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The	RadiaCon	Environment	
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Space Elevator 
Strengths

• Routine [daily] access to space
• Revolutionarily inexpensive [<$100 per kg] to GEO and beyond
• Commercial infrastructure development similar to bridge building
• Permanent infrastructure [24/7/365/50 years]
• Massively re-usable, no consumption of fuels
• Environmentally sound/sustainable - will make Earth "greener"
• Safe (low risk) and reliable [no shake, rattle and roll of rocket liftoff]
• Low probability of creating orbital debris
• Redundant paths as multiple sets of Space Elevators become operational
• Massive loads per day [starts at 14 metric tons cargo loads]
• Opens up tremendous design opportunities for users
• Optimized for geostationary orbit altitude and beyond
• Co-orbits with GEO systems for easy integration

10/22/19 4



Vision of the 
Galactic Harbour Piers

10/22/19 5

• Space Elevator Transportation 
System serves as the ‘main 
channel’ in the Galactic Harbour.  

• Businesses access the main 
channel from the Earth Port, the 
GEO Node, and the APEX 
Region.  

• Businesses flourish as part of the 
Space Elevator Enterprise 
System  

Galactic Harbour 
The Unifying Vision



 Today’s Agenda
Introduction
Where is the Space Elevator Today?
Tether Material
Engineering Development 
 Where are We?
Conclusion

Galactic Harbours will Unify 
Transportation and Enterprise 

Throughout the Regions.  

10/22/19 6

GALACTIC HARBOUR

200 KM PLUS

Copyright ISEC, 2017 http://isec.org/ 

Climber

35, 378 km

100,000 km

Climber 
arriving

Climber
arriving

Parking
orbit Parking

orbit

Climber passing 
through 
GEO altitude

Sensor Orbit

Tether 
Terminus #1

Tether 
Terminus #2

Headquarters  /
Primary Operations Center H

AMBULANC
E

Floating 
Operations
Platform

GEO NODE
GEO Node 
Regional 
Boundary

 Apex Anchor Apex Anchor

800 KM PLUS

H

H



2019 Breakout Year

• This phase change in Space Elevators has 
several elements, to include movement from: 
– Space Elevator to Galactic Harbour 
– Wishing for a material for the tether to having 

one successfully tested 
– An immature plan to a preliminary positive 

assessment of each technology within 
– each system segment 
– Quiet discussions in small groups to advocacy 

across the world. 
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Case for 
Space Elevators

Point One: Space Elevator Transportation Infrastructure - if you ship 
100 tons of mission support equipment from the Earth Port; 100 tons 
show up in proper orbit.  No rocket equation eating up launch pad 
mass.
Point Two: Interplanetary Mission Support - Departs daily from 
Apex to Mars (no 26-months wait between launch windows) with rapid 
transit (77 days best time) plus other solar-system destinations.
Point Three: Inexpensive, routine, and environmentally friendly daily 
departures from the Galactic Harbour's Earth Port. 
Point Four: Single Crystal Graphene shows remarkable potential as 
tether material, half meter single molecule already made in the lab in 
2D form. 

The Space Elevator will be the 
transportation story of the 21st Century!
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Major Studies
IAA & ISEC
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• Commercial	development	similar	to	bridge	building	
• Financial	Numbers	that	are	infrastructure	enabling	
• Permanent	infrastructure	[24/7/365/50	years]	
• Multiple	paths	when	infrastructure	matures	
• Massively	re-usable,	no	consumption	of	fuels	
• Environmentally	sound/sustainable	-	will	make	Earth	"greener"	
• Safe	and	reliable	[no	shake,	rattle	and	roll	of	rocket	liftoff]	
• Low	risk	lifting	
• Low	probability	of	creating	orbital	debris	
• Redundant	paths	as	multiple	sets	of	Space	Elevators	become	operational	
• Massive	loads	per	day	[starts	at	14	metric	tons	cargo	loads]	
• Opens	up	tremendous	design	opportunities	for	users	
• Optimized	for	geostationary	orbit	altitude	and	beyond	
• Does	not	leave	debris	in	LEO	
• Co-orbits	with	GEO	systems	for	easy	integration	

