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Human To Mars?

• It’s Expensive!

• Global Cooperation
• Human Spirit
• Science and Engineering
• $20 Billion ‘Mars Direct Mission’ - Zubrin
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Mars Reference Mission
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Solar Electric Propulsion Mission Concept
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IMLEO:
382.9 MT (HLV)
26.8 MT (STS)

Total Launches:
5 HLV
1 STS
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2011: One SEP stage delivers 
two Cargo MTV/TMI’s to 

39,709 x 800 km @ 51.6 deg. 

2014: Same SEP Stage is refueled 
and delivers piloted MTV/TMI to 

70,761 x 800 km @ 51.6 deg. 

2011 

HLV HLV 

2014 

HLV 

2014 

Tot. Tot. 

Taxi 

Tot. 

HLV 

TMI 

Tot. 

2011 

HLV 

2014 

STS 
/LFBB 

SPM 16.0MT 

EPM 60.0MT 

75.9MT 

MTV 80.3MT 

80.3MT 

TMI 29.2MT 

EPM 47.1MT 

Tot. 76.3MT 

26.8MT 

26.8MT 

2011 

MTV 52.6MT 

20.5MT 

73.1MT 

MTV 55.8MT 

TMI 21.4MT 

Tot. 77.3MT 

MTV - (Injected) Mars Transfer Vehicle 
TMI - Trans Mars Injection Stage/Propellant 
SPM - Solar Power/Bus Module 
EPM - Electric Propulsion Module (wet) 
Taxi - LEO to HEO Crew Taxi 1 STS 

IMLEO: 
382.9 MT (HLV) 
26.8 MT (STS) 

Total Launches: 
5 HLV 
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Nuclear Thermal Propulsion
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��0RGLILHG��'50 

XVHV��ELPRGDO��175V� 
���� ���� ���� ���� ���� ���� ����� ����� 

7RWDO�� ����� ����� ����� ����� ����� ����� ����� ����� 
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 &RPPRQ��%LPRGDO��175�70,�VWDJH�SURYLGHV����N:H�SRZHU�FDSDELOLW\�WR�WKH�(59��&UHZ�DQG�&DUJR�ODQGHU�PLVVLRQV���$OVR 
VXSSOLHV�0&&�EXUQV�IRU�WKHVH�PLVVLRQV���)RU�FDUJR�ODQGHU��WKH��%LPRGDO��VWDJH�UHIULJHUDWLRQ�KHDW�UHMHFWLRQ�V\VWHPV�FDQ�EH�XVHG 
WR�FU\RFRRO�����W�RI��VHHG��/+��DQG�GXPS��ZDVWH�KHDW��IURP����N:H�',36�SRZHU�FDUW� 
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/ 

Magnum Launch Vehicle 

Liquid Flyback 
Booster (2) 

Payload Fairing 
92 ft cyl x 25 ft I.D. 

Circularization 
Stage 

LO2 Tank 

LH2 Tank 

RS 68 
Engines (2) 

Payload Stage 
Adapter 

Fwd Booster Attach 

Aft Booster 
Attach 

Thrust 
Structure 

NTR stage and aerobraked Mars payload 
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Three-Magnum Combination Lander Scenario


2XWERXQG ��$HURFDSWXUH�DW�0DUV 
��(DUWK�/DXQFK &RPER�/DQGHU 
�0,��6(3

�0���&RPER�/DQGHU
 ��70, ��$HURFDSWXUH�DW�0DUV 
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(DUWK 
5HWXUQ 

���0DUV�2UELW�5HQGH]YRXV 
$VFHQW�9HKLFOH�ZLWK�&UHZ 

���(DUWK�2UELW�5HQGH]YRXV ���7(, 	�7UDQVLW�+DE�7(,

7UDQVLW�+DE�ZLWK�&UHZ�	�6KXWWOH 7UDQVLW�+DE�7(,�ZLWK�&UHZ
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Three-Magnum Split Mission Scenario
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���0DUV�$VFHQW 
$VFHQW�9HKLFOH�ZLWK�&UHZ 

