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Reference Science and Engineering Requirements

Sample goal: 10 kg

Collect rocks of up to 3 cm in diam.
Rapid collection time of ~.6 sec
Tolerant of large (>3cm) rocks

Single pass full sample as a goal, but with capability of
multiple passes
May use an extendable boom of up to 5 m in length



<] JPL

Design Drivers

* Design Drivers:
— 1.5 g/cc, loose unconsolidated regolith
— Stand-off sampling to protect the S/C: Boom
- Minimize required depth of surface layer needed to obtain sample.
—~ Compliant “contact elements”, no jamming
— Minimum to no interaction with spacecraft control system
* No net momentum vector
s Torque neutral interaction with terrain.
~ Open loop operation
— Only momentary contact with surface required
— Touch and Go velocity assumptions (worst case)
e Vv = 10m/s
*« Vh = .5 mis
—~ Low contact force required to collect sample
— Simple and robust handoff to Entry Vehicle
~ Balanced sample regardiess of final sample mass

& JPL

. Deimos Sampler

Deployable Boom: maintains \ _ Hard Landing SRV:
the S/C at a safe standoff minimizes mass, maximizes
distance, ~5m refiability, maximizes
’ ' sample return
Brush-wheel sampler: uses

counter-rotating wire brush

wheels to acquire surface
sample in < Isec. \
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Deployment Sequence

Boom is lowered prior to
terminal descent.

Cruise configuration of
sampling payload ) |~

-~ ( Brush-wheels are turmed on
prior to contact;

At start of descent or at a
specific altitude measurement.

A backup contact sensor
w off) could atso be used 5

@’ Sampling Sequence

touch & go

trajectory

.05 m|
1. Start of sampling 2. Early sample acquisition
Counter-rotating wheels produce no net Counter-rotating wheels produce no net .
angular momentum vector, hence no mass-flow thrust, some fateral thrust I‘e:l:l ceL?jrg:nr;;;u:nsu?s?gon
coupling with S/C control system. due to asymmetric contact may occur. q
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Sample Stowage Sequence

SPL

!

Sampling head is

ejected after
confirmation of complete
sample acquisition.
Earth Entry Vehicle
is opened with a
Boom is retracted. singie DOF actuator.

3 Sep bolts and 1 cable

¢

Canister is captured into

Sample canister is
placed info the Entry
Vehicle by pivoting and
then re-extending the
deployment boom.

Earth Entry Vehicle is
closed and latched.

Remaining hardware
and science instruments

the SRV using guided may be jettisoned.
cutter used_for the alignment andg passive
separation. latches and then actively
separated from boom via 7
Frangibolt separation.

JPL
Brush-wheel Sampler




@/ Boom interface JPL
Brush-wheel Sampler -

Sample container Kick-off spring Compliant wrist joint
and spring
Sample container leaf F . .
spring check valve - m"Q'bggwtpaTBﬂOn
Sampler Interface : oy . Sampier Head

Plate —— release bolt (3x)

Commutation
Electronics (6x)
Brush-wheel sampler
head.
Kick-off spring -
. Sampler side check
vaive.

Integrated motor/hub

e .
\ Sampling brushes

Optional telescoping
stabilizer

& JPL

Brush-wheel Sampler Proof Of Concept Demo.

POC unit engagement
volume:130 cc

Collected sand
volume: 250cc
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Output planetary gearbox:
(Maxon GP 26B: 5.4:1)
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Rotating Brush Unit

inches
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Aerofiex Brushless DC
3 phase motor;
This is the MER Lander
Petal Actuator motor
{shown with brake)

Brush Bristies

Brush Hub

Brush Bearings 1

Motor can be
operated at 35 volts
(spec’d per MER)

JPL

Approximate Motor-Gearbox Performance Range

Aeroflex LPA Motor @ 23 Volts
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@ Some Degrees of Freedom for (Mimizing Sampler Performance S0

Anti snag cow!
Valve mechanism '._./ \._.' Wirist compliance or
and geometry a \ / & lack thereof
. a a (@)
— | -
\y
Sample canister
shape and size
Raise or lower skirt
© Q
increase or Decrease size \\IJ)K Brush materiaf
and number of brushes configuration spéed

