscow to discuss findings 
and conclusions with Russian partners. 

All initial findings came from the anal-
ysis of telemetry received in Moscow 
but the work was not simple because 
the trigger phenomenon was not di-
rectly related to the anomaly. The Fre-
gat main engine thrust was correct in 
magnitude but not in direction, due to 
erroneous navigation data coming from 
the inertial measurement unit (IMU). Un-
derstanding the anomaly that caused 
such erroneous behaviour of the IMU 
was very challenging and required an 
in-depth investigation and close coop-
eration with our Russian partners.

Failure Scenario

An in-depth analysis of all telemetry 
parameters led to the conclusion 

that one cluster of thrusters, control-
ling vehicle attitude during the ballistic 
phase after Fregat main engine cut-off, 
lost effectiveness for a period of some 
hundreds of seconds. This happened 
during some specific manoeuvres that 
are performed during the ballistic phase 
to get into so-called barbecue mode to 
prevent overheating from sun radia-
tion. The Fregat inertial reference was 
lost when the IMU frame hit its gimbal 
stop because the yaw angle could not 
be controlled anymore. There was no 
electronics or flight software malfunc-
tion involved into the failure.

The European space community 
engaged in their 12th launch failure 
investigation out of 241 launches 

from the French Guiana spaceport


Soyuz upper stage Fregat with satellites dispenser and two Galileo satellites, one just 
released and entering free flight.  –  Credits: ESA, CNES, Arianespace
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But what was the cause of the loss 
of effectiveness of the cluster of thrust-
ers? Frozen propellant (hydrazine) in 
the common feed pipe of the cluster 
of attitude control thrusters, which oc-
curred because of a thermal design de-
ficiency in a bracket holding the hydra-
zine line to a helium pressurization line. 
More precisely, due to the long first 
boost of this MEO mission, depressur-
ization of the main propulsion helium 
tanks occurred as planned, leading 
to very low temperature in the helium 
line very close to the hydrazine feed-
ing line. Then, during ballistic phase, 
the temperature rose locally liquefying 
the hydrazine and removing the block-
age so the thrusters cluster could func-
tion. When the thrusters came back, 
the flight software reacted to compen-
sate for deviations to put Fregat on 
the targeted orbit. Unfortunately, the 
software was using faulty input data 
from the IMU, which had lost the ref-
erence frame. That’s why the second 
burn was efficient in magnitude but not  
in direction. 

Two considerations need to be made 
at this point. First, it was really an un-
fortunate chance that the failure hap-
pened because if the barbecue ma-
noeuvre had been performed a few 
tens of seconds after the planned time 
or if the time the hydrazine took to re-
turn to liquid state was a bit shorter, the 
entire transitory phenomenon would 
have been totally innocuous…but that 
is the hard life of space projects, where 
there is no room for any mistake at all.

The second consideration is that 
after the correct failure mechanism 
was identified everything looked very 
simple, but the investigation commis-
sion had to evaluate several possible 
scenarios and all their pros and cons. It 
took several weeks of hard work to find 
the right answer!

The final step of the investigation 
was to try to prove as much as pos-
sible through testing the correctness of 
the postulated failure scenario. Russian 
industry performed specific hardware 
tests representative of the VS09 brack-
eting configuration, and ran simulations 
on the software bench with a model of 
the launcher. The thruster cluster feed 
pipe was frozen for similar period dur-
ing tests, and IMU gimbal stop was 
also achieved in the simulations. 

The Fregat stages still on the ground 
were checked and those showing the 
same faulty bracketing configuration 
were repaired. The root cause of the 
failure was an ambiguous design docu-
mentation on bracket configuration and 
the absence of a quality control require-
ment to check it, which in turn was due 
to a missed thermal analysis during the 
design phase for this particular area 
of Fregat. The commission was very 
much convinced to have identified the 
real failure scenario, but it cannot be 
proven with absolute certainty because 
on one hand the available telemetry is 
always limited, and on the other hand 
no pictures of the real mounting of the 
pipes in question were taken for the  
VS09 flight.

Recommendations 
and Conclusion

The IEC issued a series of recom-
mendations to fix the problem, pre-

vent reoccurrence, and return safely to 
flight. 

The commission required changes to 
Fregat plumbing lines, which industry 
implemented and thermally qualified. 
Design, manufacturing documentation, 
and inspection procedures were up-
dated accordingly. Additional checks 
were planned by Arianespace to be per-
formed at the delivery of hardware by 
industry. New analysis of some original 
qualification aspects was also required, 
and the need established to monitor a 
number of additional parameters during 
post flight analysis. To conclude this ar-
ticle, as my personal opinion, although 
a launcher failure is upsetting it can 
brings something good if it is exploit-
ed with a mind open to gain valuable 
technical and organizational lessons. 
In such a situation, it generates a team 
spirit among all partners, engenders ex-
traordinary responsiveness, and brings 
back the pioneering spirit of the space 
community, aiming high and willing to 
re-examine the way things are done. 
This is the real strength of space activi-
ties since their inception. An indepen-
dent investigation is the right way to 
take a step back and analyze the situa-
tion in all its technical and organization-
al aspects. It is a state of mind!

VS09 launch visibility from ground stations.  – Credits: IAASS
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Sub-orbital Space Flight:  
Learning Safety the Hard Way

By Barbara Kanki and 
Michelle La Vone

XPRIZE is a nonprofit organiza-
tion founded to incentivize radi-
cal innovations for the benefit of 

all humanity. The first XPRIZE, the An-
sari XPRIZE, was inspired by the Orteig 
Prize, a $25,000 prize offered in 1919 
by French hotelier Raymond Orteig for 
the first nonstop flight between New 
York City and Paris. Charles Lindbergh 
won the prize in 1927.

In 1996, XPRIZE promised a $10 mil-
lion prize to the first non-governmen-
tal organization to launch a reusable 
manned spacecraft that could reach 
100 km above sea level twice within 
two weeks.

Richard Branson, along with to-be 
first president of Virgin Galactic Will 
Whitehorn, went in search of the most 
promising competitor. In 1999, after re-
viewing many concepts, they focused 
attention on the work of aviation engi-
neer Burt Rutan.

