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Space experts warn Congress that NASA’s
“Journey to Mars” is illusory

Testimony says NASA lacks the financial resources and technology to do the mission.

by Eric Berger - Feb 4, 2016 1:11pm CST

declaring we should go back to the Moon first....Why?



the impression)

The Moon is only 3 days away,
We know how to get there
It's a good place to rehearse for Mars

and

Humans to Mars missions have too many
unsolved technical barriers remaining
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s Antarctica

COMPARISON SUMMARY OF MOON, MARS LUNAR ENVIRONMENTS

MARS MOON LEO (ISS) ANTARCTIC
GRAVITY 0.38 0.16 0 1
PRESSURE-MB 10 0 0 1000
ATMOSPHERE C0O2 (95%) 0 ON279% 0221%
TEMP MIN C -73 EQUATOR -247 craters -273 shade -94
TEMP MAX C +22 EQUATOR +123 sun '+123 sun +17.5
convection yes no no yes
evaporation yes no no yes
crop growth easy hard NA easy
sun % earth 44%% 100% 100% 100%
day 24 hrs, 39 min 29 days 90 min 24 hrs
weather dust storms poss SPEs poss SPEs rain, lightning
Rad danger GCR GCR, SPE GCR, SPE GCR

NOTE MARS

ENVIRONMENT

IS CLOSER TO

ANTARTCIA

THAN the MOON




Reality

The Moon is a bad place to rehearse for Mars

— The environment is drastically different

— The G level is different (.166 vs .38)

— The soil is different

— Spacesuits and Life Support Systems must be completely
different

— In situ resource utilization will be different

— The list goes on and on

— Antarctica is a better analog

— Kids, students and the public love Mars but are Moon indifferent

As for funding, those who ignore history are

doomed to repeat it.
— Establishing a Moon base first will result in a black hole of
funding shortfalls and delays that will push H2M to 2050 or later




cal barriers remaining
can be launched

« We know far more about Mars today than we did
about the Moon at the start of the Apollo Program

« The barriers are all being addressed with various
degrees of success as we speak

« These barriers are less intimidating than some of
the perceived “insurmountable” ones that existed
prior to Apollo




ortune of having 3 amazing highlights
or Apollo 11, being on the Build Team
d getting to know this man
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“ALL WAS READY, ElER)THING HAD BEEN DONE, THE TIME HAD COME
AS WE ASCENDED IN THE ELEVATOR TO THE TOP
WE KNEW THAT HUNDREDS OF THOUSANDS HAD GIVEN THEIR BEST
TO GIVE US THIS CHANCE
NOW IT WAS TIME FOR US T0 GIVE OUR BEST” 1

The challenge then was greater than it is now and
1t was accomblished in less than a decade




iers to Overcome prior
an Mission to Mars

1. EDL - landing a 25 ton payload within 7 minutes in an atmosphere 1/100
thick as Earth’s —

Proposed solution: the hypercone ' @si®

2, Can an astronaut land a descent craft arter o+ months in 0 G
Proposed solution: See Scott Kelly

3. Radiation Protection — increased cancer risk (up to 18%)
Proposed solution: duty cycle, career limits, shielding
4. Immunology — immune system degradation
Proposed solution: ISS human research program
5. Bone loss — up to 15% bone loss and fracture risk
. Proposed solutions: Exercise countermeasures, drugs

» 6. Spacesuits and Life Support Systems ??7?

e 7. Others...




ESUITS FOR MARS
rong with this picture?




spacesuit concepts

Mechanical Counterpressure
« Space Activity Suit

« MIT BioSuit

NASA Evolutionary Designs
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ounterpressure Suit
auch: 1959

Used closed cell foam sandwiched between 2 fabric
layers

« Developed for Air Force Dynosoar project
 Partially funded by NASA

» Alternative to Project Mercury rigid suit

» Tested successfully in 1962

* Dropped due to poor mobility, low interest
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Front View

non-stretch nylon tunnel
added to PL#2 and PL#5

EKG cable pass-through

axillary-shoulder
(all layers)

treatment

limb zippers
flexor cut-out
mid-zipper (not to
overlie in
successive layers)

nylon closure
tunnels (see
SAS #3 specs)
antiroll band
(except on PL#Z

zipper base
and PL#3)

reinforcement
powernet

‘end - point

limb zippers (#2)
extensor patch

antiroll band
(except on PL#2 & #5)

SAS Second  100-mSuit
Dual- Layer Garment

zipper \'outeri

3 strip tape

Remnforcement
in place

Velero patch

Velero patch
(hook tape)