	
2.0	 Where	is	the	Space	Elevator	-	Today?	 The	Fall	of	2019	seems	to	be	the	
"breakout	year"	for	the	concept	with	so	many	activities	culminating	during	the	
conferences	(International	Space	Development	Conference	-	NSS	-	June;	International	
Space	Elevator	Conference	-	ISEC	-	Aug;	and,	International	Astronautical	Congress	-	
IAF/IAA/IISL	-	Oct.).		Expansion	of	this	paper's	concepts	are	in	"Today's	Space	Elevator."	
	
2.1	 Where	is	the	Space	Elevator	-	Today?	 Over	the	last	ten	years	the	following	
big	activities	have	occurred:	

• ISEC	produced	eight	year-long	studies	with	resulting	reports.		
• The	International	Academy	of	Astronautics	produced	two	study	reports	

supporting	the	concept.		
Year	 Study	Title	 Organization	
2020	 Interplanetary	Mission	Support	(in	development)	 ISEC	
2019	 Road	to	the	Space	Elevator	Era			(four	year	long)		 IAA	
2019	 Today's	Space	Elevator	 ISEC	
2018	 Design	Considerations	for	Multi-Stage	Space	Elevator	 ISEC	
2017	 Design	Considerations	for	Space	Elevator	Modeling	and	

Simulation	
ISEC	

2016	 Design	Considerations	for	GEO	Node	and	Apex	Anchor	 ISEC	
2015	 Design	Considerations	for	Earth	Port	 ISEC	
2015	 Space	Elevator:	An	Assessment	of	the	Technological	Feasibility	

and	the	Way	Forward			(four	year	long)	
IAA	

2014	 Space	Elevator	Architectures	and	Roadmaps	 ISEC	
2013	 Design	Considerations	for	the	Tether	Climber	 ISEC	
2012	 Space	Elevator	Concept	of	Operations	 ISEC	
2010	 Space	Elevator	Survivability	and	Space	Debris	Mitigation	 ISEC	
Note:		IAA	-	International	Academy	of	Astronautics:		ISEC	-	International	Space	Elevator	Consortium	

Chart	2:	 Space	Elevator	Studies	Conducted	In addition, the Obayashi Corporation conducted a major study on space 
elevator design with published results. Ishikawa, 2013.
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Dennis Wright
                               ISEC Webinar
                            14-15 June 2019

The last piece of the puzzle?
Graphene 

Adrian Nixon

15th June 2019
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The carbon family

Fullerenes:
0D material

Graphene:
2D material

Carbon nanotubes:
1D material

Diamond, 
Amorphous Carbon:
3D material10/22/19 12



Graphene: A new 
continuous process

I published the hypothesis to test it amongst the world’s top graphene 
scientists. (While retaining key intellectual property)

This hypothesis has not been invalidated to date.

https://investorintel.com/market-analysis/making-graphene-2d-materials-liquid-
metal/ 
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Tether candidate materials
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YES: Graphene is strong enough to be a candidate tether 
material
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Combine the tether 
layers in orbit…

Single crystal graphene
 roll cassettes 

Pinch rolls forming 
Multilayer graphene 

(Graphitic) tether
‘Nixene’

10/22/19 15



Is a tether made from 
single crystal 

graphene feasible? 
Current commercial nanoplate graphene cannot be 
used to make a tether.
However, 500mm of single crystal graphene has 
been made 13 years after graphene first isolated.
Layered single crystal graphene is yet to be made 
but we know how to do this and the material is 
already being called Nixene

YES 

Graphene tether material really is possible within our lifetimes.10/22/19 16
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Engineering Development

