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	 	 	 	 	 	 AAS	–	Advancing	All	Space

	 	 			 	 	 	
						

	 	 	 	 	 	 Lyn	D.	Wigbels
	 	 	 	 	 	 lyn.wigbels@cox.net

Government Shutdown Impact on Space
Activities and AAS

As	I	write	this,	the	government	has	finally	reopened	after	over	two	weeks	of	political	grid-
lock	here	in	Washington.	NASA	was	particularly	hit	hard	by	the	shutdown	with	approximately	
98%	of	its	employees	furloughed.	While	the	ISS	and	existing	satellite	missions	continued	to	
operate,	data	analysis	was	not	supported,	and	preparation	for	future	missions	–	with	a	few	
exceptions	such	as	MAVEN	–	were	suspended.	A	similar	approach	was	adopted	by	NOAA	and	
USGS.	The	cost	and	schedule	impacts	on	agency	programs	and	projects	are	only	now	being	
assessed,	but	there	is	no	doubt	that	the	shutdown	had	a	significant	impact	on	space	activities	
as	well	as	government	and	some	industry	employees.	While	employees	are	widely	reported	
to	be	excited	and	relieved	to	be	back	at	work	supporting	the	activities	they	hold	dear,	it	is	
not	clear	what	the	long-term	impact	will	be	on	their	morale	and	commitment	to	government	
service.	With	Congress	only	postponing	decisions	on	the	fiscal	challenges	facing	the	country	
as	well	as	on	sequestration,	there	is	fear	that	gridlock	will	once	again	grip	Washington	at	the	
beginning	of	2014.	We	all	hope	instead	that	the	dramatic	experience	from	the	last	few	weeks	will	lead	to	discussion	and	negotia-
tion	on	these	critical	issues.

Closer	to	home,	AAS	watched	as	the	threat	of	a	government	shutdown	grew	in	September	and	looked	at	the	impact	it	might	
have	on	the	6th	Annual	Von	Braun	Symposium	planned	in	Huntsville	October	7-9	in	conjunction	with	the	Huntsville	National	
Space	Club’s	Von	Braun	Dinner.	When	the	government	shutdown	occurred,	we	lost	our	NASA	speakers	and	attendance.	However,	
we	decided	to	hold	the	event	anyway	based	on	the	strength	of	the	program	and	the	number	of	excellent	non-government	speakers	
already	on	the	program.	The	planning	committee	found	outstanding	replacements	for	all	of	the	NASA	speakers.	While	attendance	
was	down	from	last	year,	the	Symposium	was	still	well	attended,	and	immediate	feedback	from	those	attending	was	all	positive.

Our	decision	to	webcast	the	first	morning	of	the	conference	resulted	in	2700	people	signing	on	to	view	Wayne	Hale’s	keynote	
address	and	the	first	panel	that	focused	on	exploration,	SLS	and	Orion.	The	ability	of	webcasting,	coupled	with	Twitter,	to	so	dra-
matically	expand	the	reach	of	AAS	events	is	amazing.	Webcasting	the	first	morning	of	the	2nd	Annual	ISS	Research	and	Develop-
ment	Conference	last	July	also	enabled	AAS	to	reach	a	wider	audience.	Based	on	this	success,	we	plan	to	include	live	streaming	
of	portions	of	future	AAS	events	so	that	we	continue	to	expand	our	audience.

Congratulations	and	many	thanks	to	AAS	Executive	Director	James	Kirkpatrick	and	the	Planning	Committee	for	organizing	
an	excellent	Von	Braun	Symposium	in	the	most	difficult	of	times!	Their	commitment	to	the	Symposium	and	efforts	to	quickly	fill	
in	the	holes	of	the	agenda	ensured	a	very	successful	conference	appreciated	by	all	attendees.	Looking	to	next	year,	the	7th	Annual	
Von	Braun	Symposium	will	be	held	October	27-29,	2014.

For	the	remainder	of	2013,	AAS	is	actively	planning	and	supporting	a	number	of	key	events	in	Washington.	In	November,	
we	will	be	holding	this	year’s	fifth	Corporate	and	Institutional	Members	Breakfast	with	NASA	Associate	Administrator	Robert	
Lightfoot,	an	event	featuring	the	NOVA	film	“Earth	From	Space,”	and	a	panel	discussion	on	international	cooperation	in	space.	
We	are	co-sponsoring	the	“Affording	Mars”	workshop	in	December.	Additional	Corporate	and	Institutional	Members	Breakfasts	
are	being	planned	in	the	next	few	months.

Despite	a	difficult	year,	our	Society	remains	strong	and	is	well	positioned	to	weather	these	uncertain	times	thanks	to	the	com-
mitment	and	active	involvement	of	its	members.	I	welcome	your	thoughts	and	ideas	on	how	AAS	can	move	forward	as	well	as	
your	continued	involvement	in	the	Society’s	activities.
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Energomash: 3, 2, 1 … liftoff
by	John	Krouse

Russian rocket engine supplier uses simu-
lation tools to predict modal and dynamic 
loads

Engineers	at	Russian	rocket	engine	sup-
plier	NPO	Energomash	 are	 using	 test	 and	
simulation	tools	to	accurately	predict	modal	
vibration	and	dynamic	loads	in	turbine	ro-
tors	for	next-generation	international	launch	
vehicles.

With	 a	 heritage	 that	 dates	 back	 to	 the	
1940s,	NPO	Energomash	is	one	of	the	lead-
ing	developers	of	liquid-fuel	rocket	engines.	
Their	 designs	 for	 kerosene/liquid-oxygen	
propulsion	systems	are	recognized	as	some	
of	 the	most	 efficient	 and	 powerful	 in	 the	
world.

In	recent	years,	these	engines	have	been	
used	 in	 a	wide	 range	 of	 spacecraft.	More	
than	1,500	 launches	have	been	made	with	
the	Russian	Federal	Space	Agency’s	Soyuz	
rockets.	These	rockets	propel	satellites	into	
orbit	as	well	as	people	and	equipment.	Des-
tinations	include	the	Soviet	Mir	space	station	
in	 the	past,	and	currently	 the	International	
Space	Station.

The	Atlas	III	US	orbital	 launch	vehicle	
is	 powered	by	NPO	Energomash	 engines,	
as	 is	 the	Atlas	V,	which	 is	 the	newest	and	

Figure 1. Producing 1.7 million pounds of thrust, the RD-170 designed and manufactured by NPO 
Energomash is one of the most powerful and fuel efficient kerosene/liquid-oxygen engines in the world.

most	 powerful	 of	 the	 family.	 Currently	
under	development	is	the	Angara	series	of	
Russian	launch	vehicles,	intended	to	be	the	
next-generation	super-heavy-lift	workhorse.	
The	heavy	Angara	series	will	be	capable	of	
putting	payloads	weighing	 as	much	 as	 28	
tons	 into	orbit,	while	 the	middle	and	 light	
versions	are	able	to	transport	payloads	of	14	
tons	and	2	tons	respectively.

Major engineering challenges
One	of	the	major	challenges	in	develop-

ing	 such	 powerful	 engines	 is	 accurately	
determining	vibrations	and	loads	of	critical	
components,	such	as	the	turbine	rotor.	This	
rotor	is	one	of	the	most	dynamically	stressed	
assemblies	of	the	liquid-fuel	rocket	engine.	
Knowing	 the	 amplitude	 and	 frequency	 of	
these	dynamic	loads	is	especially	important	
in	 the	development	of	 reusable	 rocket	 en-
gines,	although	single-mission	engines	such	
as	those	developed	for	the	Atlas	Evolved	Ex-
pendable	Launch	Vehicle	(EELV)	program	
are	typically	designed	for	three	or	five	flight	
cycles	as	an	added	margin	of	safety.

Directly	measuring	 rotor	 loads	 during	
actual	 engine	 burn	 is	 impractical	 due	 to	
extreme	temperatures,	high	pressure	levels,	

and	 poor	 access	 to	 rapidly	moving	 parts.	
On	 the	 other	 hand,	mathematical	models	
for	methods	such	as	finite	element	analysis	
may	deviate	from	real-world	rotor	behavior	
because	of	variability	in	material	properties,	
damping	 properties	 of	 the	 assembly,	 part	
geometries,	manufacturing	 processes	 and	
joint	 configurations.	All	 this	may	 lead	 to	
serious	errors	in	dynamic	load	assessment,	
and	in	subsequent	durability	and	fatigue	life	
estimates	 that	 rely	solely	on	mathematical	
predictions.

Correcting finite element models for ac-
curate predictions

The	accuracy	of	mathematical	predictions	
can	be	increased	appreciably	through	a	mul-
tidisciplinary	approach	using	experimental	
modal	test	results	done	in	the	lab	to	correct	
errors	in	the	finite	element	model.	At	NPO	
Energomash,	this	type	of	model-correction	
approach	was	 recently	 investigated	 using	
modal	 analysis	 technology	 from	LMS	 In-
ternational.

Specifically,	 test	 and	 simulation	 tools	
were	used	for	establishing	the	impact	excita-
tion	experiment,	measuring	structural	vibra-
tions,	 analyzing	 results,	 identifying	modal	
eigenfrequencies,	 correlating	 experimental	
measurements	with	 predicted	 results,	 and	
correcting	the	finite-element	model	for	one	
of	their	engines.	NPO	Energomash	engineers	
also	work	with	LMS	technology	in	order	to	
increase	this	engine’s	durability.

Technical	assistance	and	system	training	
on	 the	 project	was	 provided	by	Octava,	 a	
partner	of	LMS	International	in	the	Russian	
Federation.	“We	are	honored	that	LMS	tech-
nology	was	 selected	by	NPO	Energomash	
for	 such	 an	 important	 role	 in	 their	 long-
range	work	developing	 rocket	 engines	 for	
international	launches,”	said	Sergey	Panov,	
Octava	 chief	 application	 consultant	 and	
head	of	the	engineering	support	team	for	the	
NPO	Energomash	project.	“Their	selection	
demonstrates	confidence	in	the	technology	
behind	LMS	test	and	simulation	tools	as	well	
as	the	expertise	of	our	application	engineers	
for	a	project	of	this	scope.”

Turbine rotor testing
To	validate	the	approach,	tests	were	per-
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Fig. 2: Modal test results (left) show how a 29-blade, 21 kg rocket engine turbine rotor (right) deforms at 1168.3 Hz, one of 20 eigenfrequencies identified by 
LMS Test.Lab.

formed	by	NPO	Energomash	engineers	on	a	
29-blade	nickel	alloy	turbine	rotor	measur-
ing	340mm	in	diameter	and	weighing	21kg.	
Tests	were	 conducted	 using	 a	 40-channel	
LMS	SCADAS	III	data	acquisition	system	
and	LMS	Test.Lab	for	signal	processing	and	
analysis.	The	rotor	specimen	was	hit	sequen-
tially	 at	 187	 points	with	 an	 instrumented	
hammer	while	measurements	were	 taken	
simultaneously	at	6	locations.	Ideal	locations	
for	 impact	 and	 accelerometers	 placement	
were	 determined	 using	LMS	Virtual.Lab	
simulation	tools.