���0DUV�2UELW�5HQGH]YRXV 
$VFHQW�9HKLFOH�ZLWK�&UHZ 
	�5HWXUQ�+DE�7(, 
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5HWXUQ�+DE�7(, 
5HPDLQV�LQ�RUELW 

��'HVFHQW�	�/DQGLQJ 
$VFHQW�9HKLFOH 
$VFHQW�SURSHOODQW�SURGXFHG 
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���70, 
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���(DUWK�2UELW�5HQGH]YRXV 
5HWXUQ�+DE�ZLWK�&UHZ�	�6KXWWOH 

(DUWK 
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Temperature
Temperature
Earth


Mars


• ~10°K (18°F) between 
Over 0.75 m (30 in) height

 0.65 m (knee) & 1.4 m (shoulder)288°K (55°F)15°C 

218°K (-67°F)-55°C 

∆T 60°K (108°F) 
night day 

• Noon: vertical temperature variation highest 

• Night: vertical temperatures are very similar

• Expansion and contraction of materials, 
resulting in great stresses 
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Life?Life?

0DUV�2EVHUYHU�&DPHUD�,PDJHV

• High resolution images identify interesting places for 

exploration. 

0DJQHWLF�6WULSHV 
��2OGHVW�SODFH�RQ�0DUV�LGHQWLILHG�XVLQJ�PDJQHWLF�VWULSHV

��6RXWK�SRODU�FDS�PD\�KDYH�SUHVHUYHG�RUJDQLF�PDWHULDO 
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Wind
Wind
• Wind direction – blows from all 

directions within one day 

• Daily repeating wind direction and 
wind speed pattern. 

• Highest turbulence in the morning 

• Greatest wind speeds early morning
and around noon 

• Numerous dust devils each day
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Surface MaterialsSurface Materials

• Regolith 
• Dust: 40µm–large boulders several m in diameter 
• Harder than Aluminum & softer than Nickel 
• Abrasion: blowing dust will wear down solar panels, 

other equipment 
• Dust adheres to solar panels, 0.28% per Sol 

- decreases efficiency of solar panels
• Dust is magnetic

- sticks to everything 
- charges equipment and produces electrical


 discharges which interfere with operations


1 Sol = 1 Mars day = 24 h 37 min 22.66 s 
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System Mass Design 

/RQJ�'XUDWLRQ�6SDFHIOLJKW���¶�7HVW�&KDPEHU 
3KDVH�,,,������ 7RWDO�9RO�����P��FUHZ 5HI��PLVVLRQ 

9��������� ���� 

6N\ODE ,66 0LU 
��� 

7RWDO 6DO\XW�� 
3UHVVXUL]HG 676$SROOR �� $SROOR 9ROXPH /(0 &0 6R\X] �P���FUHZ 0HUFXU\


9RVWRN

� *HPLQL 

9RVNKRG 

��� 
� �� ��� ���� 

0LVVLRQ�'XUDWLRQ��GD\V� 
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Science Manifest


6XUIDFH�6FLHQFH�(TXLSPHQW
 '50���� 
�����)LHOG�*HRORJ\�3DFNDJH ��� NJ 
�����*HRVFLHQF�/DERUDWRU\�(T� ��� NJ 
�����([RELRORJ\�/DERUDWRU\ �� NJ 
�����7UDYHUVH�*HRSK\VLFDO�,QVW� ��� NJ 
�����*HRSK\VLFDO�0HWHURORJ\�,QVW� ��� NJ 
��������0HWHU�'ULOO ��� NJ 
�����0HWHURORJ\�%DOORRQV ��� NJ 
�����%LRPHGLFDO�%LRVFLHQFH�/DE ��� NJ 
�����'LVFUHWLRQDU\�6FLHQFH ��� NJ 

7RWDO ���� NJ 

&UXLVH�6FLHQFH�(TXLSPHQW
 
�����3DUWLFOHV�	�)LHOGV�6FLHQFH ��� NJ 
�����$VWURQRP\�,QVWUXPHQWV ��� NJ 
�����6PDOO�6RODU�7HOHVFRSH ��� NJ 
�����%LRPHGLFDO�,QVWUXPHQWV ��� NJ 