10/22/19 18

long	lengths	of	single	crystal	graphene	of	130	GPa	linear	tensile	strength	with	a	density	
of	2.2g/cc,	or	approximately	59	mega-Yuri	specific	strength.		This	should	more	than	
suffice	for	Space	Elevator	tethers	of	the	future.			So,	we	wait	for	further	development	of	
the	material	that	has	been	produced	in	the	laboratory.		The	good	news	is	there	is	a	
tremendous	demand	for	it	throughout	the	commercial	materials	industry.		The	costs	to	
develop	will	be	spread	between	the	touch-screen	market,	aircraft	and	spacecraft	
structures	arena,	and	so	many	other	commercial	users.		Recently,	Nixene	Ltd.	stated:							
	

"Joint	planning	between	ISEC	and	Nixene	Ltd	anticipates	the	development	
testing	and	deployment	of	the	Space	Elevator	tether	within	the	next	decade	
or	two	at	a	cost	of	$30bn."		
	

	
Figure	2,	Space	Elevator	Development	is	HERE	

	
2.4	 Engineering	Development,	Where	are	We?			 The	technology	development	
approach	is	to	build	around	a	set	of	well-defined	demonstrations,	inspections,	tests	and	
simulations	to	move	the	concept	forward.		When	one	follows	this	lead,	the	technology	
development	matches	a	tried	and	true	sequence	of	phases.		The	engineering	teams	
around	the	Space	Elevator	and	Galactic	Harbour	development	believe	that	we	are	very	
close	to	exiting	the	technology	feasibility	phase.		This	will	require	quite	a	bit	of	testing	at	
the	sub-system	and	system	level	for	each	of	the	major	segments	of	the	Space	Elevator.		
This	complexity	is	normal	for	all	mega-project	developments	and	is	well	understood.		
The	rationale	for	exiting	the	first	phase	boils	down	to	the	readiness	assessments	as	
described	for	the	phase	one	exit	criteria,	different	for	each	mega-project.		More	details	
are	shown	in	the	recently	published	study	report,	Today's	Space	Elevator.	(available	on	
www.isec.org)		
• Document	technology	readiness	state	and	determine	if	the	technologies	are	State	

of	Art	(SOA)	or	State	of	the	Industry	(SOI)	or	State	of	the	Market	(SOM)	
• Establish	readiness	level	rationale	for	all	portions	of	the	program.	Given	that	the	

technology	availability	has	been	demonstrated,	the	level	of	readiness	can	be	
established	for	each	program	segment.		

• Set	success	criteria	regarding	engineering	validation	–	the	second	phase.	Prudent	
acquisition	planning	calls	for	early	design	reviews.	“Show	me”	means	a	lot	at	this	
point.			

	

	

Technology 
Feasibility

Engineering 
Validation 

Design 
Validation  

Mission 
Operations 

WE	are	here! 

Figure	7,	We	are	Here,	Between	Phases	
	
	
	
	

	
Figure	8,	Operations	is	Downstream,	the	Fourth	Phase	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

• The technology development approach is to build around a set of well-defined 
demonstrations, inspections, tests and simulations to move the concept forward. 

• The engineering teams around the Space Elevator development believe that we are 
very close to exiting the technology feasibility phase. This will require quite a bit of 
testing at the sub-system and system level for each of the major segments of the 
Space Elevator. 

• This complexity is normal for all mega-project developments and is well understood. 
• The rationale for exiting the first phase boils down to the readiness assessments as 

described for the phase one exit criteria, different for each mega-project. 



Next Steps

• The Space Elevator Community needs to be included in 
the discussions around access to space.

• The creation of a Space Elevator Institute will help the 
community address, and orchestrate responses to, critical 
questions, issues, and topics. This Institute would research 
major questions and ensure they are investigated leading 
to discussions within the larger space community, not just 
the Space Elevator community. There are two major 
thrusts that can be leveraged to start an institute:
– Transportation Baseline Studies
– Investigations into Chosen Topics 

10/22/19 19



Conclusions

• The Materials are Ready for development
• We are ready to move into the second 

engineering development phase
• We are ready to join the discussions
• We need a Space Elevator Institute

Reliable, daily, routine, safe and 
environmentally friendly movement off-
planet towards the Moon Mars and asteroids.