LMS	Test.Lab	PolyMAX	 readily	 iden-
tified	 more	 than	 20	 eigenfrequencies,	
automatically	 highlighting	 resonances	 on	
straightforward	plots,	so	that	the	engineers	
could	visually	identify	natural	frequencies	in	
minutes	instead	of	spending	hours	looking	
through	raw	data.	LMS	Virtual.Lab	Correla-
tion	software	then	compared	test	measure-
ments	and	predicted	results	using	a	Modal	
Assurance	Criteria	(MAC)	matrix	diagram	
that	 showed	where	 the	 two	 types	 of	 data	
align	and	where	they	diverge.	In	this	case,	
the	MAC	diagram	indicated	that	the	eigen-
frequencies	identified	through	testing	were	
on	average	more	than	8%	higher	than	those	
predicated	by	finite-element	calculations.

“A	sensitivity	analysis	of	the	results	us-
ing	LMS	Virtual.Lab	Optimization	software	
indicated	that	adjusting	material	properties	
such	 as	Young’s	modulus	 and	 density	 of	
the	 shroud	 ring	 surrounding	 the	 rotor	was	
the	 best	way	 to	 correct	 the	finite-element	
model,”	noted	Vladimir	Tkach,	lead	engineer	

and	 designer	 at	NPO	Energomash.	 “The	
LMS	 software	 indicated	 parameters	 that	
should	be	changed	that	were	not	obvious.”

These	corrections	were	made	to	the	math-
ematical	model.	A	subsequent	finite-element	
analysis	 for	 all	 major	 eigenfrequencies	
showed	a	close	correlation	within	an	aver-
age	 of	 2%	–	 an	 appreciable	 improvement	
that	will	enable	NPO	Energomash	engineers	
to	better	design	future	 turbine	rotors	more	
closely	matched	 to	 engine	 service-life	 re-

Fig. 3. The Soyuz TMA-13 spacecraft arrives at the launch pad at the Baikonur Cosmodrome in Kazakh-
stan, Friday, Oct. 10, 2008 for launch Oct. 12 to carry Expedition 18 Commander Michael Fincke, Flight 
Engineer Yury V. Lonchakov and American Spaceflight Participant Richard Garriott to the International 
Space Station. Photo Credit: (NASA/Bill Ingalls)

The late John Krouse was contributing 
editor to LMS News of Leuven, Belgium. 
Space Times regrets news of his passing. 
For more information, contact Stephen 
Glad with Structured Information in 
Waterford, Michigan. (Email – info.us@
lmsintl.com; Telephone – 248-952-5664; 
Website – http://www.lmsintl.com/)

quirements.
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What goes up … doesn’t come down quickly 
enough!
– a comprehensive multi-disciplinary study of the space debris problem by a 
Project Team of the International Space University’s Space Studies Program
by	Mark	Seymour

ABSTRACT

High	in	the	skies	above,	what	can	be	con-
sidered	 among	 humanity’s	 greatest	 tech-
nological	 achievements	 speed	 along	 their	
orbits	around	our	Earth.	These	satellites	are	
our	“eyes	in	the	sky,”	keeping	watch	over	
us	from	above	and	looking	out	into	the	cos-
mos	beyond	our	 planet.	 Satellites	 are	 our	
workhorses,	 enabling	our	 information-age	
society,	gathering	vast	amounts	of	data	on	
the	 state	 of	 our	world,	 relaying	our	 com-
munications	from	one	corner	of	the	globe	to	
another,	and	providing	highly	accurate	time	
and	position	fixes.	But	what	goes	up	does	not	
easily	come	down.	Long	after	satellites	have	
reached	their	End	Of	Life	(EOL),	or	rockets	
have	released	new	satellites	into	orbit,	these	
spent	launch	vehicles	and	defunct	satellites	
can	remain	in	orbit	around	the	Earth	for	a	
long	period	of	time,	becoming	highly	dan-
gerous	projectiles	that	pose	a	real	danger	to	
other	objects	whose	paths	they	cross.	They	
become	space	debris	objects,	and	such	ob-
jects	are	accumulating	in	space	at	a	greater	
rate	than	the	natural	rate	of	orbit	decay	that	
brings	them	back	down	to	Earth.

It	is	becoming	particularly	crowded	in	Low	
Earth	Orbit	(LEO),	the	area	of	space	from	
~100km	to	~2000km	in	altitude.	Many	vital	
scientific	and	commercial	satellites	operate	
in	LEO.	Our	 daily	 lives	 have	 become	 so	
dependent	on	these	Earth-orbiting	satellites	
and	 related	 technology,	 that	humanity	has	
taken	 the	 services	 of	 these	 satellites	 for	
granted.	Many	of	us	are	blissfully	unaware	
of	 just	how	immediate	 the	 threat	of	space	
debris	is	to	our	satellites	and	our	way	of	life.

This	 article	 summarizes	 the	 results	 of	 a	
team	project	on	space	debris	completed	by	
participants	of	the	International	Space	Uni-
versity	(ISU)	during	the	2012	Space	Studies	

Program,	to	formulate	a	comprehensive	so-
lution	to	the	growing	space	debris	problem.

INTRODUCTION

Space	debris	 is	 commonly	defined	as	 any	
man-made	object	that	is	still	in	orbit	around	
the	Earth	but	no	 longer	performs	a	useful	
function	and	has	become	a	hazard	to	oper-
ating	satellites	and	any	manned	presence	in	
space.	Space	debris	ranges	in	size	from	tiny	
objects	around	a	millimeter	in	diameter	to	
intact	large	satellites	and	rocket	bodies	that	
are	 several	 thousand	 kilograms	 in	mass.	
There	are	presently	about	twenty	thousand	
cataloged	and	tracked	debris	objects,	all	of	
which	have	sufficiently	high	orbital	velocity	
(typically	~	7	km/s)	that	the	kinetic	energy	
released	in	a	collision	with	one	of	them	is	
usually	enough	to	destroy	or	render	inoper-
able	whatever	is	hit.

The	 threat	 of	 debris	 is	 not	merely	 a	 con-
cept.	Satellite	operators	are	receiving	more	
frequent	predictions	of	‘near	misses’	where	
they	have	been	advised	to	take	evasive	ac-
tion	to	avoid	a	potential	collision.	At	least	
one	known	collision	between	an	operational	
satellite	and	space	debris	has	occurred	re-
cently	(Iridium-Cosmos	in	2009),	and	other	
collisions	have	been	suspected.	Not	only	are	
such	collisions	catastrophic	for	the	satellite	
that	 is	 hit,	 but	 the	very	 act	 of	 destruction	
disintegrates	the	satellite	into	thousands	of	
new	pieces	of	space	debris.	Such	new	frag-
ments	can	then	go	on	to	hit	other	objects	in	
space,	with	the	real	danger	of	a	cascading	
effect	where	debris	creation	reaches	a	chain	
reaction	of	exponential	growth	in	debris	ob-
jects.	In	the	worst	case	scenario,	entire	orbits	
and	altitude	ranges	could	become	unusable.	
The	 prediction	 of	 a	 cascading	 effect	was	
based	on	a	model	proposed	by	Cour-Palais	
and	Kessler	as	far	back	as	1978;	the	current	

observed	growth	in	debris	object	population	
seems	 to	 follow	 this	 “Kessler	Syndrome”	
model,	 showing	 a	 steady	 increase	 in	 ob-
served	total	debris	population,	accelerated	
by	 discrete	 jumps	when	 large	 objects	 are	
hit	and	fragment.

AREAS OF STUDY

The	ISU	Team	divided	the	study	of	the	de-
bris	problem	into	three	main	disciplines.	The	
technical	 challenges	 of	 removing	 existing	
debris	are	perhaps	those	most	studied	by	var-
ious	agencies	and	industries,	so	one	group	
was	 assigned	 to	 investigate	 and	 propose	
solutions	for	active	debris	removal	(ADR).	
Another	 group	 tackled	 passive	mitigation	
approaches,	and	the	third	group	studied	and	
formulated	the	political,	legal,	and	financial	
framework	that	would	be	needed	to	realize	
any	active	debris	removal	systems	or	further	
passive	mitigation	measures.

The current status of space debris mitiga-
tion and removal

Research	 by	 the	 ISU	Team	 showed	 that	
many	space	agencies,	industry,	and	space-
faring	nations	have	agreed	in	principle	with	
a	set	of	debris	mitigation	guidelines	recom-
mended	by	the	United	Nations	Committee	
for	the	Peaceful	Uses	of	Outer	Space	(UN	
COPUOS)	 and	 the	 Inter-Agency	Debris	
Coordination	 Committee	 (IADC).	 One	
example	of	such	guidelines	is	the	“25	Year	
Rule”	that	requires	satellites	to	be	built	with	
technology	that	will	be	used	to	deorbit	the	
satellite	within	25	years	after	 its	EOL.	As	
these	are	only	guidelines,	there	are	currently	
no	 enforceable	 actions	 possible	 or	 taken	
against	violators.

While	nations	and	agencies	have	been	keen	
to	design-on	compliance	with	the	“25	year	
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rule”	into	their	missions,	the	reality	has	been	
that	few	mission	operators	performed	a	de-
orbit	at	the	end	of	the	operational	lifetime,	
or	lowered	the	altitude	so	that	the	spacecraft	
would	 burn	 up	 in	 the	 atmosphere	within	
25	years.	With	 the	great	expense	of	space	
missions	 and	 the	 high	 costs	 of	 replacing	
aging	satellites,	missions	are	operated	for	as	
long	as	possible,	adding	to	the	space	debris	
problem	when	they	inevitably	fail	(as	have	
recent	missions	ENVISAT,	RadarSat-1,	and	
others).

Active Debris Removal

The	group	studying	Active	Debris	Removal	
(ADR)	 tackled	 the	 problem	 according	 to	
the	sizes	of	the	debris	objects,	as	each	size	
poses	its	own	unique	challenges.	The	first	
task	was	 to	 examine	 existing	 conceptual	
studies	and	the	few	demonstration	missions	
or	technologies	that	have	already	flown	in	
space,	whether	they	were	directly	used	for	
debris	removal	or	not.

For	the	lowest	altitude	objects,	ground-based	
lasers	are	an	option,	using	the	pressure	of	
light	 to	 slow	 the	 debris	 down	 enough	 to	

cause	it	to	re-enter.	But	to	control	the	contin-
ued	growth	of	the	debris	population,	it	is	far	
better	to	target	removal	of	the	largest	debris	
objects	while	they	are	still	relatively	intact,	
before	they	break	up	or	collide	with	other	
objects	to	drastically	increase	the	population	
of	individual	pieces	of	debris.

For	large	debris	objects	over	30cm	diameter,	
existing	 concepts	 for	ADR	mechanisms	
such	as	grapple	nets	and	robotic	arms	were	
studied.	Other	promising	areas	of	research	
include	attaching	electrodynamic	and	mo-
mentum	 tethers	 to	 large	debris	objects,	 to	
interact	with	the	Earth’s	magnetic	or	gravita-
tional	field	respectively,	so	that	the	resulting	
increased	drag	gradually	deorbits	the	object.	
A	 particularly	 interesting	 approach	 is	 to	
attach	 inflatable	balloons	 to	defunct	satel-
lites	or	other	 large	debris	objects,	 thereby	
increasing	their	surface	area,	which,	in	turn,	
increases	atmospheric	drag.