&~ Pendulum Offloaded and Gimbaled Sampling JPL
Videos

Pendulum Offioaded; Pendulum Offioaded; Pendulum Offloaded;
no rocks medium rocks large rocks

clean bench filters

2x4 wire gimbals
Bucket of play sand used of

counter weight

“Super-sized” sample container

2 Black and Decker
firestorm hand drills

Brush wheel sampler
Box of Play Sand 14



Top Level Block Diagram

T~ Pyro

det-cord

Sep. Bolts, 3x

Frangibolt

Sampler Head
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Brush Wheel Sampler Ballpark Mass Estimate

Boom mass between 3-4 kg
(5m length)
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Sensor

Data
¥
NSI Sampler :
Pyro Heater Head 1
Signal Power Power !

W

t

Flex Cabling ' ;

t

SPL

Component Mass Kg |Qnty CBE Uncertty |CBE+Unc,
Motor 0.25 6 1.5
gearbox 0.3 6, 1.8
housing 0.25 6 1.5
brushwheel 0.35] 6 2.1
Bearings (set of 2) 0.1 6 0.6/
[Electronics 0.1 6 0.6
Brush-unit subtotal 1.35 8.1 30% 10.53
Sampler head sub-structure 1 30% 1.30
Separation Bolts 0.25 3 0.75 30% 0.98
Sampler interface Plate 0.8 30% 1.04
Frangibolt 0.125 30% 0.16
Sampler head joint 0.25 30% 0.33
Cabie cutter 0.125 30% 0.18
[Boom Interface 0.5 30% 0.65
Cabling (pyro fuse cord) 0.5 30% 0.65
Sampie Container 2 30% 2.60
Fasteners 0.25 30% 0.33
Sampler Head Subtotal 4.4 18.72
Launch plate w/ Interfaces 1.25 30% 1.63
Frangibolts 0.125 3| 0.375 30% 0.49
Boom interface stiucture 0.5 30% 0.65
Rotation joint 0.35 2 0.7 30% 0.91
Rotation actuator 0.5 30% Q.65
Launch lock 0.35 30% 0.45/
6 struts with fittings 2 30% 2.60
Interface Structure Subtotal 5.68 7.38
16
Sampler System Total 20.08 30% 26.10
{(boom mass not included) .
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@ Boom and Sampler Dynamic Interactions

*  Spacecraft dynamics will dictate that the minimum mast stiffness will be high enough to
prevent large amplitude boom dynamics under nominal and worst case conditions:
— §/C attitude control maneuvering
— Touch and go lift-off thrust
—  Surface contact with max horizontal velocity
«  Maximum mast stiffness (including buckling level) should automatically load /imit the
moments imparted to the S/C to levels lower than the S/C control authority:
— Touch and go lift-off thrust
— Surface contact with max horizontal velocity
¢ Boom system should be compliant enough to allow lateral deflection of boom under max
horizontal velocity condition X contact time:
—~ Assume .5 m/sec Vh, and 3 seconds from contact to release, 1.5m Xh
~ Assume 1.0 m/s Vv, and 1.5 seconds stopping time, 1.5 m Xv

«  Bi-STEM lenticular boom is recommended.
~ Boom stiffniess can be readily taylored
— Allows for large scale buckling without damage
— Easily stowed and deployed multiple times
~ May design a variable stiffness mast, stiff at the base more compliant at the tip. )
—  { Reference info: a 22mm diam, 6m long BeCu, boom has a rated compressive load of 22N (54)} 17 )

e

L NN | 7T HPL
N W Touch and Go Trajectory g7 7
\\ \ Estimation 71 ] ]
NN g J
\\ \ 5m/s for 3 seconds: / / /
‘ \ \ 15m

1 m/s initial verticat vel.
1.5 sec. to stop:

1.5m

Note: buckled boom
shape is notionat
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Mass Summary
Sampler | 145 | 30% 187 | “Sized for 10 kg samc;le
Sampler Support 8.7 30% 11.4 5 m boom with rotation
H/W
SRV 18.1 30% 235 Sized for 10 kg sample
SRV Support HW 6.0 30% 7.8 Spin eject, hinge-motor
and support H/W
TOTAL| 47.3 30% 61.4
21
SRl

Operations Concept

After insertion into Mars orbit, maneuver into 40 km retrograde Deimos orbit.
Map surface at 1 meter. Develop shape and gravity models. Select candidate

sampling sites.