10/22/19 20



	

	
	

Our Vision of Space Elevators is
a Galactic Harbour

Our “strategy” is to link the Space 
Elevator Transportation System to 

the Space Elevator Enterprise; 
within a Unifying Vision
 … the Galactic Harbour.

10/22/19 21



Family Of Elevators
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Recommendations

• The vision of a Galactic Harbour should be 
enhanced as a unifying force for the space elevator 
community.

• Recognizing the strengths of space elevators leads 
one to realize that Movement off-planet will only 
happen when space elevators are supplying  
mission support within a cooperative arrangement 
with the future rocket infrastructure.

• Initiate a program soonest – while developing a 
Space Elevator Institute immediately.

10/22/19 23



Final Thought

This could be the story of this century.  Reliable, 
safe, and efficient access to space.  This 
transportation capability is close at hand.  
Probably within 20 years.  Space access without 
rockets!  The Galactic Harbour opens the road, 
it opens the Heavens; it opens the way.

with the final realization:
The Space Elevator is Closer than you Think!

10/22/19 24
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How the Space Elevator
Grew into a Galactic Harbour?

Backup 
Charts

31	
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Deployment 
Overview
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ISEC Study Activities

10/22/19 27
Notes:  all completed studies on www.isec.org in pdf format for 
free  **Study initiated August 2017      *Study being drafted

• Commercial	development	similar	to	bridge	building	
• Financial	Numbers	that	are	infrastructure	enabling	
• Permanent	infrastructure	[24/7/365/50	years]	
• Multiple	paths	when	infrastructure	matures	
• Massively	re-usable,	no	consumption	of	fuels	
• Environmentally	sound/sustainable	-	will	make	Earth	"greener"	
• Safe	and	reliable	[no	shake,	rattle	and	roll	of	rocket	liftoff]	
• Low	risk	lifting	
• Low	probability	of	creating	orbital	debris	
• Redundant	paths	as	multiple	sets	of	Space	Elevators	become	operational	
• Massive	loads	per	day	[starts	at	14	metric	tons	cargo	loads]	
• Opens	up	tremendous	design	opportunities	for	users	
• Optimized	for	geostationary	orbit	altitude	and	beyond	
• Does	not	leave	debris	in	LEO	
• Co-orbits	with	GEO	systems	for	easy	integration	

	
2.0	 Where	is	the	Space	Elevator	-	Today?	 The	Fall	of	2019	seems	to	be	the	
"breakout	year"	for	the	concept	with	so	many	activities	culminating	during	the	
conferences	(International	Space	Development	Conference	-	NSS	-	June;	International	
Space	Elevator	Conference	-	ISEC	-	Aug;	and,	International	Astronautical	Congress	-	
IAF/IAA/IISL	-	Oct.).		Expansion	of	this	paper's	concepts	are	in	"Today's	Space	Elevator."	
	
2.1	 Where	is	the	Space	Elevator	-	Today?	 Over	the	last	ten	years	the	following	
big	activities	have	occurred:	

• ISEC	produced	eight	year-long	studies	with	resulting	reports.		
• The	International	Academy	of	Astronautics	produced	two	study	reports	

supporting	the	concept.		
Year	 Study	Title	 Organization	
2020	 Interplanetary	Mission	Support	(in	development)	 ISEC	
2019	 Road	to	the	Space	Elevator	Era			(four	year	long)		 IAA	
2019	 Today's	Space	Elevator	 ISEC	
2018	 Design	Considerations	for	Multi-Stage	Space	Elevator	 ISEC	
2017	 Design	Considerations	for	Space	Elevator	Modeling	and	