Burt Rutan founded the aerospace 
design and production company Scaled 
Composites in 1982, and was backed 
in his XPRIZE venture by Microsoft co-
founder Paul Allen under the company 
name of Mojave Aerospace Ventures. 
Together, the two companies built 
SpaceShipOne, a high-altitude winged 
hybrid-rocket vehicle with movable tail 
part, so-called feather system. By rotat-
ing the tail section upward to about a 
65 degree in preparation for descent, 
the vehicle is prevented to spin and the 
drag increases thus reducing the g’s ex-
perienced by passengers and crew. 

In 2004, Richard Branson sponsored 
the technology, just in time for good 
news. After taking off at Mojave Air & 
Space Port in California and being re-
leased from the twin-turbojet carrier 
plane WhiteKnight, SpaceShipOne pi-
loted by Mike Melvill passed through 
the outer limits of the atmosphere, well 

above the so-called Karman line at 100 
km. Less than a week later, Brian Bin-
nie piloted the second successful flight, 
earning the team the cash prize and a 
write-up in history.

SpaceShipOne made 17 flights in 
all before retiring to a room in the Na-
tional Air and Space Museum in Wash-
ington, D.C. In July 2005, Branson and 
Rutan signed an agreement to form a 
new company, The Spaceship Com-
pany, jointly owned by Virgin Group and 
Scaled Composites. Virgin Galactic be-
came the sole owner in 2012.

Industrial Testing 
Accident

After the launch of SpaceShipOne, 
Branson, Rutan and their respec-

tive teams dove into designing the 

ShaceShipOne mock-up with tail rotated in reentry position. EAA AirVenture Museum, Wisconsin (USA).  –  Credits: Daniel Berek
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six-passenger, two-pilot SpaceShip-
Two and its carrier jet, WhiteKnightTwo, 
named Eve after Branson’s mother.  
The Virgin Mothership Eve (VMS) be-
came at the time the world’s largest, 
all carbon composite aircraft. Space-
ShipTwo was named Virgin Space Ship 
(VSS) Enterprise.

The year 2007 brought bad news 
when employees of Scaled Composites 
Eric Blackwell (38), Charles May (45), 
and Tod Ivens (33) were killed and three 
other employees injured in a blast that 
occurred when a tank of nitrous oxide 
(NO2) exploded during a ground test of 
the spacecraft’s propellant system.

Scaled Composites stated in a press 
release more than a year after the ac-
cident that, “It should go without say-
ing that we were completely surprised 
by this accident, as we had conducted 
numerous tests, without incident, on 
similar systems including the Space-
ShipOne rocket motor. The body of 
knowledge about nitrous oxide used 
as a rocket motor oxidizer did not indi-
cate to us even the possibility of such 
an event.” Later the California Division 
of Occupational Safety and Health 
Administration (OSHA) fined Scaled 

Composites for $25,870. The fine cov-
ered five violations of workplace safety 
codes, including a failure to maintain a 
safe working environment and to prop-
erly train workers handling hazardous 
materials.

Despite the setback, Scaled Com-
posites officially debuted the shiny new 
spacecraft, twice the size of its prede-
cessor, in December 2009. 

SpaceShipTwo 
Flight Testing 
Accident

The first captive carry flight occurred 
in March 2010, and in October 2010 

the first piloted free flight. Peter Siebold 
and Mike Alsbury successfully released 
the spaceship from WhiteKnightTwo 
carrier at 13,700 meters, and then glid-
ed to a safe landing at Mojave Air and 
Space Port.

In 2011, SpaceShipTwo completed 
its first feathered flight when the space-
craft’s tail section rotated upwards dur-
ing the descent, slowing the vehicle. 

In April 2013, the team completed the 
first rocket-powered supersonic flight 
and in September 2013, the second.

In 2014, the spacecraft set a record-
breaking altitude of more than 21,600 
meters in January and by October had 
completed yet another successful test 
of its feather system.

On Oct. 31 2014, 13 seconds into 
the fourth powered test flight oper-
ated by Scaled Composites under con-
tract to Virgin Galactic, LLC (VG) and 
The Spaceship Company, LLC (TSC), 
SpaceShipTwo broke-up killing 39-year-
old copilot Michael Alsbury and injuring 
43-year-old pilot Peter Siebold.

NTSB 
Investigation 

Human factors was a central focus in 
the National Transportation Safety 

Board (NTSB) investigation of Virgin Ga-
lactic SpaceShipTwo accident. As per 
procedures, the feathering system is un-
locked by the copilot no earlier than 1.4 
Mach and no later than 1.8 Mach. During 
the fateful flight, the copilot Michael Als-
bury unlocked the system prematurely 
at 0.92 Mach which resulted in the ve-
hicle break-up. The Executive Summary 
submitted to the NTSB, by VG and TSC 
explains how this could happen.

Although normal checklist proce-
dures maintained the feather locks in 
the locked position until after obtain-
ing a minimum speed of 1.4 Mach, the 
mishap copilot prematurely unlocked 
the system at approximately 0.92 Mach. 
This premature unlocking was indisput-
ably confirmed by telemetric, in-cockpit 
video and audio data. At this speed, lift 
from the horizontal tails well exceeded 
the feather actuator’s ability to prevent 
a rapid aerodynamic extension of the 
feather system. These forces caused the  
feather to rapidly extend without any 
further pilot action or mechanical  

The year 2007 brought bad news 
when …a tank of nitrous oxide (NO2) 

exploded during a ground test

TV screenshot of explosion at Scaled Com-
posites, Mojave, California 27 July, 2007.
Credits: Sky9

Richard Branson and Burt Rutan in front of Virgin Galactic’s mothership WhiteKnightTwo 
during its public roll-out in Mojave, California July 28, 2008.  –  Credits: Reuters/Fred Prouser 
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malfunction… Extension of the feather 
while in boosted flight under these con-
ditions imparted over 9g’s of pitch up 
acceleration forces on the spaceship. 
These forces exceeded SpaceShipT-
wo’s designed structural load capability 
and resulted in its in-flight breakup. (pp. 
3-4, Executive Summary, May, 2015)

While it is clear that the copilot’s er-
ror induced the catastrophic situation, it 
is not clear why. Thus, the investigation 
directed much of its focus to answer-
ing this human performance question. 
Interview data brought up during the 
hearing revealed that the copilot was 
an exemplary pilot, well-qualified tech-
nically and safety conscious. The hu-
man performance investigator turned 
to other possible issues, namely, flight 
crew training and procedures as poten-
tial contributor to the error.