Recommended Technical Solutions for 
Active Debris Removal

The	studies	 into	debris	 removal	 technolo-
gies	on	the	whole	spectrum	of	debris	sizes	

and	momentum	configurations	 resulted	 in	
several	 concrete	 recommendations,	 all	 of	
which	 can	 be	 implemented	with	 today’s	
technology.

SOLUTION 1: SpiderSat

SpiderSat	is	an	ADR	mission	targeting	de-
funct	micro-,	mini-	and	small	satellites,	and	
pieces	of	debris	larger	than	10	cm	diameter.	
The	SpiderSat	concept	is	a	dedicated	ADR	
satellite	equipped	with	removal	mechanisms	
that	can	be	applied	to	several	debris	objects.	
This	makes	the	mission	highly	efficient,	as	
it	 can	bring	down	multiple	 debris	 objects	
that	total	greater	than	the	mass	of	SpiderSat	
itself.
Debris	 removal	 by	 SpiderSat	 is	 a	 two-
stage	process:	 after	SpiderSat	 locates	 and	
approaches	 a	 debris	 object,	 a	 tethered,	
expanding	net	 is	fired	 towards	 the	debris.	
The	net		envelopes	and	captures	the	debris,	
later	drawing	tight	around	it	so	that	it	is	held	
firmly.	A	balloon	attached	to	the	net	would	
then	 be	 inflated	 and	 rigidized	 to	 a	 great	
volume,	presenting	a	large	surface	area	to	
the	atmosphere,	resulting	in	a	large	amount	
of	atmospheric	drag.	Over	time,	the	balloon	
will	 accelerate	 the	 process	 of	 deorbiting	
the	debris	object	 caught	 in	 the	net;	 in	 the	
meantime,	 SpiderSat	will	 continue	 on	 to	
rendezvous	with	other	debris.

Deployable	balloons	for	use	in	space	are	at	
a	high	Technology	Readiness	Level	(TRL)	
and	 could	 be	 ready	 for	 use	 in	 a	mission	
such	 as	SpiderSat	 in	 the	 near	 future.	The	
technology	 for	 a	 deployable	 net	 that	 can	
capture	 debris	 object	 is	 less	mature,	 and	
this	area	would	necessitate	further	research	
and	testing.

SOLUTION 2: CHASER

Larger	debris	objects,	which	require	more	
complex	rendezvous	(due	to	their	high	an-
gular	momentum)	and	capture	operations,	
require	the	use	of	different	technology.	The	
suggested	 solution	 for	 this	 class	of	debris	
objects	 in	 the	 	 >1	meter	 diameter	 range	
requires	a	chaser	spacecraft:	a	large,	three-
axis-controlled	spacecraft	using	ion	propul-
sion	to	rendezvous	with	previously-selected	
large	debris	object	targets.

The	chaser	will	be	equipped	with	a	dock-Figure 1: SpiderSat mission concept



8	 SPACE TIMES	•	September/October	2013

ing	mechanism	specific	to	the	target	debris	
object	 -	 either	a	docking	 ring	clamp,	or	a	
robotic	grapple	mechanism.	The	chaser	will	
bring	the	debris	object	under	stable	attitude	
control,	and	then	fire	a	large,	primary	chemi-
cal	propulsion	engine.	This	burn	will	be	used	
to	initiate	a	controlled	re-entry	of	the	com-
bined	body,	targeting	an	ocean	splashdown	
for	any	pieces	of	the	debris	object	–	and	the	
chaser	 spacecraft	–	 that	might	 survive	 re-
entry.	Each	chaser	spacecraft	would	bring	
down	a	large	debris	object	many	times	its	
own	mass.	If	several	chaser	spacecraft	can	
share	 a	 launch	vehicle,	 the	 system	would	
achieve	an	impressively	high	debris-mass-
removed-per-launch	ratio.

Medium-sized	debris	objects	around~10cm	
in	diameter	would	be	deorbited	by	 a	pro-
posed	 Laser	 Orbital	 Deorbit	 Removal	
(LODR)	 system,	whereby	 high-powered	
ground-based	lasers	would	use	photon	mo-
mentum	 transfer	 to	 reduce	 the	velocity	of	
debris	objects	up	to	1000	km	away,	until	the	
objects	re-enter	and	burn	up	on	their	own.

Passive Debris Mitigation Strategies

The	second	group	looked	at	mitigation	strat-
egies	to	prevent	new	spacecraft	and	rockets	
from	adding	to	the	debris	populations.	This	
Orbital	Debris	Mitigation	 (ODM)	 group	
gathered	 data	 on	 the	 level	 of	 compliance	
and	 effectiveness	 of	UNCOPUOS	debris	

Figure 2: Chaser mission concept

mitigation	measures,	 formulating	 some	
straight-forward	 rules	 and	 suggestions	 for	
spacecraft	and	rocket	design	going	forward,	
which	 should	 have	 a	 considerable	 impact	
in	preventing	newly-launched	objects	from	
becoming	space	debris.

The	ODM	group	made	the	following	state-
ments	of	recommendation:

1. We recommend that the use of long-term 
degradable materials be investigated for use 
in building satellites and launch vehicles.

This	measure	will	help	spacecraft	and	rocket	
bodies	completely	burn	up	on	re-entry.

2. We recommend updating ISO standards to 
optimize spacecraft body shielding against 
debris object collisions.

A	push	to	standardize	shielding	requirements	
for	new	spacecraft	and	rockets	will	help	en-
sure	a	uniform	level	of	protection	for	these	
vehicles	and	increase	their	survivability.

3. We recommend greater debris object 
tracking capability and accuracy, and 
greater computational power applied to 
debris object conjunction analysis.

The	 improvement	 of	 collision	 prediction	
accuracy	will	help	with	preventing	avoid-
able	collisions	and	will	support	future	ADR	

missions.

4. We recommend that any deliberate de-
struction of an on-orbit spacecraft or a de-
bris object be only carried out below 200km.

This	is	simply	to	avoid	any	deliberate	cre-
ation	of	debris	–	 should	a	malfunctioning	
satellite	or	 large	debris	 item	posing	a	 risk	
need	to	be	shot	down,	it	should	be	performed	
at	an	altitude	where	all	fragments	will	quick-
ly	re-enter	and	burn	up	in	the	atmosphere.

5. We recommend all spacecraft and launch 
vehicle upper stages be passivated.

Passivation	refers	to	the	deliberate	release	
of	fuel	or	other	on-board	fluids,	run-down	of	
batteries	and	so	on.	Such	measures	can	pre-
empt	explosions	often	seen	in	rocket	bodies,	
or	a	sudden	increase	in	angular	momentum	
as	such	bodies	rupture	their	fuel	lines	and	
vent	to	space,	increasing	the	spin	rate	of	the	
main	body.

6. We recommend that the “25-year rule” 
become mandatory in national law.

Making	this	rule	mandatory	would	require	
entities	applying	 for	 launch	permission	 to	
provide	proof	of	passive	or	active	on-board	
technologies	to	ensure	that	objects	are	de-
orbited	within	25	years.

7. We recommend the continued careful 
management of ‘slots’ in geostationary orbit.

Here	 the	geostationary	orbit	of	 communi-
cations	satellites	would	be	carefully	moni-
tored,	and	measures	would	be	taken	to	avoid	
overcrowding	and	the	creation	of	debris	in	
this	vital	orbit.

8. We recommend the mandatory inclusion 
of passive deorbiting techniques on all new 
spacecraft.

Such	technologies	could	include	an	inflat-
able	balloon	device,	which	would	be	inde-
pendent	of	main	spacecraft	or	launch	vehicle	
systems,	 to	 be	 commanded	 from	Ground	
to	 inflate	 at	mission	EOL.	Other	methods	
include	 using	 optical	 reflectors	 on	 space-
craft	 and	 launch	 vehicles	 to	 aid	 tracking,	
and	adding	grapple	points	on	spacecraft	to	
enable	potential	future	ADR	missions.	The	
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group	also	suggested	equipping	spacecraft	
with	 active	 identification	 transponders	 to	
support	tracking	from	Ground	and	in	orbit.

The Political, Financial, and Legal As-
pects of Space Debris

The	 ISU	Team’s	 third	 group	 performed	
a	 comprehensive	 review	 of	 the	 national	
and	 international	 policies,	 regulations,	
and	organizational	 challenges	 involved	 in	
tackling	 space	debris,	 concluding	 that	 the	
existing	framework	is	not	effective	for	pre-
venting	debris	population	growth.	A	series	
of	 concrete	 recommendations	were	made,	
the	 implementation	 of	which	 could	make	
a	 significant	 leap	 from	what	 seems	 to	 be	
the	current	“hope	for	the	best”	approach,	to	
embarking	on	a	course	of	positive	action.	
The	recommendations	are	as	follows:

1. We recommend that the International Civil 
Aviation Organization (ICAO) extends its 
purview to orbital traffic.

This	 body	 already	 coordinates	 the	man-
agement	 of	 global	 airspace;	 therefore,	 it	
represents	 a	 valid	model	 for	 international	
management	 of	 the	 space	 domain.	 ICAO	
would	 develop	 safety	 regulations	 for	 op-
erations	 in	 the	 space	 domain,	 establish	 a	
regulatory	 framework	 for	 governing	 use	
of	the	space	domain,	and	mandate	a	safety	
certification	process	that	space-faring	enti-
ties	must	follow	in	order	to	be	allowed	to	
operate	in	space.

2. We recommend the immediate creation of 
an international organization to carry out 
orbital debris removal.

This	entity,	dubbed	“IODRO”	for	Interna-
tional	Orbital	Debris	Removal	Organization,	
would	 include	 all	 current	member	 states	
of	the	IADC.	IODRO’s	mandate	would	be	
to	 coordinate	 and	 implement	 all	 research	
and	 development,	 and	 later	 the	 design,	
financing,	 implementation	 and	 operation	
of	Active	Debris	Removal	systems,	taking	
legal	responsibility	for	ADR	missions	and	
“ownership”	 of	 captured	 debris.	 IODRO	
would	be	established	as	a	legal	entity	and	
launching	state,	and	would	have	the	author-
ity	to	enforce	laws	related	to	space	debris.	
The	ISU	Space	Debris	Team	Project	Report	
describes	a	50-year	plan	for	the	evolution	of	

IODRO	and	its	future	activities.

3. We recommend the development and 
international adoption of Orbital Debris 
Removal Guidelines, to be implemented and 
enforced as national law.

An	entity	such	as	the	IADC,	the	UN	or	even	
IODRO	could	take	on	the	task	of	formulat-
ing	a	set	of	laws,	which	individual	nations	
would	adopt	and	ratify	in	their	jurisdiction,	
so	 that	 all	 nations	 follow	 a	 common	 and	
enforceable	approach.

4. We recommend that the International 
Standards Organization (ISO), create a 
certification for “clean” or “debris free” 
launch vehicles and satellites.

Such	 launch	vehicles	and	 satellites	would	
be	awarded	the	certification	for	having	in-
built	passive	and	active	measures	to	avoid	
debris	creation,	sufficient	to	meet	or	exceed	
all	national	and	international	standards,	and	
thus	offer	a	“gold	standard”	that	buyers	of	
launch	vehicles	and	satellites	could	use	to	
ensure	adherence	to	national	laws.