Simulation	
ISEC	

2016	 Design	Considerations	for	GEO	Node	and	Apex	Anchor	 ISEC	
2015	 Design	Considerations	for	Earth	Port	 ISEC	
2015	 Space	Elevator:	An	Assessment	of	the	Technological	Feasibility	

and	the	Way	Forward			(four	year	long)	
IAA	

2014	 Space	Elevator	Architectures	and	Roadmaps	 ISEC	
2013	 Design	Considerations	for	the	Tether	Climber	 ISEC	
2012	 Space	Elevator	Concept	of	Operations	 ISEC	
2010	 Space	Elevator	Survivability	and	Space	Debris	Mitigation	 ISEC	
Note:		IAA	-	International	Academy	of	Astronautics:		ISEC	-	International	Space	Elevator	Consortium	

Chart	2:	 Space	Elevator	Studies	Conducted	

http://www.isec.org


IAA Studies on Space Elevators

IAA Study One (2014) – Feasibility?
Conclusion: Space Elevators 
  Seem Feasible

IAA Study Two (2019) How To? Maturity?:
    Road to the Space Elevator Era
    Many global experts evaluating
    critical technologies
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Space Debris is a Manageable 
Challenge for Space Elevators

2,500  
kmskms

100 kms

Logistics
Hotel

Weekend 
Hotel

400 kms

TOPICS to be Addressed:
Debris alert è Warning needs

Debris sizing è  as a threat variant
Space Elevator Tether Movementè passive 

defense
The Sentry System è an Architecture adjunct 

for protection
 System Recovery è Post debris-event actions 

Space Debris Adjunct (Mitigation) -- The Space 
Elevator will establish an op’s relationship with 
space debris mitigation systems. The space debris 
“chair” will be charged with providing awareness, 
warning, active defense, passive defense, and (if 
needed) recovery after a debris event.



ISEC Approach
• Executive Summary of 2010 Report stated:  To assess 

the risk to a space elevator, we have used methodology 
from the 2001 International Academy of Astronautics 
(IAA) Position Paper on Orbital Debris: 

•  “The probability (PC) that two items will collide in orbit 
is a function of the spatial density (SPD) of orbiting 
objects in a region, the average relative velocity (VR) 
between the objects in that region, the collision cross 
section (XC) of the scenario being considered, and the 
time (T) the object at risk is in the given region.”

PC = 1 – e(-VR x SPD x XC x T)

• Using this formula, we calculate the Probability of 
Collision for LEO, MEO, and GEO.  Our focus is on LEO -- 
as fully two thirds of the threatening objects are in the 
200-2000 km (LEO) regime. Our analyses show:

• 2001 Position Paper On Orbital Debris, International 
Academy of Astronautics, supported by NASA, 
24.11.2000. download for free from www.isec.org  
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The	Space	Elevator	

Galactic Harbour  
The Unifying Vision 

•  Space Elevator Transportation System serves as 
the ‘main channel’ in the Galactic Harbour.   

•  Businesses access the main channel from the 
Earth Port, the GEO Node, and the APEX 
Region.   

•  Businesses flourish as part of the Space 
Elevator Enterprise System   
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Summary for Future
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Conclusion

• As a result, the conclusion stays the same: - for 2009, 2018 and 2030
• Space debris mitigation is an engineering problem with definable quantities such as 

density of debris and lengths/widths of targets.  With proper knowledge and good 
operational procedures, the threat of space debris is not a show-stopper by any means.  
However, mitigation approaches must be accepted and implemented robustly to ensure 
that engineering problems do not become a catastrophic failure event.

• And there are always the engineering solutions for some of the challenges.  Many people 
have suggested architectural designs to help the issue.   Here are some of them:

• Eliminate the major debris in orbit (this is a must - and there are many people around the 
world who believe this must be started soon to ensure no future challenges to normal 
spaceflight - this is NOT a space elevator issue alone, but one for all spaceflight.)