Transfer to 12 km retrograde orbit. Map candidate sites at 30 cm resolution,

refine shape and gravity models, select sampling sites.

Descend to surface. Null out velocity at 500 meters. Extend 8 meter boom
with sampler. At 50 meters, reduce vertical and horizontal velocity to < 0.3 m/s
and drop toward surface.

On contact, sampler acquires 10 kg of sample in 1 second. Spacecraft
reverses course and returns to 12 km altitude. Touch-and-go sampling.

Full telemetry during descent and sampling. Descent camera operating
continuously with compressed imagery.

22



SPL
DETERMINE CIRCULARIZE INTO 40 KM

DEIMOS APPROACH  DEIMOS GRAVITY UPPER MAPING ORBIT

HIGHER RESOLUTION SURFACE MAPPING

1 M M
| 0 R N | ﬁ\
40 KM
y KM
*MARS
APPROACH DEIMOS SEVERAL W
SURFACE MAPPING

FROM AN ORBIT 40 KM

OUTSIDE DEIMOS ORBIT REFINE SHAPE MODEL / GRAVITY

TRANSFER TO 12 KM
LOWER MAPPING ORBIT . DESCENT TO SURFACE
SEVERAL WEEKS v
DROP TO SURFACE 23
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SPL
Reference Science and Engineering Requirements

Sample goal: 10 kg

Collect rocks of up to 3 cm in diam.

Rapid collection time of ~.6 sec

Tolerant of large (>3cm) rocks

Single pass full sample as a goal, but with capability of
multiple passes

May use an extendable boom of up to 5 m in length
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Design Drivers

* Design Drivers:
— L35 g/ec, loose unconsolidated regolith
— Stand-off sampling to protect the S/C: Boom
— Minimize required depth of surface layer needed to obtain sample.
— Compliant “contact elements”, no jamming
~ Minimum to no interaction with spacecraft control system
» No net momentum vector
s ' Torque neutral interaction with terrain.
— Open loop operation
— Only momentary contact with surface required
— Touch and Go velocity assumptions (worst case)
* Vv = 1.0m/s
* Vh = .5 m/s
— Low contact force required to collect sample
— Simple and robust handoff to Entry Vehicle
— Balanced sample regardless of final sample mass

@ . Deimos Sampler JPL

Deployable Boom: rmaintains \ _ Hard Landing SRV
the S/C at a safe standoff MINIMIZES MASS, MAXIMIZES
reliability, maximizes

distance, ~5m.
sample return

rush-wheel sampler: uses

counter-rotating wire brush

wheels to acquire surface
sample in < Isec. \

T T et
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Cruise configuration of
‘sampling payload

touch & go
trajectory |

<mweml

1. Start of sampling

Counter-rotating wheels produce no net
angular momentum vector, hence no
coupling with S/C control system.

Deployment Sequence

S0

|

AN\

&8

Boom is lowered prior to
terminal descent.

( Brush-wheels are tumed on

prior to contact:
At start of descentorata

specific altitude measurement.

A backup contact sensor

(stood off) could also be used

,\/\/\/\( >

Sampling Sequence

N A

P /"'
) a3
2. Early sample acquisition

Counter-rotating wheels produce no net
mass-flow thrust, some lateral thrust

.05 m

3. Large rotations and
reduced sample acquisition

due to asymmetric contact may occur.
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Sample Stowage Sequence

i
i
|
I
i
[
|
|

Sampling head is

ejected after
confirmation of compiete
sample acquisition. Sampl_e canister is Earth Entry Vehicie is
Earth Entry Vehicle placed into the Entry closed and latched.
is opened with a Vehicle by pivoting and
h Boom is retracted. singie DOF actuator. then re-extending the
@g?ﬁ deployment boom. Remaining hardware
Canister is captured into and science instruments
| s Sep bolts and 1 cable the SRV usi:; guided may be jettisoned.
cutter used. for the alignment and passive
separation. latches and then actively
separated from boom via 7
Frangibolt separation.