On the face of it, SpaceShipTwo train-
ing included many of the right ingredi-
ents. SS2 simulator training including 
nominal and non-nominal procedures 
as well as full mission rehearsals: Whi-
teKnightTwo aircraft (launch aircraft 
that had many similarities to SS2) in-
cluding simulated glide through touch-
down training; Extra EA-300L aerobatic 
airplane including G tolerance training 
and upset recovery training.

However, the effectiveness of simula-
tor training varies greatly with respect 
to level of fidelity. While crews may 
have practiced normal and non-normal 
procedures in a full mission scenario, 
many critical aspects of the operational 
environment were missing, including 
vibration and G-forces as well as ele-
ments of time pressure (e.g., complet-
ing tasks within 26 seconds, the conse-
quences of a mission abort at 1.8 Mach 
if the feather system was not unlocked). 
When present, such conditions may 
result in much greater workload and 
stress than what would be experienced 
in a flight simulator.

The lost opportunity to practice is 
one thing, but failing to acknowledge 
high levels of workload and stress also 
influence the development of proce-
dures, which often serve as the pilots’ 
safety net. While the pilot and copilot 
had clearly defined procedures, many 
tasks were committed to memory and 
modified at the last minute, thus intro-
ducing additional error potential. Even 
though interviews revealed that the risk 
of premature unlocking of the feather 
system was “common knowledge” this 
risk was not explicitly called out in the 
Pilots Handbook or emphasized during 
training; nor were issues raised during 
the Flight Readiness Review. What was 
emphasized was the importance of un-
locking the feather system before 1.8 
Mach to avoid an abort.

Preventing 
Human Error

While human error was the proximal 
cause of the accident, the NTSB 

recognized that Scaled Composites 
failed to provide the organizational sup-
port, such as training and procedures 
that could guard against catastrophic 
consequences of human-induced er-
rors. Although pilot error was consid-
ered in the hazard analysis, it was only 
in the context of a system failure, that 
is, if there was a systems failure, the 
analysis included consideration of in-
correct pilot response. Unfortunately, 
pilot-command errors (untimely, inad-

vertent, etc.) were not analyzed. The 
NTSB human performance investigator 
listed the following areas where there 
was a lack of consideration for prevent-
ing human error:
– System not designed with safeguards

to prevent unlocking of feather mech-
anism

– Manuals/procedures did not have
warning about unlocking feather early

– Simulator training did not fully repli-
cate operational environment

– Hazard analysis did not consider pi-
lot-induced hazards causes
These are considerations of general 

nature. It is relatively straightforward 
to guard against the specific accident 
from recurring. For instance, already a 
feather lock system with an automatic 
mechanical inhibit to prevent unlock-
ing or locking the feather locks during 
safety-critical phases of flight has been 
designed.

The bigger question is how to antici-
pate other pilot-induced hazards that 
may occur in other operational envi-
ronments. We cannot fall back on the 
“failure of imagination” excuse. Rather 
the commercial space community as 
a whole should take a hard, system-
atic look at the far ranging effects and 
consequences of human factors in their 
endeavors. There already exists human 
factors principles, research and lessons 
learned for high risk operations, includ-
ing more than 50 years of government 
spaceflight programs, which can be 
readily used and modified for commer-
cial space operations to prevent acci-
dents from happening.

Virgin Galactic pilot Todd Ericson talks with NTSB investigators at the SpaceShipTwo  
accident site.  –  Credits: NTSB

Although pilot 
error was 

considered in the 
hazard analysis, 

it was only in 
the context of a 
system failure
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Satellite Mega-Constellations 
and Safety Risk
 

By Bruno Lazare and 
Tommaso Sgobba

Space activities have been relatively 
constant over the past several de-

cades, but two new factors will substan-
tially increase on-orbit collision risk and 
also re-entry risk. One is the increasing 
launch rate of small satellites, such as 
cubesats. The second is the emergence 
of satellite mega-constellations provid-
ing internet services. 

In the next 10 years, the satellite pop-
ulation in low Earth orbits (LEO) may 
increase exponentially. Under such con-
ditions, the “business as usual” environ-

ment model used for projecting space 
debris growth would no longer be valid, 
and space operation sustainability may 
be jeopardized.

As of August 2015 there are 696 sat-
ellites operating in LEO, but there are 
applications filed with the International 
Telecommunication Union (ITU) in Ge-
neva for launching about 11,000 satel-
lites forming mega-constellations that 
would provide internet access to three 
billion users in developing countries. 
Internet satellites will have shorter op-

erational lifetimes than classic satel-
lites, thus requiring frequent disposal 
and replacement. Assuming an opera-
tional satellite lifetime of five years, at a 
steady state more than 2,000 satellites 
would re-enter Earth’s atmosphere each 
year. In addition, one has to account 
for the re-entry of rocket upper stages 
used for launching those constellations. 
Just tracking several re-entries per day 
would be a nightmare for space surveil-
lance organizations!

Proliferation of space junk is a widely known issue frequently covered by the media and is even the subject of a suc-
cessful science fiction thriller movie: Gravity. The public has become aware that space debris represent a major 
threat to human spaceflight and to active satellites, and that even a tiny fragment can be catastrophic when colliding 

at hypervelocity. One day, space debris may wreak havoc on-orbit by reaching a critical level that causes a chain reaction 
of collisions, the so-called “Kessler Syndrome.” What many people do not know is that space debris continuously decay 
from orbit and re-enter the atmosphere where they further fragment and only partially burn. Surviving fragments can impact 
anywhere and create a risk for people on the ground, at sea, or traveling by air. In the coming year, deployment of satellite 
mega-constellations will escalate the risk of re-entry casualties, although the individual risk will remain far below other human 
activities and natural dangers. 