• design an emergency response that sends tether from GEO downward when the tension 
jump signals a major change resulting from sever.

• provide an emergency lowering of tether from 2,000 km upon sever in the highest 
probability areas (LEO high density orbits)

• provide multiple legs from 2,000 kms and below.  [I actually like that one - see image 
below]
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Monthly Number of Objects in Earth Orbit by Object Type

Total Objects

Fragmentation Debris

Spacecraft

Mission-related Debris

Rocket Bodies

Monthly Number of Cataloged Objects in Earth Orbit by Object Type: This chart displays a summary of all objects in Earth orbit officially cataloged by 
the U.S. Space Surveillance Network. “Fragmentation debris” includes satellite breakup debris and anomalous event debris, while “mission-related debris”  

includes all objects dispensed, separated, or released as part of the planned mission.
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INTERNATIONAL SPACE MISSIONS

01 April – 30 June 2018

International 

Designator
Payloads

Country/

Organization

Perigee 

Altitude

(KM)

Apogee 

Altitude

(KM)

Inclination 

(DEG)

Earth 
Orbital 
Rocket 
Bodies

Other 

Cataloged 

Debris

2018-032A DRAGON CRS-14 USA 402 407 51.64 0 2

2018-033A SUPERBIRD 8 JPN 35779 35795 0.02 1 1

2018-033B HYLAS 4 UK 35779 35795 0.04

2018-034A YAOGAN-31 A PRC 1079 1101 63.41 1 3

2018-034B YAOGAN-31 B PRC 1079 1101 63.41

2018-034C YAOGAN-31 C PRC 1079 1101 63.41

2018-034E WEINA 1B PRC 1078 1102 63.41

2018-035A IRNSS 1I IND 35706 35866 28.67 1 0

2018-036A USA 283 USA NO ELEMENTS AVAILABLE 1 1

2018-036B USA 284 USA NO ELEMENTS AVAILABLE

2018-036E USA 285 USA NO ELEMENTS AVAILABLE

2018-036F USA 286 USA NO ELEMENTS AVAILABLE

2018-036G USA 287 USA NO ELEMENTS AVAILABLE

2018-037A COSMOS 2526 CIS 35740 35758 0.05 1 2

2018-037B BREEZE-M R/B CIS 35766 41763 0.11

2018-038A TESS USA 1056 355637 28.91 0 0

2018-039A SENTINEL 3B ESA 802 804 98.62 1 0

2018-040A ZHUHAI-1 OHS-01 PRC 504 521 97.39 1 0

2018-040B ZHUHAI-1 OVS-02 PRC 503 521 97.4

2018-040C ZHUHAI-1 OHS-02 PRC 504 521 97.4

2018-040D ZHUHAI-1 OHS-03 PRC 507 518 97.39

2018-040E ZHUHAI-1 OHS-04 PRC 509 516 97.4

2018-041A APSTAR 6C PRC 35782 35793 0.04 1 0

2018-042A INSIGHT USA HELIOCENTRIC 0 0

2018-042B MARCO-A USA HELIOCENTRIC

2018-042C MARCO-B USA HELIOCENTRIC

2018-043A GAOFEN-5 PRC 698 703 98.13 1 0

1998-067NP UBAKUSAT TURK 399 399 51.64 0 0

1998-067NQ 1KUNS-PF KEN 398 401 51.64

1998-067NR IRAZU CRI 398 399 51.64

2018-044A BANGABANDHUSAT-1 BGD 35776 35797 0.02 1 0

2018-045A QUEQIAO PRC EARTH-MOON L2 1 0

2018-045B LONGJIANG 1 PRC HELIOCENTRIC

2018-045C LONGJIANG 2 PRC HELIOCENTRIC

2018-046A CYGNUS OA-9 USA 403 407 51.64 1 0

2018-047A GRACE-FO 1 USA 481 509 88.99 0 1

2018-047B GRACE-FO 2 USA 481 509 88.99

2018-047C IRIDIUM 161 USA 746 749 86.45

2018-047D IRIDIUM 152 USA 776 779 86.4

2018-047E IRIDIUM 147 USA 776 779 86.4

2018-047F IRIDIUM 110 USA 776 780 86.4

2018-047G IRIDIUM 162 USA 746 750 86.45

