
MMEEV	
  Version	
  2.0	
  Performance	
  Summary:	
  

•  The	
  en&re	
  mission	
  and	
  vehicle	
  trade	
  space	
  was	
  run	
  using	
  the	
  Version	
  2.0	
  models,	
  for	
  
both	
  an	
  MSR-­‐like	
  architecture	
  (CP/ACC)	
  and	
  simplified	
  architecture	
  (PICA/Al-­‐honeycomb).	
  

•  Results	
  for	
  the	
  simplified	
  architecture	
  agree	
  well	
  with	
  the	
  Version	
  1.0	
  results,	
  providing	
  
con&nuity	
  in	
  the	
  MMEEV	
  analyses	
  as	
  the	
  models	
  become	
  higher	
  fidelity	
  and	
  more	
  
capable,	
  and	
  the	
  trade	
  space	
  grows.	
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Characteristics:                              
Diameter (Min, Initial, Max) = 1.3 ,1.3 ,1.3 m
Payload Mass = 12.5 kg                        
Payload Density = 4000 kg/m3                 

Units:                                                   
Entry Load, g’s                   Entry Mass, kg         
Impact, g’s                          Stroke, m           
Terminal Velocity, m/s        Total Heat Load, J/cm2    
Total Heat Rate, W/cm2      Rad. Heat Rate as % of Total

MSR	
  “OFF”	
  (version	
  1.0)	
  

•  For	
  each	
  set	
  of	
  entry	
  condi&ons,	
  the	
  parametric	
  
vehicle	
  model,	
  EDL	
  trajectory,	
  and	
  flight	
  
environments	
  were	
  iterated	
  un&l	
  the	
  required	
  
forebody	
  TPS	
  thickness	
  converged.	
  

•  For	
  Version	
  2.0	
  of	
  the	
  trade	
  space	
  analyses,	
  the	
  parametric	
  vehicle	
  model	
  and	
  forebody	
  
TPS	
  MERs	
  were	
  integrated	
  into	
  NASA	
  LaRC’s	
  Program	
  to	
  Op&mize	
  Simulated	
  Trajectories	
  
(POST2)	
  6-­‐DOF	
  simula&on	
  soXware.	
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Characteristics:                              
Diameter (Min, Initial, Max) = 1.3 ,1.3 ,1.3 m
Payload Mass = 12.5 kg                        
Payload Density = 4000 kg/m3                 

Units:                                                   
Entry Load, g’s                   Entry Mass, kg         
Impact, g’s                          Stroke, m           
Terminal Velocity, m/s        Total Heat Load, J/cm2    
Total Heat Rate, W/cm2      Rad. Heat Rate as % of Total

MSR	
  “OFF”	
  (version	
  2.0)	
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What	
  is	
  the	
  MulI-­‐Mission	
  Earth	
  Entry	
  Vehicle	
  (MMEEV)?	
  
•  A	
  vehicle	
  design	
  concept	
  based	
  on	
  the	
  Mars	
  Sample	
  Return	
  EEV	
  design.	
  
•  Was	
  first	
  introduced	
  at	
  IPPW-­‐6	
  in	
  2008;	
  Version	
  1.0	
  summary	
  provided	
  at	
  	
  IPPW-­‐7	
  in	
  2010.	
  
•  Development	
  is	
  directed	
  by	
  NASA’s	
  In-­‐Space	
  Propulsion	
  Technology	
  Program.	
  
•  Provides	
  a	
  reliable	
  founda&on	
  upon	
  which	
  any	
  sample	
  return	
  mission	
  can	
  op&mize	
  an	
  EEV	
  
design	
  which	
  meets	
  their	
  specific	
  needs	
  /	
  requirements.	
  	
  

•  Preserves	
  key	
  design	
  elements	
  which	
  lower	
  risk.	
  	
  
–  “Chute-­‐less”	
  design:	
  reduces	
  risk	
  and	
  complexity	
  of	
  EEV.	
  