Space-based internet.  –  Credits: Forbes

The sharp increase of satellites in 2013 due to cubesats will be 
dwarfed soon by space-based internet mega-constellations.
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Safety Risk

Space debris in LEO, between 160 
km and 2000 km, are usually viewed 

only as an orbital environmental issue, 
however, in recent years awareness of 
dangers arising from uncontrolled (ran-
dom) re-entry has started to emerge. 
Reports of space debris landings ap-
pear regularly in the press, in particular 
for large, conspicuous pieces. A rare 
event? Not at all! In 2014, 50 small, 15 
medium, and 63 large space objects, 
including entire satellites and spent 
rockets upper stages, re-entered the 
Earth’s atmosphere. The mass ranged 
from 5 kg cubesats to several tons 
rocket upper stages. 

Atmospheric re-entry causes frag-
mentation and destruction of re-en-
tering hardware by frictional heating 
and deceleration loads. Hundreds of 
fragments are created during re-entry 
of satellites and rocket bodies. Many 
fragments totally demise, but dozens 
survive, cross the air space, and im-

pact the ground. The number of sur-
viving fragments depends on the num-
ber of fragments initially created, their 
material, and their shape. There is no 
general law because the re-entry of the 
same satellite may create different sets 
of fragments depending on statistical 
variability of fragmentation altitude and 
spacecraft attitude during re-entry. It 
is commonly assumed that between 
10 to 40% of the pre-reentry dry mass 
survives as fragments large enough to 
be hazardous to the public on ground. 
The fact that only a limited number of 
parts and chunks are reported and ac-
tually recovered is because of the low 
probability of impacting on inhabited 
Earth region, and that they are strewn 
over areas of several hundred kilome-
ters in length. When detailed searches 
for debris were done on a large scale, 
as was for the Space Shuttle Columbia 
accident, the amount of recovered de-
bris greatly exceeded any expectation. 

Cubesats and microsats, although 
creating additional collision risk on or-
bit, may not produce a significant num-

ber of fragments at re-entry. The only 
items surviving could be refractories 
materials like titanium and silicium.

Lack of 
International 
Agreement 

There are two primary means for 
disposing of spacecraft and rocket 

upper stages in LEO: disposal by natu-
ral orbit decay that leads to random or 
uncontrolled re-entry, and disposal by 
actually deorbiting the satellite or rock-
et upper stage to a predefined location 
on Earth, so-called controlled re-entry. 
Natural decay is the cheapest method 
because it does not require additional 
fuel or dedicated systems. It is suffi-
cient to lower the perigee altitude such 
that atmospheric drag causes the orbit 
to decay at a faster rate within the 25 
year orbital lifetime required by United 
Nations space debris mitigation guide-
lines to reduce the on-orbit collision 
risk. Because uncontrolled re-entries 
happen at shallow angles, predictions 
about time and location of re-entry 
are very much affected by uncertain-
ties about actual atmospheric density 
at time of re-entry. At best, predictions 
have an error of approximately 10 per-
cent in time; that means an uncertainty 
in the re-entry point of approximately 
±2740 km one hour prior to re-entry.  

Experts agree that re-entry risk 
is very remote and luckily, up to 

now, no one has been injured or killed. 
The only contact ever made between 
a human and a falling space debris 
happened in 1997 in Tulsa, Oklaho-
ma (USA) and it was without conse-
quence. A woman was walking her 
dog before sunrise when she watched 
a fireball streaking through the sky 
from north to south. Half an hour lat-
er, a slowly falling fragment brushed 
the woman’s left shoulder and hit the 
ground with a metallic sound. The 
debris was from the re-entering sec-
ond stage of a Delta II rocket that was 
launched 8 months before. Around 
the same time, a large 250 kg stain-
less steel propellant tank from the 
same rocket landed in the front yard 
of a farmer near Georgetown, Texas, 
and outside the town of Seguin, also 
in Texas, a titanium sphere embedded 
itself in a field.

Lottie Williams.
Credits: Tulsa World

Delta in Texas.
Credits: The Aero-
space Corporation

Do we have the right 
to leave things as they are 
without any international 

agreement and coordination 
about global annual re-entry risk? 
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They are called random re-entries for 
such reason. 

Controlled re-entry is strongly recom-
mended when the mass of the (single) 
satellite or upper stage is so large that 
the number of surviving debris objects 
could pose an unacceptable safety 
risk. Disposal by controlled deorbit pro-
vides certainty in the impact location 
by targeting the spacecraft to a safe 
area, generally a broad ocean area, 
to minimize the hazard to people. All 
cargo ships servicing the international 
space station perform controlled re-
entry in the SPOUA (South Pacific Un-
inhabited Area). Maritime and aviation 
authorities send alerts in advance to 
clear the affected air space and impact 
areas. To perform a controlled re-entry 
at the end of a mission, it is necessary 
that the propulsion system be suitable 
for providing the required delta-V, has 
sufficient additional propellant, and all 
relevant sub-systems (e.g. on-board 
computer, attitude control) are reason-
ably reliable. Design, manufacturing, 
and operations costs are therefore im-
portant considerations. 

There is no legal international defi-
nition of “unacceptable safety risk” of 
re-entry. The United Nations space de-
bris mitigation guidelines and the ISO 
standard leave the decision to national 

authorities. For IADC, an international 
governmental forum of space debris 
experts, the risk acceptability threshold 
is 1 in 10,000 re-entries. Such per-event 
threshold was adopted by some coun-
tries (e.g., USA, France, UK), but the 
large majority of space faring countries 
has not specified a risk threshold. That 
threshold was defined by NASA back in 
1997 when space debris atmospheric 
re-entries were a rare occurrence. Be-
cause the risk is defined per-event, the 
annual risk will proportionally increase 
with the increase of the number of re-
entries per year.