2018-048A GAOFEN 6 PRC 633 648 98.05 1 2

2018-048B LUOJIA-1 01 PRC 632 649 98.05

2018-049A SES-12 SES EN ROUTE TO GEO 1 0

2018-050A FENGYUN 2H PRC 35775 35800 2.28 2 0

2018-051A SOYUZ MS-09 CIS 403 407 51.64 1 0

2018-052A IGS R-6 JPN NO ELEMENTS AVAILABLE 1 1

2018-053A COSMOS 2527 (GLONASS) CIS 19122 19155 64.83 1 0

1998-067NT REMOVEDEBRIS UK 402 406 51.64 0 0

2018-054A XJS A PRC 478 486 35 1 1

2018-054B XJS B PRC 479 485 35

2018-055A DRAGON CRS-15 USA 403 407 51.64 0 2

 

SATELLITE BOX SCORE
(as of  04 July 2018, cataloged by the

U.S. SPACE SURVEILLANCE NETWORK)

Country/

Organization
Payloads*

Rocket 

Bodies 

& Debris

Total

CHINA 312 3652 3964

CIS 1520 5069 6589

ESA 82 57 139

FRANCE 64 488 552

INDIA 89 117 206

JAPAN 173 111 284

USA 1663 4737 6400

OTHER 887 116 1003

TOTAL 4790 14347 19137

Technical Editor
Phillip Anz-Meador, Ph.D.

Managing Editor

Debi Shoots

Correspondence concerning 

the ODQN can be sent to:

NASA Johnson Space Center
The Orbital Debris Program Office
X14-9E/Jacobs
Attn: Debi Shoots
Houston, TX 77058
debra.d.shoots@nasa.gov

National Aeronautics and Space Administration
Lyndon B. Johnson Space Center

2101 NASA Parkway
Houston, TX 77058
www.nasa.gov
https://orbitaldebris.jsc.nasa.gov/

* active and defunct

Attention DAS 2.1 Users:  an 
updated solar flux table is available 
for use with DAS 2.1.  Please go 
to the Orbital Debris Website at 
https://orbitaldebris.jsc.nasa.gov/
mitigation/das.html to download 
the updated table and subscribe for 
email alerts of future updates.

DAS 2.1 NOTICE

Sep 2018 Orbital Debris 
Quarterly News(NASA 
Johnson Center office)
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increase of almost 14% over the control scenario 
when compared to only 2% in the case of PMD 
Scenario 4a. In fact, achieving a factor of 10 
reduction in the accidental explosion probability 
of LC spacecraft at the first replenishment cycle 
(Scenario 3b) has a similar relative effect on 
the environment after 200 years as delaying 
improvement of a low PMD rate to the target rate 
until the second replenishment cycle (Scenario 3a). 

Conclusion

We have shown that improving PMD rates 
and probabilities of explosion over the 20-year 
lifetime of a large constellation of spacecraft 
can have a significant effect on the future debris 
environment. With nearly 11% fewer objects in 
orbit at the end of 200 years as a result of increasing 
the PMD rate by as little as 1% per constellation 
replenishment, as compared to a constant PMD 
rate of 90% for the entire 20-year constellation 
lifetime, it is in the best interest of constellation 
operators to continuously improve the PMD 
rate of their spacecraft over time. In addition, 
delaying improvements to PMD rates for the first 
two constellations could have a dramatic negative 
impact on the future debris environment with 
9% to 18% more objects in orbit after 200 years. 
This supports the NASA ODPO conclusion that 
maximizing PMD for the constellations from first 
launch is of paramount importance. 