–  Aerodynamic	
  stability:	
  provides	
  robust	
  performance	
  using	
  well	
  understood	
  aerodynamics;	
   	
  	
  

	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  includes	
  re-­‐orienta&on	
  capability	
  prior	
  to	
  heat	
  pulse.	
  

•  MMEEV	
  Provides	
  a	
  common	
  plaaorm	
  by	
  which	
  key	
  technologies	
  can	
  be	
  iden&fied,	
  	
  
designed,	
  developed	
  and	
  flight	
  proven	
  prior	
  to	
  implementa&on	
  on	
  MSR,	
  providing	
  
significant	
  risk	
  and	
  development	
  cost	
  reduc&ons	
  to	
  any	
  sample	
  return	
  mission.	
  	
  

Impact	
  Foam	
  Materials	
  TesIng:	
  
•  Rohacell®	
  foams	
  are	
  credible	
  candidates	
  
for	
  MMEEV	
  energy	
  absorbing	
  materials.	
  	
  

•  A	
  series	
  of	
  sta&c	
  tests	
  was	
  conducted	
  to	
  
characterize	
  the	
  mechanical	
  proper&es	
  
of	
  four	
  high	
  performance	
  Rohacell®	
  	
  
foams:	
  200	
  WF-­‐HT,	
  71	
  WF-­‐HT,	
  110	
  WF-­‐HT,	
  and	
  110	
  XT-­‐HT.	
  

•  Followed	
  ASTM	
  D1621	
  (Standard	
  Test	
  Method	
  for	
  
Compressive	
  Proper&es	
  of	
  Rigid	
  Cellular	
  Plas&cs);	
  allows	
  for	
  
comparison	
  with	
  manufacturer	
  provided	
  data.	
  	
  

•  This	
  test	
  data	
  will	
  be	
  used	
  to	
  develop	
  models	
  for	
  material	
  proper&es	
  suitable	
  for	
  finite-­‐
element	
  analysis.	
  

Significant	
  Changes	
  from	
  MMEEV	
  Version	
  1.0:	
  
•  The	
  focus	
  of	
  the	
  Version	
  2.0	
  development	
  was	
  to	
  provide	
  an	
  update	
  to	
  the	
  trade	
  space	
  
analyses	
  provided	
  in	
  Version	
  1.0	
  with	
  improvement	
  to	
  key	
  MMEEV	
  models.	
  

•  SIGNIFICANT	
  improvements	
  were	
  made	
  to	
  the	
  parametric	
  vehicle	
  model,	
  including:	
  
– ported	
  to	
  MATLAB	
  from	
  Pro-­‐E	
  to	
  provide	
  significant	
  improvements	
  in	
  op&miza&on	
  convergence;	
  Pro-­‐E	
  
s&ll	
  used	
  for	
  model	
  valida&on	
  
–  increased	
  scope	
  and	
  fidelity	
  of	
  user	
  inputs	
  

•  Updates	
  to	
  forebody	
  PICA	
  TPS	
  Mass	
  Es&ma&ng	
  Rela&onship	
  (MER)	
  and	
  development	
  of	
  
forebody	
  Carbon	
  Phenolic	
  TPS	
  MER.	
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Parametric	
  Vehicle	
  Model	
  Version	
  2.0:	
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VEHICLE SUMMARY
MSR MODE:                         YES

FWD TPS MATERIAL:                  CP
STRUCTURE MATERIAL:     CARBON−CARBON
VEHICLE DIAMETER:               0.900 m (user input)
PAYLOAD MASS:                  10.000 kg

PAYLOAD DENSITY:               4000.0 kg/cu.m
Rnose/Rvehicle:                0.2500

Rshoulder/Rvehicle:            0.0900
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
TOTAL MASS:                    65.555 kg (30.0% margin)

TOTAL VOLUME:             0.091313178 cu.m
VERTICAL C.G. LOCATION:         0.229 m (X/D = 0.254)