(pile tape)



tivity Suit

Mechanical Counterpressure

 Powernet Spandex

* Multiple Material Layers

« Breathing bladder to balance chest pressure
« Tested successfully for 2.75 hours
 Individually tailored to user

« Great difficulty donning and doffing

* Uneven pressure, blood and fluid pooling
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BioSuit

Mechanical Counterpressure baseline

Uses spandex, kevlar, elastic, urethane foam
Lines of non extension reduces layers
Breathing bladder to balance chest pressure
Tested to 3.6 psi

Custom tailored using whole body laser scan
Cooling by evaporation through suit to ambient
Difficulty donning and doffing

Uses gas filled gloves and boots

Simplified and improved over SAS designs
Funded by NAIC but NOT baselined by NASA
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lonary designs
969-2016

NASA SPACESUIT Z-2

P2 ending
the need for canisters of ithium hydroxide

Space Station,
theZ2is
meant for use
bothinspace
and on plan=
etary surfaces

In 2014, NASA unveiled the winner in a contest, open to the public,
toselect the appearance of the outer covering of the next space-
suit. The winning design, nicknamed “Technology: sports electrolu-
minescent stripes (right) for better visibiity in darkness.

REAR-ENTRY SUIT PORT FOR EASY ACCESS

pLss SUTRING
INNER
HATCH

INTERIOR
OFVEHICLE

The Z-2' suit port allows astronauts to slide

syst
removed 10 gain access to the sut.

ASTRONAUT ENTERING SUIT

Earlier NASA suits were
splitinto separate pants
and torso sections

(above). The Russian
Orlan suit used since 1977
has a rear hatch for entry.

POPULARITY CONTEST

In online voting,

the 22
ibbed

“Trends in Saciety”
(center)

Unlike the earlier Z-1"
design (right) with its
Soft upper torso, the Z-2
has a hard composite
upper torso for the.
long-term durability
needed in a planetary
spacesuit. The shoulder
and hip designs are also
improved over the Z-1.

A4

SOURCE: NASA KARLTATE/ & Space.com




ts have in common

Oxygen pressurized
* Sublimation for cooling

« HUTSs (hard upper torso)

 Fans, pumps, HX, closed loops

* Liquid cooling garments

« Hard upper torso

* Multilayer insulation

 Thermos Bottle Approach to handle temp extremes
« Complex

 Heavy Portable Life Support Systems (PLSS)
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TION !!!

The SAS, MIT Biosuit and the NASA Mark 3 or new Z2 suit
are NOT spacesuits, they are PGA’s (Pressure Garment
Assemblies)

A spacesuit consists of a PGA, a Portable Life Support
System (PLSS) and associated miscellaneous hardware
together which form an Extravehicular Mobility Unit or EMU

« The PGA is usually the lightest component while the PLSS
IS the heaviest

* To distinguish it from Apollo, Shuttle or ISS, lets call an
EMU for Mars a MarsSuit
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MASS
ail of the MarsSuit

Interviews with geologists, astrogeologists,
explorers, backpackers and military personnel have
established that the maximum permissible mass that
should be carried on one’s back for daily blue collar
work lasting 7-8 hours/day should not exceed 50 Ibs
(23 kg). A mass of 50 Ibs in 0.38 Martian gravity is
equivalent to 132 Ibs on Earth.

Achieving this target requires:
PGA + PLSS + accessories < 132 Ibs earth weight
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Weights

Apollo PLSS 61 kg (134 Ibs) EMU weight:100kg (220 Ibs)
Shuttle PLSS 73 kg (161 Ibs) EMU weight 135kg (306 Ibs)
ISS PLSS 98 kg (216 Ibs) EMU weight:165kg (365 Ibs)

Adding any of the above PLSS weights to the

advanced lightweight and composite NASA Z2 or MCP
PGAs will significantly exceed the target MarsSuit
weight of 132 Ibs on Earth (50 Ibs on Mars)

.....unless the PLSS is completely redesigned...

= This will require drastic weight reductions of
"\’ at least 60% from current systems

IS THIS BEING CONSIDERED?
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PLSS designs

In 2005 NASA began a new, Advanced PLSS design
program. The goals of the Advanced PLSS are:

Simpler, more robust and reliable system design

Optimized for low-earth orbit and Lagrangian point EVA
operations. Provides flexibility for deep space or lunar
missions, and is “Mars forward”.

