FOR SPACE STUDIES

CALIFORNIA INSTITUTE OF TECHNOLOGY
JET PROPULSION LABORATORY

Solar Salls and Strength of 3

h L McNutt Jr.

Space Department Research Branch Chief Scientist for Space Science
B & ©1240.228:5435
' Ralph.McNutt@JI]uapl.edu'

-

Tuesday, January 13, 2015
Think Tank, Room 155, . . -
Keck Center . , o JOHNS HOPKINS

- : . ‘ APPLIED PHYSICS LABORATORY
3 : 50 M 4 ? OO P M 11100 Johns Hopkins Road, Laurel, MD 20723-6099




The Issue

. “u'Solar sails haveto transfer the Jdistrlbuted"I'lght;.pres,Su're from = -
‘the Sunback to a concentrated mass -the sp_aiCecraft_.’_."'orf e
“observatory” e SRt .

= For solar sa|Is to effect s1gn|f|cant” propulswe capablllty, they
need to have a “Ilghtness number” A ~ 1, that is, the entlre ‘
- sallcraft” (salls plus support plus observatory) must be . S
suff|CIentIy low-mass to be pushed eff|C|ently by Ilght pressure 3T

This means that the strength of the supports for transferrlng I
concentratlng the | pressure force to the acceleratlon of the o Lam
spacecraft prov;de a I|m|t to what can be accompllshed W|th

. solar sail propulsnon A : <2 .

= The questlon is how to deaI W|th calculatlng thls constralnt in a
fashlon that |Ilum|nates the necessary trades b 2
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A Gedanken Experiment Approach

.~ "= Consider an ideal sailcraft -
> Perfectly reflecting sails _' '
> “Point mass” observatory e . 2
» Connected to the sail supports at the center of symmetry of the sa|I
. » Sail is taken as “flat” to flrst order : s L
A Sall segments are trlangular SR

- ConS|der an |deal trajectory
> Sail normal pomted radrally toward the Sun
> Angular momgntum is* conserved S

= ConS|der an ideal conflgurat|on
.- > Sails supported by slmple hoIIow spars

> Spars transfer the solar radlatlon pressure to the central i
- observatory mass o e
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Example of Stress Analysis

e Each spar |nd|V|duaIIy experlence a torque about the entral

-mass support

= Detailed analysis is a serles of papers by Greschlk and Mlkulas

(2002) and others
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B Fig. 3 Parameters for 400-m stripped sails at 1 AU: payload, mp = §

320 kg: sail film, og;,= 6895 Pa=1 psi; =2.5 pm;: sailcraft, my, ~

nght pressure |s down’:
: 'from top

' -GraV|ty is up so

Ithe observatory puIIs
- _center-pomt up :

:__jPrOVide"S a pOte'ntiaI |
--mechanlcal failure pomt_' i

| | where spars are .~
M 1200-1350kg; p~ 5.4-6.3 g/m?; and performance, ac ~ 0.9-1 mnv/s2. §

4- spar example :

concentrated- mass of

cantelivered.
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Question Is What Materials Can Support

G As the observatory mass mcreases the requwed sa|I snze and
Spar Iengths increase : S 4 i

.= If the spars cannot support the radlatlon pressure then they W|II
L fa|I I|ke an umbrella in a strong wmd ; £ -
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