5. We recommend that the mandate of the UN 
Office of Outer Space Affairs be extended.

With	the	backing	of	the	UN	Genera	Assem-
bly,	OOSA	should	be	given	additional	tasks,	
with	the	backing	of	the	United	Nations	Gen-
eral	Assembly,	to	perform	pro-active	roles	in	
the	facilitation	of	the	granting	of	‘removal	
rights’	between	states	(for	example,	where	a	
debris-object-owning	nation	would	give	an	
entity	like	IODRO	permission	to	intercept,	
capture	and	re-enter	its	debris	object,	while	
disclaiming	 any	 liability)	 and	 establish	 a	
register	of	certified	Active	Debris	Removal	
missions	/	organizations.

Financing the Solution

The	ISU	report	makes	the	case	for	financing	
orbital	debris	management	measures	-	both	
passive	and	ADR	missions	-	through	an	eco-
nomic	analysis	of	the	“value”	of	space,	using	
such	sources	as	the	World	Space	Report	and	
the	Federal	Aviation	Administration	to	gath-
er	figures	representing	the	total	“cost”	of	all	
satellites	launched	in	a	particular	year,	and	
the	revenue	that	these	missions	generated.

The	 group	 obtained	 figures	 of	US$11.9	
billion	worth	 (by	manufacturing	 cost)	 of	
satellites	 launched	 in	2011,	 counting	both	
government	and	commercial	launches;	the	
group	also	found	an	expectation	that	com-
mercial	Earth	Observation	missions	would	
generate	US$4.45	billion	in	revenue	by	the	
year	2020.

With	these	figures,	it	is	hard	not	to	justify	
spending	money	 to	save	money	 -	protect-
ing	the	investment	and	revenue-generating	
potential	inherent	in	space	assets.

SUMMARY AND CONCLUSION

The	 ISU	Space	Debris	 Project	Team	has	
tackled	 the	 space	 debris	 problem	 from	 a	
variety	of	angles	–	technological,	political,	
financial,	legal,	and	organizational	–	with	the	
hope	of	 demonstrating	 that	 if	 coordinated	
action	is	taken	on	a	broad	range	of	fronts,	the	
exponential	increase	of	the	debris	population	
can	be	slowed,	and	even	one	day	reversed.

The	ISU	Project	Report	makes	a	compelling	
case	to	take	on	the	concrete	steps	needed	to	
achieve	 the	ultimate	goal	of	 regular	ADR	
missions,	significant	debris	removal,	and	the	
significant	reduction	in	the	creation	of	new	
debris.	Kessler’s	Syndrome	might	be	averted	
yet.	The	full	report	is	available	to	the	public	
through	the	ISU	website	at	www.isunet.edu,	
and	interested	readers	are	highly	encouraged	
to	obtain	a	copy.
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* * * * * * * * * * 

Shuttle-Mir	 astronaut	Mike	 Foale	
once	 said,	 “When	 I	 realized	 that	 I	was	
going	to	be	sent	to	Russia	to	do	this	job	
on	the	Mir,	it	was	quite	clear	to	me	that	
suddenly	language	is	a	much,	much	more	
important	part	of	this	whole	experience.”	
Foale	remembers	knowing	that	he	would	
have	to	“stop	doing	all	those	things	you	
like	doing	in	your	free	time…I	was	going	
to	have	to	stop	for	the	next	two	years…
Instead,	 I	only	 read	Russian.”	Although	
people	 call	 Foale	 “gifted”	 for	 his	 “high	
aptitude	of	language,”	his	response	is	that	
“I	don’t	believe	that’s	really	so.	I	believe	
it’s	 because	 I	made	 that	 decision	 to	put	
those	hours	in.”1

Indeed,	most	people	overlook	the	dif-
ficulty	 and	 importance	 of	 the	 language	
barrier	in	international	human	spaceflight	
missions,	with	 the	 notable	 exception	of	
those	who	 have	 flown	 or	 directly	 sup-
ported	 them.	Although	 there	has	been	a	
striking	lack	of	formal	discussion	on	this	
issue,	astronauts	and	their	support	teams	
have	been	remarkably	vocal	about	what	
they	 consider	 to	 be	 a	 significant	 chal-
lenge	with	far-reaching	impacts	on	their	
missions.

Yet,	a	historical	analysis	of	three	past	
international	 human	 spaceflight	 pro-
grams—the	Apollo-Soyuz	Test	 Project	
(ASTP),	 the	 Shuttle-Mir	 Program,	 and	

the	 International Space Station	 (ISS)—
reveals	 that	 their	 language	 protocols	
have	 been	 significantly	 influenced	 by	
geopolitical	factors.	This	has	resulted	in	
sub-optimal	 operational	 environments	
that	 have	 adversely	 affected	 the	 overall	
efficiency	and	safety	of	these	programs.

Language	 protocols,	 therefore,	may	
be	an	ideal	area	to	begin	instituting	fun-
damental	changes	in	international	human	
spaceflight	endeavors	that	are	becoming	
increasingly	multinational	while	also	fac-
ing	flat	or	tightening	budget	environments.

The Apollo-Soyuz Test Project:
The Language of the Listener

On	17	July	1975,	 two	countries	with	
clashing	ideologies	and	distinctly	different	
cultures	completed	the	first	international	
rendezvous	 and	docking	of	 two	 crewed	
spacecraft	 in	orbit.	This	occasion	of	co-
operation,	 known	 as	 the	Apollo-Soyuz	
Test	Project,	 differed	dramatically	 from	
previous	 years	 of	 the	 space	 era,	which	
were	characterized	by	intense	competition	
between	the	United	States	and	the	Soviet	
Union.	Moreover,	this	event	occurred	in	
the	midst	of	the	Cold	War,	during	which	
“there	were	 a	 lot	 of	 imaged	 scenarios	
about	what	threats,	military	threats,	could	
be	 constituted	 and	would	derive	 from	a	
new	theater	like	space.”2

Nevertheless,	 by	 the	 early	 1970s	 the	
Cold	War	had	“thawed	enough	 to	allow	
the	United	States	and	the	Soviet	Union	to	
consider	a	joint	manned	space	mission.”3	
Discussions	of	potential	cooperation	be-
tween	the	two	superpowers	in	space	had	
been	underway	for	over	a	decade	leading	
up	to	ASTP,	though	mostly	in	fields	related	
to	science	and	satellite	applications.	The	
White	House,	however,	did	not	take	co-
operation	in	human	spaceflight	seriously	
until	space	became	“an	important	ingredi-
ent	in	Nixon’s	policy	of	détente	with	the	
Soviet	Union.”4	This	larger	foreign	policy	
agenda	aimed	to	“loosen	tensions	between	
two	 superpowers	 and	 to	 pursue	 shared	

interests	 in	 the	fields	of	 science,	health,	
and	space	in	the	spirit	of	friendship	and	
camaraderie.”5

President	Richard	Nixon	 signed	 the	
first	formal	agreement	for	ASTP	during	a	
visit	to	Moscow	in	May	1972.	As	stated	
in	this	document,	the	primary	purpose	of	
ASTP	was	 to	 develop	 “compatible	 ren-
dezvous	and	docking	systems	of	United	
States	and	Soviet	manned	spacecraft	and	
stations	in	order	to	enhance	the	safety	of	
manned	flight	in	space	and	to	provide	the	
opportunity	for	conducting	joint	scientific	
experiments	 in	 the	 future.”6	Ultimately,	
the	 project	 consisted	 of	 the	 rendezvous	
and	docking	of	an	American	Apollo-type	
spacecraft	with	a	Soviet	Soyuz-type	cap-
sule,	 followed	with	 crewmember	 visits	
to	each	other’s	ships	as	well	as	joint	and	
separate	scientific	experiments—all	over	
the	course	of	just	several	days.

Yet,	ASTP	was	much	more	 than	 an	
engineering	flight	 test	with	 science	 ex-
periments.	As	previously	discussed,	it	was	
part	of	the	Nixon	administration’s	greater	
“policy	 of	 détente.”	Moreover,	 it	was	 a	
way	for	NASA	to	close	the	gap	between	
the	 last	Apollo	mission	and	first	Shuttle	
flight,	given	the	agency’s	tightening	bud-
get	under	the	Nixon	administration.

Planning	began	without	precedent	for	
how	to	carry	out	such	a	mission.	Although	
technical	aspects	consumed	much	of	the	
early	 stages,	NASA’s	ASTP	manager,	
Glynn	Lunney,	remembered	that	 it	soon	
“became	clear	that	we	needed	to	go	over	
and	 clarify,	 besides	 a	 set	 of	 technical	
descriptions	of	how	these	systems	might	
work,	how	would	we	work	together,	how	
would	we	 handle	 public	 affairs,	 how	
would	we	handle	communications,	and	so	
on	and	so	on.”7	Neither	side	had	the	upper	
hand	in	terms	of	technology,	yet	both	were	
adamant	in	protecting	their	own	interests,	
while	 at	 the	 same	 time	 demonstrating	
close	 cooperation	 for	 political	 reasons.	
The	language	protocol	for	ASTP,	and	in	
particular	 how	 it	 evolved,	 reflected	 this	
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environment.
The	language	barrier	was	a	particular	

concern	 to	 the	 crewmembers	 of	ASTP.	
They	 discussed	 the	 subject	 in	 official	
documents	 leading	up	 to	 the	flight,	 and	
have	 also	 revisited	 the	 topic	 in	 their	
memoirs.	Aleskei	Leonov,	commander	of	
the	Soyuz-type	spacecraft,	was	especially	
vocal	about	the	issue.

Just	 over	 a	 year	 before	 the	mission,	
Leonov	reported	that	“There	is	yet	another	
problem	that	we,	as	Soviet	cosmonauts,	
just	 as	our	American	 colleagues,	 regard	
as	 very	 important.	This	 is	 the	 language	
problem.”8	A	 year	 after	 the	 successful	
completion	of	ASTP,	he	wrote	that	from	
the	very	beginning	“overcoming	the	lan-
guage	barrier	was	put	on	the	agenda	along	
with	the	technical	and	control	problems.	
Without	this,	one	could	not	even	talk	about	
a	successful	completion	of	the	program.”9	
Indeed,	when	comparing	the	technical	and	
language	 challenges	 of	ASTP,	 Leonov	
stated	 that	 they	“may	have	had	difficul-
ties	mastering	each	other’s	language,	but	
with	the	technical	side	things	were	much	
simpler.”10

Similar	sentiments	were	present	on	the	
American	 side.	Thomas	Stafford,	 com-
mander	 of	 the	Apollo-type	 spacecraft,	
recalled	that	when	they	began	discussions	
on	how	the	project	would	work,	“each	ex-
change	was	complicated	by	the	language	
barrier,	and	by	wildly	different	approaches	
to	solving	problems.	 I	was	glad	we	had	
three	 years	 to	 get	 ready	 to	 fly.”11	Deke	
Slayton,	 docking	module	 pilot	 for	 the	
Apollo-type	 spacecraft,	 remembered	 he	
“spent	a	lot	of	time	in	the	simulator	train-
ing	to	fly	the	command	module…that	part	
of	 the	 training	went	 smoothly.	The	 lan-
guage	stuff	was	the	real	bear,	however.”12