7RWDO ��� NJ 


��1$6$�5HIHUHQFH�3XEOLFDWLRQ����� 

'50���� 
��� NJ 
��� NJ 
�� NJ 

��� NJ 
�� NJ 

��� NJ 

���NJ�QRW�DFFRXQWHG�IRU 
���NJ�QRW�DFFRXQWHG�IRU 
1R�FKDQJH 
����NJ�GLVFUHWLRQDU\�PDUJLQ�UHPRYHG 
����NJ�GLVFUHWLRQDU\�PDUJLQ�UHPRYHG 
1R�FKDQJH

��� NJ 

1HHGV�EHWWHU�GHILQLWLRQ 
1HHGV�EHWWHU�GHILQLWLRQ 

��� NJ

��� NJ

� NJ 5HPRYHG 

���� NJ 

��� NJ 1R�FKDQJH 
��� NJ (VWLPDWH�RQO\ 
��� NJ 1R�FKDQJH 

1HHGV�EHWWHU�GHILQLWLRQ 

��� NJ 
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Martian Space Walks 

•	 Beyond ISS humans will go to Mars 

•	 EVA primary activity to search for life 

•	 Revolutionary technologies/methodologies 
needed 
– Optimize human performance in partial gravity 

•	 Promise of engineering analyses and design 
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Space Suits 

Apollo Shuttle/ISS Mars 
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Why?

ISS “The Wall”


� 

��� 

��� 

��� 

�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

5866,$1 

$32//2���6.</$% 

*(0,1, 

&$/(1'$5�<($5 

5HY��(�$VVHPEO\�6HTXHQFH 
�

We are here. 

History
6+877/(���+67���'72���,66 

ZLWK�+67���$�����%� 

7RWDO�8�6��(9$�'XUDWLRQ������ 
7RWDO�5XVVLDQ�'XUDWLRQ������� 

18 



Prof. Dava Newman 16.423J/HST515J Space Biomedical Engineering and Life Support 

Mars: “The Mountain”
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�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

0$56 
5866,$1 

*(0,1, 

&$/(1'$5�<($5 

5HY��(�$VVHPEO\�6HTXHQFH 
:LWK�+67�DQG�6XUIDFH�([SORUDWLRQ 

$VVXPSWLRQV� 
���86�,66�0DLQW��(9$�\U�SRVW�DVV\�FRPSOHWH 

We are here. 

6+877/(���+67���'72���,66 
$32//2� �� 6.</$% 

��5XVVLDQ�,66�0DLQW��(9$�\U�SRVW�DVV\�FRPSOHWH 
��+RXU�/XQDU�(9$V�FRPPHQFLQJ�LQ����� 
������+RXU�0DUV�(9$V�LQ����� 
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NASA Mars Reference Mission

• www_sn.jsc.nasa.gov/marsref/contents.html 

• Launch Strategy 
&$5*2�� +$%�� 

$VFHQW�9HKLFOH��'U\��	�/DQGHU +DE�0RGXOH�DQG�/DQGHU 
,658�3ODQW�	�+��)HHGVWRFN 6XUIDFH�1XFOHDU�3RZHU 
6XUIDFH�3RZHU�6\VWHP 8QSUHVVXUL]HG�5RYHU 
3UHVVXUL]HG�	5RYHU ����'D\�&RQVXPDEOHV 
��7HOH�RSHUDWHG�6FLHQFH�5RYHUV 
8QSUHVVXUL]HG�5RYHU 
',36�&DUW��6FLHQFH 

�����P 

�����P 

����P 

�����P 

�����P 

����P 

������W ������W 

(59�� 3LORWHG�� 
5HWXUQ�+DE�/2;�&+��7(, 6XUIDFH�+DE�DQG�/DQGHU 
����������'D\V�&RQVXPDEOHV 8QSUHVVXUL]HG�5RYHU 

����������'D\V�&RQVXPDEOHV 

�����P 

�����P 

����P 

�����P 

�����P 

����P 

������W ������W 
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