Currently, to decide if random re-
entry is acceptable or if an expensive 

controlled re-entry is required, mission 
planners calculate the risk of surviv-
ing fragments on a single event basis 
and compare it with the acceptable risk 
threshold of 1 in 10,000. Because the 
mass of each satellite in a future LEO 
mega-constellation is relatively small, 
it will easily meet the 1 in 10,000 risk 
threshold, and random re-entry would 
be found always acceptable. In reality, 
the annual risk will be escalating by at 
least tenfold. 

What Does It 
Really Mean? 

Although the re-entry risk will be-
come much higher than today, the 

individual risk will remain far below the 
level of other technological and natural 
disaster risks. However, we must con-
sider two important questions. One 
is ethical, the other economic. Do we 
have the right to leave things as they are 
without any international agreement and 
coordination about global annual re-en-
try risk? And what would be the public 
reaction and consequences to space 
business if a catastrophic re-entry ac-
cident happens, for example involving a 
high vulnerable system like an airliner?

Space Fence a second-generation system currently being built by the US Air Force to track satellites and space debris.  –  Credits: Lockheed-
Martin Corporation

Just tracking 
several re-entries 
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for space 
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organizations
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Commercial Spaceflight Safety: 
No Need to Reinvent the Wheel

By Luigi Scateia

Privately funded space devel-
opment have been historically 
confined to the downstream in 

most space domains, with the possible 
exception of satellite communication 
where significant private spending oc-
curred in the set-up of commercial in-
frastructures. 

In the past decades commercial 
space projects started to appear in the 
upstream side of the space value chain. 
The new industry, usually identified with 
the moniker New Space, is character-
ized by the pursuit of space technology 
and development using mainly private 
capital, and leveraging approaches that 
differ significantly from those taken by 
space agencies and mainstream aero-
space industry. These novel approach-
es include:
• Design-to-Cost, aimed at reducing

development and operations costs, 
either by exploiting innovative un-
proven technologies, often spun-in 
from other non-space industry, or 
by using cheap commercial off-the-
shelf technologies in an innovative 
way.

• Incremental development, entail-
ing the pursuit of simple intermedi-
ate goals, either to achieve profit-
ability with intermediate products 

and services to fund further devel-
opments, or to prove the feasibility 
of a specific concept before invest-
ing heavily into it. 

The new commercial space industry 
gained notoriety and widespread inter-
est following Ansari X-Prize winning by 
the experimental spaceplane SpaceShi-
pOne designed by Burt Rutan. A subor-
bital private spaceflight industry came 
into view from some existing seeds of de-
velopment. Media gave wide resonance 
to what was defined as a newly-born 
private space sector, although early de-
velopments in commercial space trans-
portation date back to the 80s with the 
establishment of Arianespace, world’s 
first commercial launch service provider, 
and Orbital Sciences Corporation (now 
Orbital ATK) flight-testing in 1990 of 
Pegasus, airborne launch system, first 
ever privately-developed launcher. 

The creation of Space Exploration 
Technologies Corporation, SpaceX, by 
new economy billionaire Elon Musk, 
and development of small and medium-
lift launchers Falcon 1 and 9 further ce-
mented relevance and reach of private 
investments in space. 

The New Space industry, while kick-
started by private capital, was also 
supported in the U.S. by public funding, 
mainly from NASA. Industry brought 
into fruition a major, disruptive para-
digm shift: in transportation to low Earth 
orbits, NASA moved from developer to 
service customer. Cost-plus develop-
ment contracts, historically awarded 
to mainstream aerospace industry, be-
came fixed price service contracts with 
tremendous cost savings. This is testi-
fied by the success of the NASA Com-
mercial Orbital Transportation Services 
(COTS) program, and follow-up Com-
mercial Crew Program (CCP), to deliv-
er crew and cargo to the International 
Space Station by private companies. 

Commercial 
Suborbital and 
Near-Space 
Industry

Unmanned suborbital spaceflight 
has been common since the dawn 

of space-age by using sounding rock-
ets for various science and technology 
research. Suborbital spaceflight is a 
matter of speed not altitude. A subor-
bital rocket can reach 700 km or even 
more, well above the orbit of the in-
ternational space station, but without  
achieving orbital speed. In the last Credits: Strategy&/Scatteia

The new commercial space industry 
gained notoriety and widespread 
interest following Ansari X-Prize 

winning by SpaceShipOne
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decade suborbital spaceflight enjoyed 
new popularity because of the rise of 
commercial human spaceflight, leisure 
rather than true transportation, aimed 
around 100 km of altitude. An experi-
ence, sometimes referred to as expe-
riential spaceflight, comprising view of 
Earth from the edge of space and few 
minutes of microgravity. Suborbital 
spaceflight is opening the new frontier 
of “near-space”, a region about 20-160 
kilometers above Earth that’s too high 
for airplanes but too low for satellites. 
The exploitation of the near-space re-
gion will gain importance in future by 
adding new commercial applications 
like stratospheric balloons and high al-
titude drones for space tourism and In-
ternet services.

The development of the commercial 
suborbital industry in the U.S. is the re-
sult of several market drivers and favor-
able conditions. In particular:
1. Availability of private capital: vast

private investments, in some cases 
from New Economy wealthy entre-
preneurs (Microsoft founder Paul 
Allen, Amazon founder Jeff Bezos, 
ID software founder John Carmack 
among others) provided the nascent 

industry with significant kick-start 
capital.

2. Incentives: in the form of induce-
ment prizes attracted public atten-
tion, and further capital investment. 
The industry famous Ansari X-Prize 
led to the onset of the “commer-
cial suborbital space race”, which 
spurred interest and fostered devel-
opment. The prize leverage effect is 

estimated at more than tenfold the 
prize award of $10 million.

3. “Light” regulatory framework: the
U.S. Commercial Space Launch 
Amendments Act of 2004, intro-
duced a mixed licensing and in-
formed consent regulatory ap-
proach, supposed to be a stopgap 
until enough spaceflight experience 
was gained. 

4. Grants, tax benefits and infra-
structure: provided at state level to 
companies that established opera-
tions in certain states (for example, 
New Mexico, Texas), plus in-kind 
support by use of federal facilities 
for development.