In terms of maintaining a low accidental 
probability of explosion, it was demonstrated that 
failing to meet a threshold of explosion probability 
of 1/1000 for the first constellation cohort has a 
noticeable negative effect on the projected debris 
environment, yielding nearly 14% more objects in 

orbit after 200 years if the first set of spacecraft 
deployed has a high probability of explosion 
of 1/100. Therefore, constellation operators 
should design spacecraft to ensure an accidental 
probability of explosion of 1/1000 or better from 
the initial constellation deployment in order to 
protect the future space environment.

Reference
1. Liou, J.-C., et al. “LEGEND – A Three-

Dimensional LEO-to-GEO Debris Evolutionary 
Model,” Adv. Space Res., vol. 34, pp. 981-986 
(2005).    ♦

Effects of Large Constellations
continued from page 6

Figure 2.  Effective number of objects projected to be in orbit after 200 years with varying explosion rates over each replenishment cycle. 
The bulge represents the constellations deploying and the subsequent fall-off represents the end of the constellations lifetime, i.e., there 
are no additional constellations being added to the environment. 

Table 2.  Probabilities of Explosion Applied to Each LC Spacecraft at Each Replenishment Cycle, i.e., Every 
5 Years from the Start of the Constellation and Resulting Simulation Outcomes

MEETING REPORTS
The 15th Hypervelocity Impact Symposium, 15-19 April 2019, Destin, Florida, USA

The 15th Hypervelocity Impact Symposium 
(HVIS) was held in Destin, Florida, on 15-19 April 
2019. The HVIS is a biennial events organized by 
the Hypervelocity Impact Society and serves as the 
principal forum for presenting the physics of high- 
and hypervelocity impact and related technical 
areas.

This year’s symposium was coordinated by 
the Department of Mechanical Engineering at the 
University of Alabama at Birmingham and attracted 
more than 228 attendees from government, 
industry, and academic organizations.

The Hypervelocity Impact Symposium 

consisted of 11 topical oral and poster 
sessions. These covered high-velocity launchers 
and diagnostics, spacecraft meteoroid/debris 
shielding and failure analyses, material response to 
hypervelocity impacts, fracture and fragmentation, 
high-velocity penetration mechanics, armor/
anti-armor and non-linear analytical/numerical 
methodologies for structural dynamics. A total 
of 72 oral and 25 poster papers were presented 
representing the community’s latest efforts 
to better characterize hypervelocity impact 
phenomenology and solar system impacts.

The NASA Hypervelocity Impact Team’s Josh 

Miller was co-chair for the Technical Session 8 on 
Analytical and Numerical Methodologies 1. Papers 
specific to impact observations of returned 
surfaces and impact observations of operational 
assets were presented, along with papers 
describing the structural response of spaceborne 
assets. Abstracts submitted from HVIT are located 
on pp. 8-10 of this issue. The Orbital Debris 
Program Office's entry was published in ODQN 
Vol. 23, Issue 1 & 2, p. 10. The society adjourned 
its meeting and will reconvene in September of 
2021 in the Washington DC area.    ♦

Scenario 1st Gen. 2nd Gen. 3rd Gen. 4th Gen. 5th Gen. % Difference 
after 200 years

1b 1/1000 1/2000 1/3000 1/4000 1/5000 -2.5%

2b 1/250 1/500 1/1000 1/1000 1/1000 +7.1%

3b 1/100 1/1000 1/1000 1/1000 1/1000 +13.6%

4b 1/1000 1/2000 1/4000 1/8000 1/16000 -5.0%
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An Extended Parametric Study of the Effects of Large 
Constellations on the Future Debris Environment
Oribital Debris Quarterly News, Vol 23, I 3, Aug 2019, pg 5-8

“Therefore, constellation operators should 
design spacecraft to ensure an accidental 
probability of explosion of 1/1000 or better 
from the initial constellation deployment in

 order to protect the future space environment.”