Slayton	 recalled,	 “When	 I	 added	 up	
the	hours	later,	I	found	I	spent	more	time	
studying	Russian	 than	 doing	 any	 other	
kind	of	training	for	Apollo-Soyuz.”13	Ac-
cording	to	Leonov,	each	ASTP	crewmem-
ber	spent	roughly	1,000	hours	in	language	
lessons	leading	up	to	the	mission.14	Even	
with	 such	 intensive	 training,	 Slayton	
admitted,	“I	never	really	got	comfortable	
with	 the	Russian	 language	 to	 the	extent	
that	I	could	have	conversations.	Partly	this	
was	because	we	concentrated	on	technical	

exchanges…I	could	barely	get	along	in	a	
social	 setting.”15	The	 same	was	 true	 on	
the	Soviet	 side;	Leonov	also	 confessed,	
“Learning	English	 did	 prove	 the	most	
difficult	part	of	our	training…frequently	
I	sat	up	until	after	midnight	memorizing	
words…All	the	same,	my	English	is	noth-
ing	to	brag	about.	All	I	can	say	is	that	the	
U.S.	astronauts	had	as	much	trouble	with	
the	Russian	language.”16

Interestingly,	 there	 appears	 to	 have	
been	an	element	of	competition	in	learning	
each	other’s	 language.	Stafford	 realized	
during	his	first	training	visit	to	the	Soviet	
Union	in	November	1973	“one	thing	that	
was	 clear	was	 that	 the	 cosmonauts	 had	
caught	up	and	passed	us	in	the	language	
race…each	of	 the	Soyuz	crew	members	
had	 an	English	 instructor	with	 him	day	
and	 night.”17	 Slayton	 also	 remembered	
how	“seeing	that	the	Russians	were	getting	
much	better	 in	English	made	us	 realize	
we’d	better	 get	 serious,	 and	 right	 about	
this	time	we	got	several	additional	instruc-
tors.”18	Indeed,	Stafford	had	called	Chris	
Kraft,	then	center	director	of	the	Manned	
Spacecraft	Center	in	Houston,19	to	tell	him	
that	“we	were	not	going	to	be	successful	in	
this	mission	without	more	Russian	instruc-
tors…instructors	on	weekends,	or	6	A.M.	
or	midnight,	they	had	to	be	available.”20

The	 original	ASTP	 agreement	 called	
for	each	crewmember	to	speak	their	own	
language,	 regardless	 of	 whether	 they	
were	 speaking	 to	 a	Soviet	 or	American	
crewmember.21	Thus,	 the	main	 training	
focus	during	the	summer	of	1974	was	on	
ensuring	all	crewmembers	could	at	least	
read	and	understand	basic	technical	com-
mands	 in	 each	other’s	 language.	Crews	
spent	 hours	 “literally	 following	 scripts	
for	a	variety	of	situations	we	expected	to	
encounter.”	However,	they	soon	found	that	
approach	to	be	“insufficient	to	carry	out	
the	required	procedures.”22

It	was	the	astronauts	and	cosmonauts	
themselves	 who	 drove	 the	 complete	
reversal	 of	 the	ASTP	 language	protocol	
during	 that	 same	 summer.	According	 to	
Stafford,	it	all	began	at	a	party	when	he	
and	cosmonaut	Anatoly	Filipchenko	au-
tomatically	tried	to	communicate	in	each	
other’s	 language;	 they	 realized	 that	 this	

Portrait of the Apolllo-Soyuz crewmembers (Source: NASA)
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arrangement	 resulted	 in	 them	“naturally	
speaking	more	 slowly	 and	 distinctly.”23	
They	presented	the	idea	of	“conversing	in	
the	language	of	the	listener”24	to	the	other	
crewmembers	and	flight	planners	the	next	
day.	Because	“nobody	 thought	what	we	
had	was	working	especially	well,	we	all	
agreed	to	give	it	a	try.	It	became	our	stan-
dard	method.”25	From	then	on,	American	
astronauts	spoke	to	Soviet	cosmonauts	in	
Russian,	while	Soviet	cosmonauts	spoke	
to	American	astronauts	in	English.

This	approach	worked	well	in	terms	of	
achieving	both	operational	 and	political	
goals	of	the	mission.	Not	only	did	opera-
tions	go	smoothly	during	flight,	but	also	
television	 audiences	 back	on	Earth	wit-
nessed	Soviet	 cosmonauts	giving	a	 tour	
of	their	Soyuz-type	spacecraft	in	English,	
followed	by	American	astronauts	showing	
their	Apollo-type	 capsule	 in	Russian.26	
These	 televised	 exchanges	 conveyed	
the	unprecedented	extent	of	cooperation	
between	 these	 two	superpowers	and	 the	
closeness	that	the	crews	established	during	
years	of	training	together.

Directly	 after	 the	mission,	 Leonov	
confirmed	 that	 the	ASTP	 approach	 of	
“conversing	 in	 the	 language	 of	 the	 lis-
tener”	was	 “entirely	 justified”	 for	 that	
specific	mission.27	However,	he	also	noted	
that	“in	subsequent	space	expeditions	the	
duration	of	the	flight	will	be	significantly	
increased	 and	 the	 number	 of	 participat-
ing	countries	will	grow,”	thereby	posing	
questions	of	“which	language	will	be	the	
most	acceptable	for	crews	speaking	many	
languages?	How	does	one	prepare	people	
for	overcoming	the	language	barrier?”28

These	 statements	 remain	 true	 today.	
ASTP’s	language	protocol	addressed	op-
erational	constraints	arising	from	having	
only	a	couple	of	years	to	prepare	for	a	mis-
sion	lasting	just	a	few	days.	At	the	same	
time,	it	was	consistent	with	the	mission’s	
foreign	policy	goal	of	illustrating	coopera-
tion	between	the	two	superpowers	of	the	
Cold	War.	This	approach,	however,	lacks	
applicability	to	future	human	spaceflight	
programs,	which	will	most	likely	involve	
expanded	multinational	 cooperation	 in	
long-term	missions	beyond	Earth	orbit.	

Leonov’s	 questions,	 unfortunately,	

remain	unanswered.

Shuttle-Mir Program: Russian Station, 
Russian Rules 

ASTP	and	Shuttle-Mir	were	very	dif-
ferent	programs	in	many	respects,	includ-
ing	their	initial	motivations,	geopolitical	
contexts,	 and	mission	 durations.	While	
ASTP	was	aimed	at	demonstrating	coop-
eration	between	two	superpowers	during	
a	waning	Cold	War,	the	Shuttle-Mir	pro-
gram	was	driven	by	the	budgetary	realities	
and	 geopolitical	 threats	 of	 a	 post-Cold	
War	era.

The	 early	 1990s	 saw	both	American	
and	Russian	 space	 programs	 struggling	
to	establish	clear	purpose	and	vision	with	
increasingly	 limited	 resources.	NASA	
was	fighting	Congress	to	keep	alive	Space	
Station	Freedom—a	 substantially	 over-
budget	and	behind-schedule	cooperative	
effort	 among	 the	United	 States,	 Japan,	
Europe,	and	Canada	to	build	an	orbiting	
station.	At	 the	 same	 time,	 the	 recently	
established	Russian	Space	Agency	(RSA)	
desperately	needed	funding	to	keep	Mir	in	
orbit	given	the	uncertain	budgetary	condi-
tions	of	the	new	Russian	Federation.	The	
post-Cold	War	 chaos	was	 also	 creating	

security	concerns	on	the	American	side,	in	
particular	the	transfer	of	Soviet-era	missile	
technology	to	countries	unfriendly	to	the	
United	States.

Both	 sides	 saw	 that	 the	 Shuttle-Mir	
program	could	address	these	challenges.	
By	sending	its	astronauts	to	Mir,	NASA	
could	gain	valuable	experience	in	space	
station	 operations.	 In	 exchange,	 RSA	
could	 obtain	 funds	 from	NASA	 to	 help	
keep	its	station	in	orbit.	By	keeping	Rus-
sian	 engineers	 engaged	 in	 joint	 space	
activities,	the	United	States	could	prevent	
the	proliferation	of	missile	technology	to	
potentially	hostile	regimes.29

Although	Shuttle-Mir	began	as	a	stand-
alone	 program,	 it	 soon	 became	 Phase	
One	of	a	three-phase	agenda	for	the	ISS	
program—evolved	 from	Space	 Station	
Freedom	 after	 the	 official	 inclusion	 of	
Russia	as	a	station	partner	in	1993.	Phase	
One	was	meant	 to	 prepare	NASA	 and	
RSA	 for	working	 together	 on	 building	
and	operating	 the	 ISS,	 as	 they	were	 the	
two	partners	contributing	the	most	to	the	
station	in	terms	of	resources	and	hardware	
(Phase	Two	 consisted	 of	 ISS	 assembly,	
while	Phase	Three	was	 to	 be	 the	 actual	
operation	of	the	ISS).30

The Apollo-Soyuz handshake (Source: NASA)
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The	Shuttle-Mir	 program	 ultimately	
included	11	Shuttle	flights	and	seven	long-
duration	stays	of	NASA	astronauts	aboard	
Mir,	 from	February	1994	 to	 June	1998.	
The	seven	NASA	astronauts	who	stayed	
on	Mir	during	this	time	were,	in	order	of	
flight,	Norm	Thagard,	 Shannon	Lucid,	
John	Blaha,	Jerry	Linenger,	Mike	Foale,	
David	Wolf,	and	Andy	Thomas.

While	 Shuttle-Mir	was	 clear	 in	 pur-
pose,	 it	was	 turbulent	 in	many	other	re-
spects	including	its	political,	managerial,	
technical,	 and	 safety	 aspects.	Although	
American	and	Soviet	space	programs	had	
become	 close	 during	ASTP,	 the	 Soviet	
Union’s	invasion	of	Afghanistan	in	1979	

severed	 the	 relationship.31	Moscow’s	
space	 infrastructure	 had	 also	 undergone	
serious	decay,	with	Star	City’s	buildings	
literally	crumbling.32

Trust	 issues	 therefore	 arose	 on	 both	
sides.	Stafford	remembered	being	warned	
during	the	early	stages	of	the	program’s	
negotiations	in	Moscow	of	“Russian	con-
cerns	that	America	was	going	to	use	the	
pretext	of	cooperation	to	‘suck	up’	their	
technology	 at	 bargain	 rates.”33	 Former	
NASA	astronaut	Bryan	O’Connor,	during	
his	visit	to	Moscow	in	July	1992,	had	“real	
concerns	about	how	we	can	ensure	a	good,	
safe	 operating	 environment	 for	 [NASA	
personnel]”	given	the	state	of	the	Russian	

space	program,	what	he	called	“one	hell	
of	an	environment.”34

Given	 these	 circumstances,	 it	 is	 not	
surprising	that	astronaut	selection	was	a	
problem	for	NASA.	Not	only	did	the	Rus-
sians	require	that	every	American	to	fly	on	
Mir	be	spaceflight	experienced,	but	when	
NASA	management	went	 looking	 for	
candidates	in	early	1992,	“They	weren’t	
stampeded.”35	Out	of	over	100	astronauts	
in	the	corps,	only	“about	eleven	or	twelve”	
volunteered.36	Most	were	astronaut	veter-
ans	who,	as	Thagard	described,	“thought	
it	was	a	neat	thing	to	do…it	was	a	ride	on	
a	Soyuz	rocket,	it	was	training	in	Russia,	
and	it	was	long-duration…which	would	be	