» (enerate more sensor data

* Provide EVA capability in more severe situations (e.g.
very hot environments)

* Provide additional emergency capabilities (60 minutes, as
opposed to 30 minutes in Apollo and Shutte/ISS PLSSs)

« TARGET Weight = 150 Ibs
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rizing

The PLSS is a work-in process, an effort to develop
systems that include many new technologies for
Mars. HOWEVER...

ITS TARGET EARTH WEIGHT ALONE EXCEEDS

THE RECOMMENDED TOTAL MARSSUIT WEIGHT
OF 132 LBS
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Mass, Ibs (Mars, Earth).
Primary heat xfer mode
Radiation protection
F/B Contamination

Glove Dexterity

Walking Mobility
Prebreathe regmt

Micromet protect.

Real time help

Consumables

Others ?

Target

50, 132

Evap to ambient
DNE career limit

DNE microbe limit
> |SS
> Apollo

0 minutes

|solate 02 loss
Legaci algorithm
batt, 02 only no

nly problem

Biosuit Z2
no no
no no
no no
no no

TBD TBD

TBD TBD
no no
no no
no no
no
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onclusions

MCP (MECHANICAL COUNTERPRESSURE) SUITS HAVE BEEN
UNDER DEVELOPMENT FOR 50 YEARS WITH NO END IN SIGHT

NASA EVOLUTIONARY DESIGNS SUCH AS THE MARK 3 OR Z2 ARE
BASED ON APOLLO/SHUTTLE/ISS SUITS MEANT TO OPERATE IN A
VACUUM WITH SIMULTANEOUS BOILING AND FREEZING
TEMPERATURES

« CURRENT DESIGNS ARE EITHER TOO COMPLEX OR HEAVY

« EVOLVING A MARSSUIT from THESE SUITS IS PUTTING A SQUARE
PEG IN A ROUND HOLE—IT WILL NOT WORK

THIS IS NOT A FASHION SHOW
HOUSTON...WE HAVE A PROBLEM
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What to do??

ughs occur,
)k like this
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AT LOOKS LIKE THIS




ONMENT

SS

|
THE PAST: Apollo / Shuttle Program;

Engineering = pmy < Science

Is the slave

THE FUTURE: Mars Exploration

Science «  Engineering * EMU

Is the slave
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Environment Comparison A
Item Mars Leo | Lunar | Earth
“Temp range (°C) | -140to | -160 10 | -172 10 | -50 0
30 150 150 40
“Radiation Flux
solar constant 195 440 440
ut/hr-ft2-°F)
“‘Winds m/s 0to 15 0 0 0to 10
“Atmospheric 95% | NONE | NONE [80% N2
Composition CO2 20% O2
3% N2
“Gravity (vs. 0.38 0 0.166 1
Earth G's)
“Terrain variable| none |smooth [vanable
"Needed Leg
Mobility HIGH | NONE | MED. | HIGH
“Micrometeorite LOW | HIGH | HIGH | LOW
Danger
(puncture)
“Geologic Activity | SOME | NONE | NONE | SOME
GCR gﬁleidlng 27 2 4 -
cm2 AL)
- - Hain
eatner sotgttns. U.g’ht'nlng
Seasons
Day/Year 24.5hr |29days/|- 24 hr
668 - ] 365
sols sols
“Atm. Pressure  [1/100 |- - 1
(Atm)
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Conclusions:

«~ Multilayer insulation will not
protect against thermal radiation

on Mars

~ EMU Sublimation system will
not work on Mars

« All previous and projected EMU
designs have excessive weights

on Mars

«~ Weight reductions up to 55% are
necessary

All Previous EMU designs will
not function on Mars

« Pressurized suits are still
necessary

A Mars EMU requires a Totally
fresh approach

WORK

29



MARS

L WORK

Cold sink temperatures available for heat
rejection to ground by radiation

Range of -140 to +30 degrees C surface temps
more benign than Lunar or LEO

Convection loss ( forced and free ) to Mars
atmosphere from suit is possible

Evaporative loss from body through suit to
atmosphere may be considered

Micrometeorite danger is minimal on
surface due to atmosphere

GCR danger less than Lunar or LEO

= Solar flux is /2 that on Earth for same

conditions

Excessive heat leak into suit is unlikely

30



~Latitude variations in climate

make summer/winter EMU
designs feasible

«~Gradual temperature change in
air make day/night differences
advantageous

«~ Carbon dioxide in atmosphere
may be used to generate oxygen
for breathing

«~ Carbon dioxide in atmosphere
could possibly be used to
pressurize suit

~ Mars atmosphere contains water
vapor

0 Mars soil contains water 1n
permafrost

31



WITH THIS IN MIND,
TART WITH A FRESH SHEET OF PAPER

SPAGE SUITS AND LIFE SUPPORT

SYSTEMS FOR THE EXPLORATION

OF MARS

32



Features

1ST Serious Analysis of Mars space suit design

Low cost high return

Based on a successful 5 year pilot study

Utilized multi-university, industry and NASA expertise

Unconventional out of box approach
» Mars and Science-centric not suit-centric
« Embraces ALL elements of MarsSuit design

