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BACKGROUND

= Delivery of equipment and payload requires a
transportation mechanism that can ensure safe arrival of
these items to the planetary surface.

= Landing system designs must consider the variability in
payload size and landing conditions.

= Many designs consider the use of active energy attenuation
system such as retrorockets and deployable parachutes, but
these systems are prone to failure.

= A different design approach was considered using passive
energy attenuation mechanisms. Energy absorption
materials were identified and designed to withstand
acceleration at various landing conditions.

https://en.wikipedia.org/wiki/Retrorocket#/media/File:Rocket_assisted_descent.jpg

= This approach has also been used by various NASA projects
as alternative means of designing landing system.



OBJECTIVE

" The goal is to design a payload delivery system using
passive energy attenuation mechanisms i.e., energy
absorption materials previously studied at NASA.

_ Teardrop shape —Top OML
" The design of the outer mold line (OML) of the /

capsule needs to contain the payload as well as
provide passive up-righting capability.

Round shape — Bottom OML

= Design needs to be robust enough to ensure the
internal payload doesn’t exceed the specified 8 in.
acceleration limits.

" Honeycomb design was used as energy absorption
material inside the payload capsule.

= Different density of honeycomb structure was - - Cylinder shape — Payload
modeled to observe the changes in the peak loads in | . |
the capsule during impact. 8 in.




HONEYCOMB CELL SIZING

= Model for the honeycomb lander was
accomplished in LS-DYNA.

®  Quadrilateral shell elements of
approximately 0.2 in was used for outer

capsule, payload shell, and honeycomb 2500 _Pre“milnary Design
structure. 2000 /\ ——Updated Design
= Previously modeled concrete was used as C
: . : . 1500
landing surface. Simulation was vertical s 5
drop at 50 ft/s. Preliminary Design © 1000 |
Q
= Two honeycomb designs are presented S 500}
here. <
= Preliminary design: 0.2 in x 0.4 in. 0
= Updated design: 0.4 in x 0.8 in. -500 ' '
0 0.005 0.01

" 62% reduction in peak acceleration with

updated design. Time [sec]

Updated Design



IMPACT SURFACES

Concrete Impact

= Honeycomb design impact on two
different representative surfaces was
studied. Concrete surface and soil impact

surface were explored.
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= Representative soil model obtained from
previous testing conducted at NASA.
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= 50 ft/s vertical drop simulation compared
for concrete vs soil surface.

Soil Impact

=  Soil impact surface acts as energy
absorption rather than the honeycomb in
this case.

Acceleration (g)

= Design needs to consider how to
optimize effectiveness in both landing
surfaces.
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LANDER ORIENTATION

= Impact of pitch angle on the landing
system was studied. Pitch angle was
the orientation of the landing system

velocity in relation to the surface. 0 1000 ; e
. . — Itc
degree is vertical drop of the lander. 800 | 159 pitchl-
m Z-direction acceleration measured 45° Pitch

600

along local coordinate system of the
landing system.

400

= Pitch angle of 0, 15 and 45 degrees
were studied using concrete landing
surface to observe honeycomb 0
structural response.

0-degree pitch 200t

Acceleration (Q)

-200 - - - -
0 0.002 0.004 0.006 0.008 0.01

Time [sec]

" Increased pitch angle caused slight
increase in acceleration response of
the lander indicating larger lateral
stiffness in the design.

45-degree pitch



IMPACT SPEED: CONCRETE

The speed at which the lander
impacts the surface was explored
for the concrete surfaces.

= 50 ft/s, 75 ft/s and 100 ft/s vertical = 10000 Yo
drop simulation (0° pitch angle) ‘—,3-:{—_;%3_’:_ 25 ft;
were conducted. h =) 8000 100 ft/s| |
-
= [ncreasing the impact speed above S 6000
50 ft/s caused the honeycomb 50 ft/s impact E 4000 ﬁ
structure to bottom out and allow &
thefpayllcaciI to impact t|?e concrete < 2000 }
surface leading to a spike in |
acceleration. 0 k= bﬁ-’mﬂ
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were conducted on the soil landing

surface.
For the soil surface, impact speeds

above 50 ft/s initiated crushing in

the honeycomb structure
simultaneously to design a lander

maintaining acceleration levels of
suitable for all conditions.

50 ft/s, 75 ft/s and 100 ft/s vertical
800 g.

drop simulation (0° pitch angle)
landing condition, impact pitch

Factors such as impact speed,
angle must be explored

IMPACT SPEED




COMPOSITE CRUSH TUBE: SOIL

" |n addition to honeycomb material,
composite crush tube with
corrugated sides used in energy

' ' 1000 - - . .
absorption for seat designs was Soft Soi
explored. 800 | — = Crush Tube|-

= Honeycomb and composite crush ? 600 ]
tube can be combined to optimize . 9
, . , : S85s ® 400 .
the design to limit accelerations in SSeSEss o
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various conditions. :tttfggf.:::gﬁ S 200 .
SRR <
= Honeycomb cell size and composite 0 ]
crush tube size was adjusted to
red revi leration peak -200 ' ' ' '
educe previous acceleration peaks 0 0002 0004 0.006 0.008 0.01

f 800 g. .
° 8 50 ft/s impact Time [sec]



COMPOSITE CRUSH TUBE: CONCRETE

=  Composite crush tube design was
also evaluated with the concrete
landing surface.

1000 : .
= [nitial design of composite tube ——Concrete
bottoms out and impact concrete N 800 — = Crush Tubel
surface for impact speed of 50 ft/s. ? 600 ]
——==E 9
=  The diameter and thickness of the E%%%%%E? T 400 ]
: . o
composite tube was adjusted to % 3
provide additional stiffness. & § 200
0
-200
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PARAMETRIC STUDY

Parametric study on the impact of speed, pitch
angle and payload mass was studied using LS-OPT.

= Multiple speeds (33.3 ft/s-66.7 ft/s)
= Multiple pitch angle (0°-60°)
= Multiple masses (15 — 23 Ibs.)

Seven points were selected to conduct the
simulation. Linear response surface derived from
the simulations.

Peak acceleration in the concrete surface was
mainly dependent on pitch angle and impact speed
rather than mass.
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CONCLUSION

Passive energy attenuation is a
viable means of design vehicle used
for payload delivery.

Several factors must be considered
to optimize the design to ensure
payload stays within acceptable
limits.
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Future designs can optimize the
shape and size of the internal
material through design iterations
based on the known constraints
such as landing location and impact
speeds.
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