Suttle-Mir (Source: NASA)
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unlike	anything	that	I’d	experienced	in	the	
Shuttle	Program.”37	But	as	Blaha	recalled,	
“as	people	started	hearing	reports	back,	I	
think	the	volunteer	list	diminished.”38

During	 the	 program’s	 operational	
years,	ongoing	technical	problems	raised	
significant	safety	concerns.	In	the	course	
of	just	Linenger’s	stint	on	the	station,	there	
was	a	fire	that	lasted	roughly	15	minutes,	a	
near	miss	of	a	Progress	cargo	ship	crashing	
into	Mir,	and	coolant	leaks	that	released	
toxic	chemicals	and	raised	 temperatures	
on	Mir	to	over	90	degrees	Fahrenheit.	The	
most	 serious	 accident	 occurred	 in	 June	
1997	during	Foale’s	stay	on	Mir;	a	Prog-
ress	cargo	ship	actually	collided	with	the	
station,	causing	a	loss	of	air	pressure	and	
resulting	in	a	life-threatening	situation	for	
the	crew.	Although	disaster	was	averted,	
the	event	raised	the	possibility	of	program	
cancellation	due	 to	 concerns	 of	 “an	 ag-
ing	spacecraft	that	has	long	exceeded	its	
original	design	life	and	is	exhibiting	an	in-
creasing	number	of	in-flight	anomalies.”39

In	the	end,	Shuttle-Mir	was	completed,	
though	some	say	not	entirely	successfully.	
Blaha	believed	that	NASA	achieved	only	
half	of	the	mission’s	purpose—how	to	use	
the	Shuttle	to	service	a	space	station—but	
failed	to	accomplish	the	other	half—how	
to	 train	 for	 and	 execute	 long-duration	
space	missions.40	This	struggle	with	long-
duration	 space	missions	was	 reflected	
in	NASA’s	 approach	 toward	 addressing	
Shuttle-Mir’s	language	protocol;	although	
the	requirement	that	all	Shuttle-Mir	astro-
nauts	communicate	in	Russian	appeared	
relatively	 straightforward,	 it	 required	
much	more	 preparation	 and	 resulted	 in	
much	further-reaching	implications	than	
initially	 anticipated	 by	NASA	manage-
ment.

Indeed,	compared	to	the	diverse	set	of	
operational	and	political	challenges	lead-
ing	up	to	and	during	the	Shuttle-Mir	Pro-
gram,	the	language	protocol	appears	rela-
tively	simple:	anyone	flying	aboard	Mir	
had	to	speak	Russian.	NASA	management	
certainly	thought	this	was	an	undemand-
ing	requirement;	when	language	teachers	
insisted	 that	 it	would	 take	 two	years	 of	
concentrated	 Russian	 training	 before	
astronauts	 could	 undertake	 cosmonaut	

training	in	Star	City,	NASA	management	
replied:	 “These	 are	 astronauts.	They’re	
smarter	 than	 normal	 people.	They	 only	
need	five	months.”41

Language,	 however,	was	 a	 key	 chal-
lenge	 in	 the	 eyes	 of	 the	Phase	One	 as-
tronauts	 and	 their	 support	 teams.	Many	
of	 the	69	interviewees	for	NASA’s	Oral	
History	Project	 on	 the	Shuttle-Mir	 Pro-
gram	brought	up	the	language	issue.	In	his	
interview,	Blaha	even	said	while	at	Star	
City	and	also	after	returning,	he	continu-
ally	“told	every	senior	person	at	NASA…
that	 the	biggest	mistake	NASA	made	in	
the	Russian-American	Mir	program	was	
inadequate	 Russian	 language	 training	
before	we	arrived	in	the	training	program	
in	Star	City.”42

Because	NASA’s	 language	 training	
regime	developed	alongside	the	program,	
“all	 seven	 crew	members	 had	 different	
Russian	 language	 preparation	 before	
they	went	 to	Russia.”43	 In	general,	after	
being	assigned	to	a	Shuttle-Mir	mission,	
NASA	astronauts	received	some	form	of	
classroom	instruction	in	the	United	States	
to	 prepare	 for	 their	 Star	City	 training,	
which	was	conducted	entirely	in	Russian	
and	culminated	in	oral	exams	on	Mir	and	
Soyuz	technical	systems,	which	they	had	
to	pass	in	order	to	fly.

This	ad	hoc	approach	to	language	train-
ing	 resulted	 in	 varying	 experiences	 for	
each	of	NASA’s	Shuttle-Mir	astronauts	as	
they	trained	for	and	flew	their	missions.	
Foale	 believed	 that	 his	 particular	 com-
mitment	to	learning	the	Russian	language	
resulted	in	a	smoother	adjustment	to	his	
Russian	crewmates,	something	with	which	
other	 Phase	One	 astronauts	 struggled.44	
Linenger	had	a	particularly	difficult	time	
integrating	with	his	Mir	crewmembers,	in	
part	due	to	his	struggle	with	the	Russian	
language.45

Language	differences	not	only	limited	
crew	social	interactions,	but	also	caused	
additional	 stress	 on	NASA	 astronauts.	
Blaha	 believed	 that	 the	 Phase	One	 as-
tronauts	 underwent	 unnecessary	 strain	
due	 to	 inadequate	 language	 preparation	
from	NASA,	stating	that	“not	adequately	
preparing	people	in	the	Russian	language	
before	they	went	through	the	gates	of	Star	

City…made	 everything	 for	 each	 crew	
member	three,	four,	five	times	as	difficult	
as	it	needed	to	be.”46

Indeed,	NASA	Phase	One	 astronauts	
were	not	fluent	in	Russian.	Lucid	believed	
that	language	was	a	barrier	for	anything	
beyond	 simple	 conversation	 because	
“there	were	times	when	you	would	really	
like	 to	get	 into	a	more	 in-depth	conver-
sation	on	 topics	 and	you’d	very	 rapidly	
come	up	 to	 the	 limit	of	what	you	could	
deal	with.”47	Thagard	said	he	could	claim	
fluency	in	“technical	Russian”	but	never	
in	 “conversational	Russian”	 because	 he	
could	read	Russian	technical	documents	
“as	if	they	were	in	English”	but	could	only	
understand	“maybe	25	percent”	of	Russian	
news	broadcasts.48

Language	barriers	also	affected	opera-
tional	efficiencies	between	the	station	and	
the	ground.	Although	Mir	crewmembers	
could	speak	Russian,	other	NASA	person-
nel	 only	 spoke	English.	Blaha	 recalled	
how	this	protocol	wasted	“valuable”	time	
during	calls	between	Mir	and	Russian	mis-
sion	control	because	he	“listened	to	all	of	
the	Russian	discussions	with	the	ground”	
and	then	“listened	to	the	Americans	when	
they	got	on	the	radio	telling	me	in	English	
what	I	already	had	heard	in	Russian	five	
hours	earlier”	and	sometimes	“their	Eng-
lish	version	wasn’t	exactly	right.”49	More-
over,	the	subtleties	of	science	experiments	
were	 particularly	 difficult	 to	 conduct	
through	 translators;	 Bill	Gerstenmaier	
has	 described	 his	 frustration	 in	 having	
to	work	 through	 interpreters	 to	 prepare	
Lucid’s	science	experiments	prior	to	her	
arrival	on	Mir.50

Americans	were	also	concerned	about	
the	 safety	 issues	 arising	 from	 language	
barriers.	A	letter	to	Congress	from	NASA’s	
Office	 of	 Inspector	General	 in	August	
1997	stated,	“Thagard,	Lucid,	and	Blaha	
all	 agreed	 that	 better	 proficiency	 in	 the	
Russian	 language	 is	 necessary	 for	 safe	
operations	 on	 the	Mir.	They	 all	 agreed	
that	 language	 proficiencies	 should	 be	
improved	 for	 all	 crew	members	 aboard	
the	ISS.”51

In	sum,	the	Shuttle-Mir	language	pro-
tocol—using	Russian	 as	 the	 program’s	
single	operating	language—was	straight-
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forward	 as	well	 as	 realistic	 given	 that	
NASA	astronauts	were	essentially	guests	
on	an	entirely	Russian-built	station.	How-
ever,	the	language-related	issues	that	arose	
during	 the	 Shuttle-Mir	 Program	were	
much	more	complicated	than	the	language	
protocol	itself.	The	lessons	learned	from	
this	 experience	 indicate	 that,	 even	with	
a	 single	 operating	 language,	 adequate	
training	is	critical	for	not	only	better	crew-
crew	and	crew-ground	relations,	but	also	
maximizing	efficiency	and	safety	during	
mission	operations.

International Space Station: The Grav-
ity of Implicit Language Rules

NASA	had	been	developing	plans	for	a	
crewed	space	station	well	before	President	
Ronald	Reagan	announced,	in	his	State	of	
the	Union	 address	 on	25	 January	1984,	
that	he	was	“directing	NASA	to	develop	
a	permanently	manned	space	station	and	
to	do	it	within	a	decade.”	Reagan	openly	
invited	 other	 countries	 to	 participate	 in	
the	 initiative,	 originally	 called	 Space	

Station	Freedom,	 and	 sent	 then-NASA	
Administrator	James	Beggs	to	seek	pos-
sible	partners.

This	notion	of	international	cooperation	
was	not	a	surprise	to	NASA,	as	possible	
international	involvement	had	“been	the	
subject	 of	 extensive	 discussion”	 dur-
ing	the	early	1980s,	when	NASA	began	
seeking	U.S.	government	approval	of	its	
space	station	proposal.52	Due	in	large	part	
to	 technology	 transfer	 concerns	 on	 the	
American	side,	it	was	not	until	1988	that	
the	original	part-ners—the	United	States,	
Japan,	Europe,	and	Canada—signed	 the	
first	 formal	 commitment	 to	 develop	 the	
station.	This	original	agreement	identified	
the	United	States	as	the	primary	contribu-
tor	and	managing	partner	for	the	station,	
with	the	other	partners	providing	discrete	
augmentations	to	the	American-built	core	
structure	“with	minimal	interfaces	to	any	
critical	path	or	infrastructure	elements.”53

Space	 Station	Freedom	 underwent	
various	 redesigns	 aimed	 at	 keeping	 the	
program	alive	throughout	the	late	1980s	

and	early	1990s	for	a	number	of	reasons,	
most	 notably	 the	Challenger	 accident,	
cost	and	schedule	overruns,	and	congres-
sional	opposition	and	micromanagement.	
In	1993,	almost	a	decade	after	Reagan’s	
initial	announcement,	Space	Station	Free-
dom	had	cost	the	United	States	$10	billion	
with	little	hardware	developed	and	none	
launched	into	orbit.	That	year,	Congress	
nearly	passed	a	bill	that	would	have	can-
celled	the	program	entirely.	Space	Station	
Freedom	survived	by	just	one	vote.54

A	year	later,	however,	the	same	Con-
gress	supported	the	program	by	a	123-vote	
margin.55	The	 reason	 for	 this	 notable	
change	was	the	inclusion	of	Russia	as	a	
station	partner.	As	previously	discussed,	
this	plan	had	both	technical	and	political	
advantages	for	the	United	States.	The	Rus-
sians	had	considerably	more	experience	in	
building	and	operating	space	stations,	so	
the	partnership	was	clearly	beneficial	for	
NASA.	More	important,	this	U.S.-Russian	
partnership	 in	 space	 aligned	 the	 station	
with	 President	William	 [Bill]	Clinton’s	
high-priority	 foreign	 policy	 agenda;	 in	
return	 for	 the	United	 States	 providing	
funds	 to	Russia	 for	 technical	 assistance	
on	the	station,	the	Russians	would	adhere	
to	 the	Missile	Technology	Control	Re-
gime.56	With	the	inclusion	of	Russia	as	a	
significant	partner,	Space	Station	Freedom	
became	the	International Space Station.