IXX (POST BODY FRAME):       4.529479 kg−sq.m
IYY/IZZ (POST BODY FRAME):   2.636208 kg−sq.m
VEHICLE HEIGHT:                 0.441 m
ATTACH STRUCTURE DEPTH:         0.196 m

(TD) BALLISTIC COEFFICIENT:   141.158 kg/sq.m
ENTRY LOAD:                     225.7 G’s

IMPACT SYSTEM SUMMARY
IMPACT VELOCITY:               53.200 m/s

ESTIMATED IMPACT LOAD:          281.7 G’s (penetration only)
REQUIRED STROKE (triangular):   0.082 m (3500.0 G’s crush only)

FOAM SIZING:                    90.0% eff, 20.0% stroke margin

COMPONENT INFORMATION
          component thick (m)     vol (m3) mass (kg)  cg (m)
 ================== ========= ============ ========= =======

            payload    0.1684  0.002500000    10.000   0.249
            fwd tps    0.0150  0.012144255    23.208   0.193

            aft tps    0.0100  0.007539474     2.588   0.312
 fwd carrier struct    0.0043  0.003295216     6.520   0.198

 aft carrier struct    0.0035  0.002574349     5.094   0.304
  primary structure    0.0044  0.000481272     0.952   0.219

       impact shell    0.0020  0.000941837     1.864   0.249

        impact foam    0.1099  0.027702471    10.696   0.249
          body foam    0.0159  0.014126913     2.938   0.194

     lid insulation    0.0500  0.002426264     0.631   0.314
    wing insulation    0.0586  0.017033669     1.065   0.259

Carbon Phenoloc forebody TPS with carbon−carbon structure
MMEEV Parametric Vehicle Model (v2)

18−Mar−2011 rwm−1NASA Langley Research Center

•  MMEEV	
  parametric	
  vehicle	
  model	
  handles	
  both	
  MSR	
  impact	
  architecture	
  as	
  well	
  as	
  a	
  
more	
  simplified	
  impact	
  ahenua&on	
  approach.	
  

•  New	
  inputs	
  include	
  payload	
  size,	
  nose	
  radius,	
  and	
  shoulder	
  radius.	
  Also	
  allows	
  for	
  
selec&on	
  of	
  PICA	
  (with	
  Al-­‐honeycomb	
  carrier	
  structure)	
  or	
  Carbon-­‐Phenolic	
  (with	
  
Advanced	
  Carbon-­‐Carbon	
  carrier	
  structure).	
  

•  Given	
  the	
  large	
  number	
  of	
  inputs	
  and	
  associated	
  geometric	
  rela&onships,	
  several	
  rules	
  
and	
  constraints	
  are	
  used	
  to	
  assist	
  in	
  the	
  itera&ve	
  /	
  convergence	
  process.	
  	
  
– simple	
  constraints	
  (i.e.	
  minimum	
  and	
  maximum	
  allowed	
  values)	
  on	
  such	
  parameters	
  as	
  structure	
  or	
  
TPS	
  thickness	
  are	
  sufficient	
  
–  the	
  complex	
  geometry	
  required	
  the	
  enforcement	
  of	
  several	
  other	
  rules	
  in	
  order	
  to	
  ensure	
  the	
  
vehicle	
  model	
  would	
  converge	
  to	
  a	
  usable	
  solu&on	
  (e.g.	
  if	
  input	
  vehicle	
  diameter	
  is	
  too	
  small	
  to	
  
accommodate	
  the	
  payload,	
  the	
  vehicle	
  will	
  be	
  resized	
  to	
  the	
  smallest	
  possible).	
  

•  Includes	
  a	
  1-­‐D	
  energy	
  balance	
  model	
  for	
  es&ma&ng	
  impact	
  stroke	
  and	
  foam	
  thickness	
  
requirements.	
  