Since 2004, the commercial suborbit-
al spaceflight industry has recorded siz-
able advance sales, estimated at 1000+ 
reservations as of 2015. However de-
lays in development and qualification 
have affected all players, with recurrent 
postponements of first paid customer 
flights. The dramatic accident suffered 
by Virgin Galactic in the fall of 2014 rep-
resented a major setback for the entire 
industry, putting a stronger focus on 
safety, and shifting routine operations 
further away in time. 

Titan II ICBM on display at the Titan Missile Museum, Tucson Arizona. Insert: Damascus, Arizona, Titan II ICBM silo after explosion.
Credits: Arkansas Times
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Commercial 
Human 
Regulations 

According to a study carried out in 
2013 by Booz and Company that 

consulted industry, investors, and pub-
lic authorities, among the factors con-
tributing to the birth of the commercial 
human suborbital industry, safety regu-
lation was listed as the major enabler of 
private investments. 

Most current suborbital vehicles are 
aircraft-like and use the airspace for 
most part of the flight, thus making ap-
plicable regulations not a clear-cut be-
tween aviation and space fields. The 
Commercial Space Launch Amend-
ments Act of 2004 (CSLAA) settled the 
matter by making Federal Aviation Ad-
ministration responsible for regulating 
commercial human spaceflight for all 
aspects of uninvolved public safety, but 
forbidding to levy any safety regulation 
for crew and flight participants, for an 
initial period unless there was an ac-
cident. The CSLAA requires operators 
to provide prospective customers with 
written information about risk of space-
flight and a statement of the fact that 
the U.S. government has not certified 
the vehicle as safe for the people on-
board. The reason behind the Commer-
cial Space Launch Amendments Act 

moratorium, and following extensions 
until 2023, is to allow industry to gain 
experience useful to develop future 
regulations.

Drawbacks of 
Current Rules

Asystem can be designed to the 
best of our knowledge, but our 

knowledge is not perfect. We can apply 
the most rigorous quality control during 
manufacturing, yet perfect construc-
tion does not exist and some defective 
items will be built and escape inspec-
tion. A “safe” system is essentially one 
that through selection of safety margins, 
redundancies, barriers and other means 
will tolerate, to a certain extent, hard-
ware failures, software faults and human 
errors, mitigate harmful effects or lower 
the probability of their occurrence. 

Systems safety engineering was 
learned the hard way! There was no 
safety program and no safety analyses 
were performed when the Atlas and 
Titan intercontinental ballistic missiles 
(ICBMs) were initially developed in the 
1950s. Within 18 months after the fleet 
of 71 Atlas F missiles became opera-
tional, four blew up in their silos during 
maintenance and operational testing. 
The worst accident occurred in Searcy, 
Arkansas, on August 9, 1965, when a 
fire in a Titan II silo killed 53 people.  

A systematical analysis of those acci-
dents always disclosed simple causes, 
like an accidental drop of a tool, which 
could have been easily identified in ad-
vance as possible, and prevented. As 
a result the U.S. Air Force developed a 
major safety standard, MIL-STD-882, 
establishing novel system safety engi-
neering techniques and management 
concepts. 

When North American Aviation devel-
oped the Apollo capsule in the 1960s, 
there was no safety program and no 
safety analyses were performed. Sev-
eral choices were made to optimize 
the mass of the vehicle: pure oxygen 
atmosphere to lower the capsule in-
ternal pressure so the shell could be 
made thinner and lighter, a simple in-
ward-opening hatch was preferred to a 
heavier outward-opening design. Light 
but flammable thermoplastic materials 
were extensively used, and electrical 
harnesses were made as light as pos-
sible by choosing thinner, and therefore 
hotter, wires. The ingredients for a rag-
ing fire were all in place by January 27, 
1967, when fire erupted during ground 
test killing the three astronauts.

Modern safety analyses techniques 
allow to identify potential accidents 
scenarios, called hazards, and to re-
move or mitigate them through the ap-
plication of best practices and safety 
rules like failure tolerance and safety 
margins. Proven safety-by-design tech-
niques have been incrementally estab-
lished and used over the last fifty years 
in government space programs.

The CSLAA moratorium applies also 
to commercial orbital vehicles, like 
those in development to service 
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Space tourism balloon capsule.  —  Credits: World View Enterprises/The Associated Press 
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the International Space Station. The 
companies particiating to the NASA 
Commercial Crew Program will own 
and operate their spacecraft and infra-
structure, however they must meet or 
exceed NASA’s predetermined set of 
safety requirements and processes, be-
cause NASA shares with space station 
international partners the committment 
to apply them in developing and oper-
ating crew transportation vehicles, and 
to verify their correct implementation. In 
the early phase of the program NASA 
made an inventory of existing technical 
standards for industry to use either as 
reference baseline (meet or exceed) or 
as good practices, stating that “During 
over forty years of human spaceflight, 
NASA has developed a working knowl-
edge and body of standards that seek to 
guide both the design and the evalua-
tion of safe designs for space systems”. 
The CCP companies are successfully 
using those practices while they are 
encouraged to apply their most effi-
cient and effective design, manufactur-
ing and business operating techniques 
throughout the process.  NASA engi-
neers have no oversight role but insight 
into a company’s development process 
while the agency’s technical expertise 
and resources are accessible to a com-
pany. During safety reviews NASA will 
identify issues and make recommanda-
tions, but NASA cannot impose design 
or operational solutions. 

Those NASA standards can be used 
also for suborbital and non-NASA or-
bital commercial projects. They can be 
easily adapted and reused because they 
are performance oriented or deal with 
common subsystems and technologies 
like pressurized systems, structural de-
sign, batteries, and materials. Instead 

of taking advantage of the available ex-
perience, the commercial human sub-
orbital industry has been making the 
point that safety rules should not be 
levied and that no independent verifica-
tion should be performed, because they 
would stifle progress and kill the busi-
ness. Most of media, public and politi-
cians have supported this position, as 
a legitimate defense against utopian 
rules and red tape. But the risk here is 
wasted money and human lives just to 
reinvent the wheel.