Although	NASA	retained	a	dominant	
role	 in	 ISS	 decision	making,	 “coordina-
tion	 in	 the	 early	 planning	 phases	 indi-
cated	 a	 consideration	 of	 foreign	partner	
interests	 and	 objectives	 unprecedented	
in	 space	 cooperation	 hitherto.”57	While	
not	intended	in	its	original	form,	the	ISS	
became	 a	 program	 in	which	 the	United	
States	depended	on	 its	 foreign	partners,	
in	 particular	Russia.	The	 core	 structure	
of	the	ISS	transformed	from	a	single	U.S.	
module	to	two	modules,	one	Russian	and	
one	American,	with	 the	Russian	service	
module,	Zarya,	launched	first	in	1998.

Major	 contributions	 from	 the	 other	
ISS	partners	have	followed	and	assembly	
of	the	station	is	now	complete.	Although	
years	 behind	 schedule	 and	 billions	 of	
dollars	over	budget,	the	ISS	is	a	truly	mul-
tinational	endeavor	that	allows	for	larger	

Astronaut Foale and Cosmonauts Lazutkin and Tsibliyev brief ground control in June 
1997 after a Progress cargo ship collided with the Mir station. (Source: NASA)
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crews	 and	 better-equipped	 laboratories	
that	will	be	available	to	greater	range	of	
users	over	the	next	decade	as	the	ISS	enters	
its	utilization	phase.	Its	often	sub-optimal	
and	implicit	language	protocols,	however,	
reflect	the	continuing	influence	of	larger	
geopolitical	factors	on	human	spaceflight.

English	is	the	official	language	of	the	
ISS,	 explicitly	 required	 by	 each	 of	 the	
station’s	 four	Memorandums	of	Under-
standing	 (MOUs)	 between	NASA	 and	
each	of	the	other	partners.	While	the	use	
of	Russian	as	another	primary	 language	
is	not	explicitly	mentioned	in	any	of	the	
ISS	agreements,	their	text	was	crafted	with	
this	in	mind.58	Russian	therefore	emerged	
as	an	implicitly	required	language	on	the	
ISS	due	to	several	factors,	some	associated	
with	operational	requirements	and	others	
much	more	political	in	nature.

Through	Mir,	Russian	had	become	the	
“central	language”	for	human	spaceflight	
activities	because	so	many	countries	had	
flown	their	astronauts	aboard	the	station	
under	 the	 requirement	 that	Russian	was	
the	 operating	 language.59	Yet,	 English	
was	 designated	 the	 official	 language	 of	
the	ISS	because	the	program	was	initially	
an	American-led	 endeavor;	 the	 original	
agreement	 for	 Space	 Station	Freedom	
cites	English	as	the	single	operating	lan-
guage	with	all	crewmembers	to	be	trained	
in	Houston,	and	the	English	requirement	
carried	over	to	the	ISS	MOUs	even	after	
the	partnership	expanded	to	include	Rus-
sia.60

The	addition	of	Russia	presented	lan-
guage	protocol	issues,	however,	because	it	
entailed	substantial	Russian	contributions	
to	the	station	and	also	designated	Star	City	
as	a	training	center	in	addition	to	NASA’s	
Houston	 facilities.	Consequently,	Rus-
sian	became	a	key	language	for	the	ISS,	
in	 large	 part	 because	 of	 the	 operational	
requirements	 necessitated	 by	Russia’s	
essential	 contributions	 to	 crew	 training,	
launch	 services,	 station	 hardware,	 and	
operational	support.61

This	 relationship	 is	 reflected,	 albeit	
implicitly,	 in	 the	 ISS	MOUs.	Article	 21	
in	all	four	of	the	ISS	MOUs	states,	“The	
working	language	for	all	activities	under	
this	MOU	will	be	the	English	language…

The	foregoing	principle	does	not	preclude	
the	 use	 of	 another	 language	when	 such	
use	is	accepted,	 in	specific	instances,	as	
agreed	 by	 the	 Parties.”	NASA’s	MOU	
with	RSA,	 however,	 has	 a	 unique	 lan-
guage	rule	that	is	absent	from	the	others.	
Its	Article	 11.8	 recognizes	 that	English	
is	the	main	operating	language	for	crew	
activities	but	also	states,	“Other	languages	
may	be	used	when	appropriate,	consistent	
with	safety	requirements	and	the	concept	
of	 an	 integrated	 crew.	The	 [Multilateral	
Crew	Operations	Panel]	will	 define	 the	
language	 to	 be	 used	 for	 crew	 training.”

While	Article	 21	 clearly	 identifies	
English	as	the	primary	working	language	
of	 the	 station,	 the	 intended	meaning	 of	
Article	11.8	in	the	NASA-RSA	MOU	ap-
pears	vague	at	face	value.	Although	this	
unique	 stipulation	 does	 not	 specifically	
mention	 the	Russian	 language,	 it	 was	
included	 to	 accommodate	 the	 relatively	
last-minute	 addition	 of	Russia	 as	 a	 key	
partner	in	the	ISS	program.62	Indeed,	non-
Russian	crewmembers	trained	in	Star	City	
and	launched	aboard	the	Soyuz,	thereby	
necessitating	a	working	knowledge	of	the	
Russian	language.

This	 additional	 stipulation	 in	 the	
NASA-RSA	MOU	has	had	important	im-
pacts	on	language	usage	onboard	the	ISS.	
Today,	 crewmembers	 use	 both	English	
and	Russian.	The	choice	typically	depends	
on	 the	 language	 of	 the	 provider	 of	 the	
vehicle	or	module,	as	that	determines	the	
language	in	which	procedures	are	written	
and	ground	support	 is	provided.63	Thus,	
English	is	used	on	American	vehicles	and	
modules,	while	Russian	is	used	on	Russian	
vehicles	and	modules.

Canadian,	 Japanese,	 and	 European	
partners	 typically	 use	English	 for	 their	
operations	 and	procedures,	 though	 their	
crewmembers	 can	 also	 speak	Russian.64	
This	is	in	large	part	because	the	Soyuz	is	
the	only	emergency	escape	vehicle	for	the	
ISS	(all	U.S.	programs	to	develop	such	a	
vehicle	were	cancelled),	thereby	requiring	
ISS	crewmembers	to	train	in	the	Russian	
language	 so	 that	 they	 can	 operate	 the	
Soyuz	in	an	emergency	situation.65	Japa-
nese	and	European	crewmembers	 speak	
their	own	languages	under	certain	circum-

stances,	such	as	when	they	communicate	
with	their	personnel	on	the	ground	about	
press	releases	or	science	experiments.66

These	language	protocols,	though	flex-
ible	to	accommodate	the	multinational	en-
vironment	of	the	ISS,	have	led	to	concerns	
about	the	safety	and	efficiency	of	station	
operations.	Most	 notably,	 interpreter	
support	is	deeply	embedded	into	the	ISS	
program;	translation	teams	for	English	and	
Russian	are	constantly	present	at	mission	
control	centers	in	Moscow	and	Houston,	
respectively,	 resulting	 in	 “heavy	 costs”	
to	the	partners.67	Moreover,	this	reliance	
on	 translators,	who	 are	 not	 necessarily	
trained	in	 the	technical	aspects	of	space	
operations,	can	cause	substantial	content	
to	be	missed	or	misunderstood	on	the	first	
read-down.68	 Interestingly,	 the	 Japanese	
also	indicated	the	requirement	of	speaking	
both	English	and	Russian	notably	limited	
their	available	workforce.69

Language	 usage	 on	 the	 ISS	will	 no	
doubt	continue	to	evolve,	in	perhaps	un-
expected	ways.	For	example,	the	Russian	
language	became	more	important	for	ISS	
operations	than	originally	intended,	in	part	
because	of	unforeseen	challenges	with	the	
U.S.	Shuttle—	including	 its	 lower-than-
anticipated	flight	rates,	grounding	after	the	
Columbia	accident,	and	retirement	nearly	
a	 decade	 before	 the	 end	 of	 ISS	 utiliza-
tion.70	This	increased	use	of	Russian	for	
ISS	 operations	may	change,	however,	 if	
American	companies	currently	developing	
commercial	crew	capabilities	to	provide	
ISS	transportation	services	are	successful.

Looking Forward: Optimizing Lan-
guage Protocols for Human Spaceflight

The	 above	historical	 analysis	 reveals	
the	far-reaching	impacts	of	language	pro-
tocols	on	the	efficiency,	safety,	and	social	
aspects	of	international	human	spaceflight	
programs.	Moreover,	 it	 illustrates	 the	
sub-optimizing	 influence	of	geopolitical	
factors	 on	 language-related	 issues,	 sug-
gesting	that	opportunities	exist	to	improve	
language	protocol	decisions	for	future	hu-
man	spaceflight	programs	as	they	become	
increasingly	multinational.

The	importance	of	language	protocols	
with	regards	to	safety	and	efficiency,	how-
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ever,	is	often	underestimated.
Although	there	has	been	a	striking	lack	

of	formal	discussion	on	this	issue,	those	
who	have	flown	or	directly	supported	such	
missions	are	remarkably	vocal	about	what	
they	 consider	 to	 be	 one	 of	 the	 greatest	
challenges	of	their	experiences.

Bill	Gerstenmaier	–	who	was	stationed	
in	Russia	to	support	Shannon	Lucid	dur-
ing	her	Shuttle-Mir	mission	and	 is	now	
the	 associate	 administrator	 of	NASA’s	
Human	Exploration	and	Operations	Mis-
sion	Directorate	–	believes	 that	a	single	
language	should	be	used	in	the	future	be-
cause	of	the	efficiency	benefits.	Requiring	
astronauts	to	learn	more	than	one	language	
significantly	impedes	mission	execution,	
and	 allowing	more	 than	 one	 language	
would	likely	result	in	ongoing	wrangling	
among	participants	to	have	their	language	
required	as	well.71

Shuttle-Mir	 astronaut	Michael	 Foale	
believes	a	common	language	helps	new-
comers	 to	 a	 program	 “know	where	 to	
start,”	which	will	 be	 particularly	 useful	
in	 anticipated	 human	 space	 exploration	
frameworks	 that	 intend	 to	 expand	 par-
ticipation	beyond	traditional	partners.72	In	
terms	of	safety,	he	remembers	miscommu-
nications	due	to	language	barriers	caused	
issues	in	the	past;	substantial	content	can	
be	lost	during	translations,	often	because	
interpreters	are	trained	in	linguistics	but	
not	in	the	technical	aspects	of	space	op-
erations.