•  A	
  simplified	
  structural	
  scaling	
  model	
  is	
  also	
  included	
  to	
  determine	
  structure	
  thickness	
  as	
  
a	
  func&on	
  of	
  maximum	
  entry	
  loads	
  (ACC	
  structures	
  only).	
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VEHICLE SUMMARY
MSR MODE:                          NO

FWD TPS MATERIAL:                PICA
STRUCTURE MATERIAL:      Al−HONEYCOMB
VEHICLE DIAMETER:               1.100 m (user input)
PAYLOAD MASS:                  15.000 kg

PAYLOAD DENSITY:               2500.0 kg/cu.m
Rnose/Rvehicle:                0.6200

Rshoulder/Rvehicle:            0.0600
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
TOTAL MASS:                    43.381 kg (25.0% margin)

TOTAL VOLUME:             0.133853898 cu.m
VERTICAL C.G. LOCATION:         0.284 m (X/D = 0.258)

IXX (POST BODY FRAME):       2.905754 kg−sq.m
IYY/IZZ (POST BODY FRAME):   1.688903 kg−sq.m
VEHICLE HEIGHT:                 0.448 m
ATTACH STRUCTURE DEPTH:         0.196 m

(TD) BALLISTIC COEFFICIENT:    62.532 kg/sq.m
ENTRY LOAD:                     210.1 G’s

IMPACT SYSTEM SUMMARY
IMPACT VELOCITY:               49.700 m/s

ESTIMATED IMPACT LOAD:         1126.2 G’s (penetration only)
MIN COMPRESSION STRENGTH:         4.1 MPa (penetration only)

MAX COMPRESSION STRENGTH:         5.5 MPa (crush only)
FOAM COMPRESSION STRENGTH:        9.0 MPa (ROHACELL 205)

REQUIRED STROKE (square):       0.084 m (1500.0 G’s crush only)

FOAM SIZING:                    80.0% eff, 20.0% stroke margin

COMPONENT INFORMATION
          component thick (m)     vol (m3) mass (kg)  cg (m)

 ================== ========= ============ ========= =======
            payload    0.2255  0.006000000    15.000   0.317

            fwd tps    0.0120  0.013979921     4.456   0.229
            aft tps    0.0100  0.010574949     3.490   0.350

 fwd carrier struct    0.0137  0.014972990     4.080   0.236

 aft carrier struct    0.0110  0.011032661     3.006   0.337
  primary structure    0.0110  0.001815635     0.495   0.236

        impact foam    0.1259  0.031546170     8.084   0.204
     lid insulation    0.0832  0.011347613     2.837   0.363

    wing insulation    0.0933  0.032152830     1.933   0.283

PICA forebody TPS with Al−Honeycomb structure
MMEEV Parametric Vehicle Model (v2)

17−May−2011 rwm−1NASA Langley Research Center

Payload	
  Accommoda$ons	
  

Payload	
  Mass	
   5	
  to	
  30	
  kg	
  

Payload	
  Density	
   500	
  to	
  10,000	
  	
  kg/m3	
  

Vehicle	
  Diameter	
   0.5	
  to	
  2.0	
  m	
  

Entry	
  Condi$ons	
  

Iner&al	
  Velocity	
   10	
  to	
  16	
  km/s	
  

Iner&al	
  Flight	
  Path	
  Angle	
   -­‐5°	
  to	
  -­‐25°	
  

Aerodynamic	
  TesIng	
  –	
  NASA	
  LaRC	
  VerIcal	
  Spin	
  Tunnel	
  (VST):	
  

•  The	
  largest	
  source	
  of	
  uncertainty	
  in	
  MMEEV	
  
aerodynamic	
  performance	
  is	
  the	
  low	
  speed	
  
regime;	
  much	
  of	
  MMEEV	
  descent	
  is	
  subsonic	
  
(near	
  ver&cal)	
  with	
  no	
  stability	
  assist.	
  

•  CFD	
  predic&ve	
  capability	
  is	
  credible	
  for	
  sta&c	
  
aerodynamics,	
  but	
  not	
  demonstrated	
  for	
  
dynamics.	
  	