During a February 2014 hearing of 
the U.S. House Science space sub-
committee, George Nield, FAA associ-
ate administrator for space transpor-
tation, said that industry’s plea for a 
longer learning period ignores govern-
ment expertise about crewed space 
systems gathered by NASA’s long-
running human exploration program. 
It would be “irresponsible” to ignore 
the lessons from those programs and 
force regulators to collect a new set of 
data, Nield said.

The International Association for the 
Advancement of Space Safety (IAASS) 
has published a collection of NASA her-
itage safety rules in a standard, avail-
able on-line at http://iaass.space-safe-
ty.org/publications/standards/. 

The issue is not that FAA is forbidden 
to regulate the safety of those on-board 
but that companies are not required by 
law to establish and declare their own 
initial safety design and operations 
rules. The CSLAA leaves companies 
free to apply in the design whatever 
level of failure tolerance or safety mar-
gins they like without even the need to 
prove that they have followed and cor-
rectly applied their own rules. The un-
intended effect of the law has been to 
encourage industry to set the clock of 
safety practices back to early times of 
aviation when prototypes were built and 
flown so that close-calls, incidents and 
accidents would then reveal the flaws 
to be fixed. But at that time there were 
no paying passengers on board!

No rules at all is not a viable option. 
The return to the old-fashioned “fly-fix-
fly” approach can bring only the terri-
fying prospect of a stream of incidents 
and accidents possibly exhausting any 
residual public faith in the future of hu-
man spaceflight. Believing that space 
travel risks are forever unavoidable, 
that substantial improvements are al-
most impossible, and relying on public 
acceptance of high levels of risk while 
society is increasingly risk-averse is a 
recipe for business failure.

An International Debate
Suborbital spaceflight business success may depend on offer of launches 

from multiple spaceports worldwide. Although front-runner companies are from 
U.S., there are several companies and organizations interested to operate sub-
orbital vehicles from foreign countries, or to develop their own systems. Getting 
licenses from national authorities will become necessary. National authorities, 
are currently divided between those keen to follow the example of U.S. CS-
LAA and those in favor of full vehicle certification according to aviation rules.  
Recently, the International Civil Aviation Organization (ICAO), the powerful Unit-
ed Nations body for air navigation safety, established a SPACE Learning Group 
of experts to explore how suborbital spaceflights can be safely and efficiently 
integrated with the ever-increasing air traffic. The SPACE Learning Group will 
advise the director of the ICAO Air Navigation Bureau on input to the global 
aviation safety strategic plan to be presented at the next ICAO member states 
general assembly in 2016.
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Emerging Modes of Aerospace Transportation.  —  Credits: ICAO
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The Martian, 
by Andy Weir

By Michael Ciancone

Here’s a story that will light the 
rocket of most any techno-
geek. A hero in a desperate situ-

ation who endeavors to survive a hostile 
and unforgiving environment. All we’re 
missing is a love interest. Oh, wait, he’s 
a techno-geek too. Never mind.

According to the author’s end-notes, 
this story was written as a series of 
chapters that he posted to his on-line 
blog over a period of time. At the en-
couragement of readers, he made his 
story available for online download so it 
could be read on e-books. One thing led 
to another and the result is this book.

The Martian presents the title char-
acter (Mark Watney, a biologist slash 
mechanical engineer slash astronaut), 
inadvertently stranded on the surface 
of Mars and facing a daily struggle to 
survive, relying on little more than his 
wits. He makes the most of the physi-
cal remnants of his recent mission (the 
Habitat module and rovers, for exam-
ple), as well as hardware left behind by 
previous missions (such as Pathfinder), 
to cobble together a variety of Mac-
Gyver-type solutions to both mundane 
and unexpected problems. His solu-
tions are often innovative, but things 
don’t always go as planned.

Watney approaches risky situations 
with stoicism – whatever doesn’t kill 
you will at least make you smarter. 
Most of the challenges that Watney 
faces should come as no surprise to 
anyone who has considered the chal-
lenges associated with the exploration 
of Mars, particular those involved in 
spaceflight safety. This story takes it a 
bit further, though, beyond exploration 
and into the realm of habitation. Wat-
ney’s solutions might make a NASA risk 
manager cringe, but he does not need 
to gain approval from a review board to 
accept risk.

Taken together, these situations pres-
ent a credible story of crew survival. 
Crew survival is one of the more recent 
concepts that NASA has developed to 
assess the ability of a crew to survive 
following loss of all levels of required 
failure tolerance. Let’s run down a quick 
list of bad things that he encountered 
(without giving away any plot) – Martian Movie poster.  –  Credits: 20th Century Fox

Space Safety
        Magazine   
Space Safety

Magazine      

20

Media and Entertainment Fall 
 2015



oxygen toxicity, CO2 buildup, fire, ex-
plosion, injury, rapid loss of habitable 
environment, compromise of suit integ-
rity, loss of thermal environment, lack of 
food, and lack of water. That’s the short 
list. If that doesn’t pique the interest of 
a safety engineer, then maybe you need 
to check for a pulse.

A Source of 
Inspiration

The story contains a lot of technical 
information that I trust is accurate. 

My working assumption, in the interest 
of reading this as a story rather than 
running check calculations on the num-
bers, is that the calculations are reason-
ably accurate or at least good working 
estimates, i.e., nothing that would vio-
late the laws of physics (did someone 
say “Gravity”?). The purpose of this 
book is to entertain and inspire, rather 
than to serve as a textbook.

A number of employee book club dis-
cussions at my place of employment 
have used this story as a point of de-
parture for considering how humans 
can survive on Mars and what we can 
do to anticipate and address chal-
lenges that they will likely face. Watney 
is industrious and resourceful, not to 

mention stoic and irreverent. You never 
feel that he has lost hope. Just give it 
enough thought, and a solution will 
present itself. Nothing that a little duct 
tape won’t fix.