As	 space	 exploration	 endeavors	 be-
come	 increasingly	multinational	while	
also	facing	tighter	budget	environments,	
fundamental	changes	are	needed	 to	em-
phasize	more	 efficient	 usage	 of	 limited	
resources	while	 still	 preserving	 opera-
tional	 safety.	 Language	 protocols	may	
be	 a	manageable	 starting	 point.	As	 the	
international	space	community	begins	to	
collectively	plan	its	steps	beyond	the	ISS,	
efforts	should	include	institutionalizing	a	
single,	standardized	language.
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BOOK REVIEW

Forever Young: A Life of 
Adventure in Air and Space

Forever Young: A Life of Adventure 
in Air and Space	by	John	Young	and	
James	Hansen.	Gainesville,	Florida:	
University	Press	of	Florida,	2012.

John	Young	is	the	dean	of	the	Ameri-
can	 astronaut	 corps,	with	missions	 on	
Gemini,	Apollo,	 and	 the	Space	Shuttle	
and	 some	 important	NASA	 leadership	
positions	to	boot.	So	it’s	not	surprising	
that	his	memoirs	fill	414	pages	of	smaller-
than-usual	type.	This	is	easily	the	most	
technical	 of	 the	 astronaut	 autobiogra-
phies,	and	readers	may	need	to	look	up	
a	few	terms.	Some	sections,	such	as	the	
one	on	Shuttle	landing	sites,	could	have	
been	telescoped	without	losing	the	point.
Nonetheless,	this	is	compelling	read-

ing.		From	his	days	as	a	Navy	test	pilot	
through	 astronaut	 selection	 and	 his	
Gemini	 flight,	Young	 details	 the	 chal-
lenge	of	moving	from	air	to	space	with	
you-are-there	detail.	When	describing	his	
Apollo	10	and	16	flights,	he	makes	a	point	
of	saying	what	a	team	effort	the	program	
was,	crediting	some	unsung	engineers	by	
name.	Young	presents	a	vivid	description	
of	working	on	the	Moon	and	the	problems	
to	be	aware	of	 if	we	 return.	As	 for	his	
comrades,	he	praises	Neil	Armstrong	but	
thinks	Buzz	Aldrin	was	“not	as	smart	as	
he	thought	he	was.”	
Young	was	chief	of	the	Astronaut	Of-

fice	in	the	lean	years	between	Apollo	and	
Shuttle.		He	writes	that	Skylab	was	de-
liberately	designed	with	a	short	lifespan	
to	force	building	of	a	true	space	station,	
but	he	doesn’t	document	this.	
Young	had	considerable	input	on	the	

Shuttle	(though	he	wanted	an	all-reusable	
system)	 and	 flew	 its	 first	mission.	He	
liked	the	Shuttle’s	performance,	although	

Reviewed	by	Matt	Bille

he	makes	 clear	 it	 never	 flew	without	
potentially	 serious	 glitches	 arising.	 (A	
humanizing	 feature	 of	Young’s	writing	
is	his	willingness	to	admit	he	was	scared	
by	problems	on	his	spaceflights.)			Young	
thought	 declaring	 the	 Shuttle	 “opera-
tional”	was	ridiculous	and	led	to	unsafe	
operations.	
Young	worked	well	 with	 Johnson	

Space	Center	 director	George	Abbey,	
but	says	almost	nothing	about	him.	This	
is	 an	 unfortunate	 omission,	 as	Young	
could	 have	 shed	 light	 on	 controversies	
such	as	Abbey’s	secretive	crew	selection	
process,	which	historian	Andrew	Chaikin	
described	as	instilling	confusion	and	fear.
Every	book	has	some	glitches.	Forever 

Young	includes	a	misquotation	from	H.G.	
Wells	and	some	jumps	between	English	
and	metric	units.	Mistakes	like	saying	the	
Lunar	Module	(LM)	had	three	legs	and	
the	Apollo	10	LM	had	no	legs	installed	
are	jarring.		Hansen	says	deadlines	and	
Young’s	availability	–	the	astronaut	was	
ill	during	part	of	 the	writing	time	-	 led	
to	the	errors,	which	will	be	fixed	in	the	
next	printing.	
Young	lauds	the	Shuttle-Mir	missions	

with	no	mention	of	their	safety	problems,	
which	is	odd	since	he	spends	a	great	deal	
of	the	book	addressing	safety.	He	is	deep-
ly	critical	of	a	NASA	culture	that	didn’t	
put	safety	first,	though	he	did	not	foresee	
the	two	Shuttle	accidents.	He	knew	there	
were	O-ring	problems	but	thought	they	
were	being	handled,	and	he	feared	orbital	
debris	more	than	launch	debris.			
In	 recounting	 his	 testimony	 before	

the	Rogers	Commission	on	Challenger,	
Young	stresses	that	too	much	important	
information,	including	the	seriousness	of	
the	O-ring	problems,	never	reached	his	

office.	Young	also	says	he	found	deliber-
ately	sabotaged	O-rings	when	he	visited	
Morton	Thiokol,	but	he	gives	no	details.
Young	endorsed	the	Vision	for	Space	

Exploration,	and	he	is	harshly	critical	of	
the	changes	under	the	Obama	adminis-
tration.	He	argues	for	a	more	ambitious	
American	 space	 program,	 not	 only	 for	
the	sake	of	exploration	but	 to	meet	 the	
threat	 of	 Earth-crossing	 asteroids	 and	
the	need	for	clean	power	(although	some	
of	 the	space	power	discussion	is	pretty	
speculative).		
All	quibbles	aside,	this	is	a	very	impor-

tant	contribution	to	space	history.	Young	
has	a	unique	perspective	and	a	lifetime	
of	experience	to	share.	If	this	book	isn’t	
for	 everyone,	 it’s	 a	major	 resource	 for	
understanding	of	 the	past	and	planning	
for	the	future	in	spaceflight.

Matt Bille is a former Air Force officer, 
now a freelance science writer and his-
torian in Colorado Springs, Colorado.  
He coauthored the NASA-sponsored 
history The First Space Race: Launch-
ing the World’s First Satellites (Texas 
A&M, 2004).  Reach him through his 
website at www.mattwriter.com.
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6TH WERNHER VON BRAUN MEMORIAL SYMPOSIUM

Snapshots of the 6th Wernher von
Braun Memorial Symposium

Young professionals

Audience on opening morning

Mary Lynne Dittmar, panel moderator

Julie Van Kleeck, Charlie Precourt, and Virginia Barnes

Buffet lunch Networking
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Mark Your Calendar
October 27-29, 2014

7th Wernher von Braun Memorial 
Symposium

The University of Alabama in Huntsville
Huntsville, Alabama

Commercial Cargo and Crew panel

Virginia Barnes Rick Navarro

Frank Slazer with student poster award winners

Jim Kirkpatrick

Photos courtesy of The Boeing Company/Eric Shindelbower
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Membership Application
Membership Type
       Member.........................................$100

 Senior Member..................... $115  
 Fellow (renewal only)............ $115   
 Retired................................. $50  
 Teacher (K-12)...................... $45  
 Student (full-time)................. $45  

 ___________________________________________________________________________________________
Mr./Mrs./Ms./Dr.	 																		Last	Name	 	 First	Name

 ___________________________________________________________________________________________
Title	 Organization

 ___________________________________________________________________________________________
Address	

 ___________________________________________________________________________________________
City	 State	 Zip	Code

 ___________________________________________________________________________________________

703-866-0020

. Payment Method
  Check
	 	 	VISA		 	AMEX		 	MasterCard
			___________________________________
Credit Card Number

	____________________________________
Expiration Date

	____________________________________
Signature 

Mail to:	 AAS
	 6352	Rolling	Mill	Place,	Suite	102
	 Springfield,	VA	22152-2370
Fax to:		 703-866-3526

Membership Benefits Include: Subscriptions	 to	The Journal of the Astronautical Sciences 
(quarterly)	and	SPACE TIMES magazine	(bi-monthly),	as	well	as	reduced	rates	at	all	AAS	events.	
Visit	the	AAS	website	for	additional	information	about	benefits.

www.astronautical.org          www.twitter.com/astrosociety
www.facebook.com/AmericanAstronauticalSociety

A popular way of donating to an organization is through a gift by means 
of a will (i.e., to make a bequest). You may decide to consider either 
a general bequest to the AAS or a bequest targeted to an existing or 
new AAS scholarship or an award fund. These bequests are deductible 
against estate and inheritance taxes.

There are also tax advantages when making charitable donations to 
the AAS while you are living. Such gifts could contribute to the memory 
of someone who has passed away or be made in the honor of a person 
who is still alive. In addition, special occasions offer opportunities for 
gifts to be directed to the Society.

As a final note, although the AAS is able to provide suggestions for 
charitable giving, your financial or legal advisor should be consulted 
about such actions.

Charitable Giving and the AAS
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UPCOMING EVENTS

January	26-30,	2014
* AAS/AIAA Space Flight Mechanics Meeting
La	Fonda	on	the	Plaza
Sante	Fe,	New	Mexico
www.space-flight.org

January	31-February	5,	2014
Annual Guidance and Control Conference
Beaver	Run	Resort
Breckenridge,	Colorado
www.aas-rocky-mountain-section.org

March	4-6,	2014
Robert H. Goddard Memorial Symposium
Science and Exploration: Engineering the Future
Greenbelt	Marriott
Greenbelt,	Maryland
www.astronautical.org

April	26-27,	2014
USA Science and Engineering Festival
Washington,	DC
www.usasciencefestival.org

June	13-15,	2014
Student CanSat Competition
Abilene,	Texas
www.cansatcompetition.com

June	17-19,	2014
3rd Annual International Space Station (ISS)
Research and Development Conference
Hyatt	Regency	McCormick	Place
Chicago,	Illinois
www.astronautical.org
Abstract Deadline:	February	14,	2014

* AAS Co-sponsored Meetings

    AAS Corporate Members
    a.i. solutions, Inc.
    Aerojet Rocketdyne
    The Aerospace Corporation
    Air Force Institute of  Technology
    Analytical Graphics, Inc.
    Applied Defense Solutions, Inc.
    Arianespace
    Auburn University
    Ball Aerospace & Technologies Corp.
    The Boeing Company
    CASIS
    Colorado Center for Astrodynamics Research (CCAR)
    dataCon, Inc.
    Dittmar Associates, Inc.
    Dynetics
    Edge Space Systems, Inc.
    Embry-Riddle Aeronautical University
    Euroconsult USA, Inc.
    Honeywell Technology Solutions, Inc.
    International Space University
    Jet Propulsion Laboratory
    JHU / Applied Physics Laboratory
    KinetX, Inc.
    Leverage Dynamics LLC
    Lockheed Martin Corporation
    Marquette University
    Noblis
    Northrop Grumman
    Orbital Sciences Corporation
    The Pennsylvania State University
    Phillips & Company
    Qwaltec
    RWI International Consulting Services
    Science Applications International Corporation
    SGT, Inc.
    Space and Technology Policy Group, LLC
    Space Dynamics Lab / Utah State University
    SpaceX
    The Tauri Group
    Technica, Inc.
    Texas A&M University
    United Launch Alliance
    Univelt, Inc.
    Universities Space Research Association
    University of  Alabama in Huntsville
    University of  Florida
    University of  Texas at Austin
    Virginia Commercial Space Flight Authority /

    Mid-Atlantic Regional Spaceport
    Women in Aerospace

   Thank you for your continued support!

AAS Events Schedule

Renew or join AAS at
www.astronautical.org
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