  

•  A	
  test	
  in	
  the	
  NASA	
  LaRC	
  VST	
  was	
  executed	
  in	
  	
  
FY	
  2010,	
  to	
  determine	
  free-­‐flight	
  dynamics	
  of	
  	
  	
  
a	
  scaled	
  capsule	
  at	
  subsonic	
  velocity	
  and	
  to	
  
assess	
  dynamics	
  over	
  a	
  broad	
  parameter	
  space	
  
(vehicle	
  size,	
  CG	
  placement,	
  iner&as)	
  and	
  the	
  
sensi&vity	
  to	
  payload-­‐driven	
  uncertainty	
  in	
  CG	
  
placement.	
  

•  The	
  results	
  indicated	
  that	
  the	
  MMEEV	
  
configura&on	
  is	
  stable	
  for	
  all	
  chosen	
  CG	
  
loca&ons,	
  and	
  the	
  vehicle	
  dynamics	
  do	
  not	
  
appear	
  to	
  depend	
  significantly	
  on	
  surface	
  
roughness	
  or	
  vehicle	
  iner&as.	
  MMEEV	
  NASA	
  LaRC	
  VST	
  Test	
  Data	
  

[upper	
  leS	
  =	
  baseline	
  CG,	
  unperturbed	
  oscilla$on,	
  lower	
  leS	
  =	
  baseline	
  CG,	
  perturbed	
  oscilla$on;	
  
upper	
  right	
  =	
  aS	
  CG,	
  unperturbed	
  oscilla$on,	
  lower	
  right	
  =	
  aS	
  CG,	
  perturbed	
  oscilla$on]	
  

•  Prototype	
  EDL	
  system	
  
analysis	
  tool	
  has	
  been	
  
developed	
  for	
  missions	
  to	
  
celes&al	
  bodies	
  with	
  
atmosphere.	
  

•  Python,	
  a	
  plaaorm	
  
independent	
  language,	
  is	
  
used	
  for	
  tool	
  integra&on	
  as	
  
well	
  as	
  Graphical	
  User	
  
Interface.	
  

Systems	
  Analysis	
  for	
  Planetary	
  Entry	
  Descent	
  and	
  Landing	
  (SAPE)	
  tool:	
  

•  Plan	
  includes	
  integra&ng	
  
MMEEV	
  tools	
  and	
  models	
  into	
  
SAPE	
  during	
  FY	
  2011.	
  

•  SAPE	
  will	
  then	
  be	
  used	
  as	
  the	
  
centralized	
  data	
  flow	
  manager	
  
and	
  project	
  requirements	
  
interface	
  to	
  MMEEV	
  concept	
  
studies,	
  including	
  MSR,	
  
expected	
  to	
  begin	
  in	
  FY	
  2012.	
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Python	
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Python	
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Executable	
  

Python	
  

Integra$on	
  Wrapper	
  (Python)	
  

GUI	
  (Python)	
  

SAPE	
  

POST2	
  
(incl.	
  aerodynamics	
  
and	
  aerothermal	
  

models)	
  

Parametric	
  Vehicle	
  
Model	
  

(incl.	
  low	
  fidelity	
  impact	
  
dynamics	
  and	
  structural	
  

sizing	
  models)	
  

Thermal	
  
Soak	
  Model	
  

Impact	
  
Dynamics	
  
(LS-­‐DYNA)	
  

Structural	
  
Sizing	
  

(NASTRAN)	
  

TPS	
  Sizing	
  
(MER)	
  

integrated	
  models	
  in	
  	
  
MMEEV	
  v2.0;	
  separated	
  for	
  
integra8on	
  to	
  SAPE	
  v1.0	
  

developed	
  during	
  SAPE	
  v1.0	
  
ac8vi8es,	
  but	
  not	
  yet	
  integrated	
  

developed	
  during	
  MMEEV	
  v1.0	
  and	
  2.0;	
  
con8nued	
  development	
  for	
  SAPE	
  v1.0	
  

integrated	
  for	
  
SAPE	
  v1.0	
  

CAD	
  
(Pro-­‐E)	
  