Despite Watney’s engaging nature, 
character development was rather stat-
ic. The character that emerged at the 
end of the story was not that much dif-
ferent than the character at the outset. 
I would have expected more periods 
of Deep Thought (that’s an homage to 
a Saturday Night Live skit) and intro-
spection and depression and lethargy. 
Rather, this guy has a mind that churns 
away 24/7. Watney is a character with 
whom the reader can empathize, so it 
is a surprise that he does not struggle 
with depression or loneliness. I mean, 
how much can one person endure 
when faced with entertainment limited 
to “Three’s Company” re-runs from the 
1970s and the best of disco (sounds 
like an oxymoron to me)? So, although 
he gives a passing nod to the emotional 
and psychological impact of his experi-
ence, I came away disappointed that he 
did not deal with and manage the non-
technical challenges that one might ex-
pect to the same degree he did with the 
technical stuff.

Ultimately, this story serves a grander 
purpose in catalyzing discussions of 
human exploration and discovery on 

Mars amongst professionals who will 
play a role in turning fiction into real-
ity. The author would surely be gratified 
with the reach of his story and the effect 
that it has produced, not only within the 
human spaceflight community, but per-
haps more importantly, with the general 
public. This is not without precedent. 
As recently as the 1950s, writers and 
artists and engineers joined forces to 
engage public awareness of the possi-
bilities and prospects of human space-
flight. They did this through a series of 
articles in “Colliers” magazine (1952-
54) and subsequent books such as
Across the Space Frontier (1952) and 
The Exploration of Mars (1956), soon 
followed by a series of television pro-
grams, hosted by Walt Disney, which 
served to raise public anticipation of 
and expectations for the arrival of the 
space age. Much of this was based on 
the “von Braun paradigm” for space 
exploration, documented in his book 
The Mars Project (1953).

The Martian is a very interesting and 
entertaining novel that is easy to read 
and tough to put down. It provides a vi-
sually interesting opportunity for the big 
screen. The film by Ridley Scott with 
Matt Damon has been just released.

What would Watney do? Read the 
book or see the movie, and find out. 
You won’t be disappointed.

Matt Damon at JPL.  –  Credits: NASA - Bill Ingalls
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Space Safety and 
Human Performance Book
 

By Barbara Kanki

Space Safety and Human Perfor-
mance is the title of the latest 
book in the works by the Inter-

national Association for the Advance-
ment of Space Safety (IAASS). The 
book focuses on human factors ele-
ments that have a potential direct or 
indirect bearing on spaceflight safety.

Safety and human performance are 
closely interrelated. Human perfor-
mance can either degrade or enhance 
systems safety. There are a number 
of well-established design solutions 
and operational techniques that help 
preventing and mitigating human er-
rors, but in space operations there 
are important additional factors to 
consider. During spaceflight, human 
performance can be deeply affected 
by physical, psychological and psy-
chosocial stressors. Strict selection, 
intensive training, and adequate op-
erational requirements are used then 
to fight performance degradation and 
to prepare individuals and teams to ef-
fectively manage systems failures and 
challenging emergencies. 

The book represents a unique com-
pendium of knowledge. Even where 
human performance aspects affecting 
safety are understood and techniques 

applied, such best practices are ei-
ther left undocumented or scattered in 
many different documents, proprietary 
reports, handbooks and highly spe-
cialized papers and articles.

The Space Safety and Human Per-
formance book represents an essen-
tial educational resource and refer-
ence tool to be made available to 
engineers and managers working on 
space projects. Drawing on the exper-
tise of world-wide leading research-
ers, the book will provide practical 
how-to guidance and the knowledge 
base needed to safely integrate the 
human component in the design and 
operations of space systems. 

Space Safety 
and Human 
Performance 
Topics 

The Space Safety and Human Per-
formance book deals with the 

unique situation in which humans work 
and live in the challenging space envi-
ronment. But it additionally covers 
ground operators, and the behavioural 
aspects of complex organizations, 
thus addressing the entire spectrum of 
space participants. The importance of 
applying human performance princi-
ples across all phases of spaceflight 
operations is also of concern, includ-
ing design, launch, and mission activi-
ties as well as support functions such 
as training and ground control.

In order to foster a broad under-
standing of human performance as rel-
evant to space safety, this book brings 
together material on a wide range of 
topics including:
• Cognition and human error, workload

and fatigue
• Advanced analysis methods such as

human reliability analysis
• Environmental challenges and hu-

man performance in space missions
• Physiological performance and ca-

pabilities

• Human resilience and psycho-social
factors

• Human factors and safety in Extrave-
hicular Activity (EVA)

• Human factors in ground operations
• Human factors research methods

and tools
• Human factors and man/machine

interaction, human vs. automaton
functions allocation

• Astronaut selection and training, and
crew composition

• Organizational behaviour and safety
culture.

The IAASS 
Space Safety 
Book Series

There is no book, government agen-
cy report or handbook that ad-

dresses human performance in space 
projects as key element of systems 
safety engineering, and comprehen-
sively from stressors that can degrade 
performance to selection and training 
techniques to enhance performance.

Space Safety and Human Perfor-
mance provides a comprehensive ref-
erence for engineers and technical 
managers at aerospace and high tech-
nology companies, space agencies, 
operators, and consulting firms. The 
book will complete a trilogy that start-
ed with the publication by Elsevier of 
the book Safety Design for Space Sys-
tems in 2009, also translated in Chi-
nese, and Safety Design for Space 
Operations in 2013. Tommaso Sgob-
ba, former head of independent safety 
office at European Space Agency, is 
the Editor-in-Chief for the full series.

The editors for Space Safety and Hu-
man Performance include Barbara Kan-
ki (NASA Ames Research Center ret., 
Human Factors Scientist), Jean-Fran-
cois Clervoy (European Space Agency, 
Astronaut), and Gro Mjeldheim San-
dal, (University of Bergen, Department  
of Psychosocial Science, Professor). 
The publication date is projected for 
early 2017.

Edited by :
Barbara Kanki
Jean-Francois Clervoy
Gro Mjeldheim Sandal

Editor-in-Chief
Tommaso Sgobba

SPACE SAFETY 
and HUMAN PERFORMANCE

Space Safety and Human Performance.
Credits: IAASS
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