» Treats the Marssuit like the human body--a complex
system with feedback loops requiring an Integrated
multidisciplinary approach—not like a simple black box

33



N 2005

Spacesuits and Life Support Systems for the Exploration of Mars
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10 and AGAIN IN 2016

Making Everything Easier!™

Learn

* WHY we'll go

* HOW we'll go

* WHAT we'll find

Lawrence H Kuznetz, PhD

35




y hasn’t it flown?

The time wasn’t right before, now it is.

Why is it different, What does it say?

Without further ado..

36



Dual System Suit:
iplinary approach driven
in environment

37



02 bottle for .. >

e
. —
helmet breathiog <85 3

=
ALd ‘
§ ,
neck dam . ’ ‘ Positive
seals helmet lf : pressure

Ry compressed mars
R atmosphere for
& torso pressurization

. " =
F 4 ~
reliel valve- - g -
mars atm. W 8f
exhaust 2 N =

-~

»

%

d';».l TG
Radiation
thru suit “
by
Evupor:n.: : Mars atmosphere
e compressor
onboard rover

Convection
to Atmosphere

Removeable

_~ outer layver

Thermal layer
Pressure restraint
Outer Bladder

Mars Atmosphere

Inner Bladder
(Bio&Chem isolation

Section A--A ;
3
3

— Skin

eature:
Imet and torso

Safety-
helmet torso independence

Mass reduction
HX pumps, MLI reduced

Design

Thermos bottle > layers
Heat/mass transfer:
Natural Convection

Oxygen leakage rate:
Reduced to near zero

Planetary contamination
Minimized

Consumables usage
Minimized

In situ resources
Mars C02 used for pressure



duction
(132 Ib on Earth, 50 Ibs on Mars)

How? Open Loop ECLSS Design:
In-suit compressor blows filtered cool, dry Mars atmosphere
through torso to remove heat, sweat, toxins, contaminants

Benefits: simple (closed loop hardware eliminated), suit leak 39
and O2 loss minimized: Issues: power, size, safety



ry Protection

Problem: “Earth bugs” contaminating
the Moon on Apollo 12 (and Mars)

Solution: Bacterial/viral filters
at compressor inlet and relief
valve outlet of MarsSuits




Mars atmosphere)

M) AGAINST SKIN
D ALLOW HEAT/MASS XFER

Microporous vs NonR‘orous (Dense)
Semi-Permeable Membranes

(CondeanaadLiquid Phasa Nol Neceaaary for Transport)

Erriry Iegnatitve to Frass s

Sariar P = Bursa Yo ' B e Properiies = B! Strength
Glas - Bis Bagdradlens Pus et bl iy x 4 P ol o Pro perlbea)

Effect of Pressure and Contamination
on Liquid Barrier Properties of BBFs

41
DMMs allow sweat evaporation at 5-8 psi



Sciences
s Mobility and Performance

Better CG

conrad cernan
42



torso and gloves

Variable glove pressure reduction allows greater dexterity

Compatible with Suit Port to allow instant EVA no prebreathe
43
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big planet—
hot

ELLERTTT

3 INSULA T TO

SWTLA REMOVE HEAT
et 150 W OF SWEAT = 023 kgihe
<300 : T 1'0 T 100
APMOLLD ARCTIC SUTT BLADDER ONLY
CONDUCTIVITY

MARS EVA ¥l (GEOLOGY TRAVERSE)

E SUIT DESIGN METHODOLOGY
00
E )
o ¥Walk, collect
B 200 samples, chip
§ w0 Ride in rover rocks Return to hase
00 1 z 3 4 5 [} ki
TIME (hex)
PUTON
e O
——— >

LA
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| Control
/Heating

ECCREP Device

Cools body from inside out (core before skin)

Reduced pressure + hand cooling

Lowers risk of hyperthermia/stroke

May increase endurance, strength, exercise efficiency, effective ness
Mechanism not understood

Model can be used for validation/correlation

Cold or warm delivered to foot by custom LCVG.
water source
/po\\’cr source

—

pump

Pl
<

Temp. control
diverter valve

Warm outlctk

Liquid cooled garment manifold

ECCREP devicein boot with hot/cold water

Inflatable pressure cuff

[P awm 2-position

relief valve

GLOVE CROSS-SECTION

Gas
Heat Pipe Flow (COy)
Reflective
—— film&fiber
inssalation

CO; OUu

& Nooprene
Bladder

2-position
redief vahe Latex Glove
Collection
Duct

Chemical ‘\ i Chka String
Heater N

Discormect

the External Cooling Coupled to Reduced
Extremity Pressure (ECCREP) device
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eral oxide microfibers
t infrared rays

m}-:u onic Medical Interpretatior

THERMOGRAMS
Patient: Mr Georgios Psipsikas Scan Date: 1/9/2014
Date of Birth: 01/12/1981 Report Ref: 300892
Patiel t ID: 160695 Report Type: Upper Body
Referring Practitioner: Dr Michael Thermographer: Dr Michael

Paoachara\ambous MD Papacharalambous MD

thermog ams @ standard 8° C color range

H : A

1ST PSIGEO.TIF2014.01.09 12.14.15 1ST PSIGEO.TIF2014.01.09 12.14.46

2ND PSIGEO.TIF2014.01.09 13.04.15 2ND PSIGEOQ.TIF2014.01.09 13.06.12

The technology employs nanoceramic fabrics to convert multi-frequecy
emitted body heat IR radiation to a narrow band at the end of the long range
spectrum (far infrared). The radiation is returned to the interior body
penetrating several cm. ( It may also have applications for Reynoulds
syndrome and arthritis




ed Materials

Dust bug exo-cover (disposable)

2, Toxicity Protection

F e
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d Bioinformatics
am for advice

Round trip comm from Earth to the Moon in less than 4 seconds
48




p to 40 minutes
for help

Fracking staliors
T

JSC Mission Contred Certas l

Real i Cangm

U)'(" ﬂT(H\\\
N . ‘o

Reai-Line activity
nlln»';nl’_ Ieandr

experinen! roefi-
cation, and qur’

The suit will have be smart enough to provide that help instantly.

Enter Legaci and Violet--the bio advisory algorithm 4



LEGACI

L unar/Mars Exploration Guidance Algorithm
and Consumables Interrogator

Developed at JSC in EVA Physiology, Systems, and Performance Project

VIOLET

Voice Initiated Operator for Lunar/Mars

Exploration Tracking
(The voice of LEGACI)

Developed at NASA-Ames Research Center







nitdo?

Metabolic rate (4 methods + backup)
— pCO2Z; Liquid cooled garment temps;02 tank pressure; Heart rate; Accelerometry

Energy cost of work tasks on the Moon and Mars

Consumables remaining
— Portable Life Support System O2, feedwater, battery power & C02 scrub time remaining

Suit oxygen leakage
— Rea tlme puncture awareness, out of spec suit leaks
* Crew thermal comfort and Heat Storage Countermeasure

— Countermeasure to Cognitive Deficits (C
— Countermeasure to Loss of Tracking SklIIs (LOTS) hypo/hyperthermia

« Automatic LCG inlet temperature management
— Minimizes crew distraction, consumables use
— maximizes crew safety and productivity

« Environmental heat leak management
— Real time thermal assessment and excessive albedo avoidance




EVA Surface Time remaining
— Time management, Traverse goal management, science prioritization

Guidance and navigation help back to habitat
— Walkback emergency management

+ Speed required, distance and time remaining to get back safely

Redundancy/ self-checkout

41 node man running real time in the background

Alarms

Excessive sweat

Excessive metabolic rates

Excessive heat storage

Low consumables (02, feedwater, battery power, CO2 scrubber)
Excessive suit leak

Low suit pressure

High pCO2

Nutrition required warning

Hydration (drinkingz required warnin

Radiation warning (desirable add on?



OK GOOD STUFF
BUT THIS IS JUST A PAPER STUDY, A POWERPOINT PITCH

How can we make it real, where do we go from here?
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RSSUIT PROJECT

Develop the lead technology for building
a spacesuit for Mars

S
=Y while supporting Math, Science,

Technology and Engineering education
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¢t Features

The MarsSuit Project is:

— An EMU/education outreach development program
— A university/government/industry synergy
— An iterative approach

— Based on a successful pilot programs
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v Provide a Mars EMU design prior to hardware
solicitation

v Reach and marshal a wide segment of the
undergraduate and high school education
community

v Galvanize thousands of students with vast
creativity

¥ Involve the public and external organizations
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