& JpL

Brush-wheel Sampler
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Boom Interface

Brush-wheel Sampler

Sample container Kick-off spring Compliant wrist joint
and spring
Sample container leaf Frangibolt separation
spring check valve device
: Sampler Head
Sampler interface » = : release bolt (3x)

Piate —

Commutation
Electronics (6x)
Brush-wheel sampler
head.
Kick-off spring
Sampler side check
valve.
Integrated motor/hub
Optional telescoping Sampling bnglshes

stabilizer

S

Brush-wheel Sampler Proof Of Concept Demo.

POC unit engagement
volume:130 cc

Collected sand
volume: 250cc

10



Output planetary gearbox:

A

(Maxon GP 26B: 5.4:1)
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Rotating Brush Unit
- 58 inches
2 >
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Aeroflex Brushless DC

2.5
3.5
| s .
= r
N |
& N 1
|
i
Brush Bristles

Brush Hub

3 phase motor:

This is the MER Lander

Petal Actuator motor
{shown with brake)

Brush Bearings

Motor can be
operated at 35 volts
(spec’d per MER)

Approximate Motor-Gearbox Performance Rang

inoz

Aeroflex LPA Motor @ 23 Volts

7000 )

6000

5000 4
= 4000
& 3000

2000 I~

1000 \‘

0 - +
0 5 10 15 20 25 30
inoz
Aeroflex Motor with 5.4:1 Gearbox
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1000 o
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Some Degrees of Freedom for Optimizing Sampler Performance S

Anti snag cowl
Vaive mechanism L,_—_,/— Wrist compfiance or
and geometry 8 g lack thereof
. (=} O
\‘/
Sample canister
shape and size
Raise or lower skirt \\
° [
/\

rush materiaf,
and number of brushes

configuration, speed

Pendulum Offloaded and Gimbaled Sampling JPL
Videos

Pendulum Offloaded; Pendulum Offioaded; Pendulum Offloaded;
no rocks medium rocks large rocks

Safety goggles not on operato clean bench filters

2%4 wire gimbals

Bucket of play sand used of
counter weight '

“Super-sized” sample container

2 Black and Decker
firestorm hand drills

Brush wheel sampler

Box of Play Sand 14



Top Level Block Diagram

NSI

Pyro
Signal

Heater
Power

Sampler
Head
Power

Pyro
det-cord

ooa [‘/

junction
box
(option)

1
]
4
I
i
|
— :Iﬂ Cable cutter
i
1
1
1
i
4

Brush Wheel Sampler Ballpark Mass Estimate

Boom mass between 3-4 kg
(5m length)

S

Component Mass Kg |Qnty CBE Uncertty |CBE+Unc,
Motor 0.25| 6 1.5
gearbox 0.3 6 1.8
housing 0.25 6 1.5
brushwheel 0.35 6 2.1
Bearings (set of 2) 0.1 [ 0.6
Electronics 0.1 6 0.6
Brush-unit subtotal 1.35 8.1 30% 10.53,
Sampler head sub-structure 1 30% 1.30
Separation Bolts Q.25 3, 0.75 30% 0.98
Sarnpler Interface Plate 0.8 30% 1.04
Frangibolt 0.125 30% 0.16
Sampler head joint 0.25! 30% 0.33
Cabie cutter 0.125 30% 0.16
Boom Intefface 0.5 30% 0.65
Cabling {pyro fuse cord) 0.5 30% 0.65
Sample Container 2] 30% 2.60
Fasteners 0.25 30% 0.33
Sampler Head Subtotal 14.4 18.72
Launch plate w/ Interfaces 1.25, 30% 1.63
Frangibolts 0.125| 3 0.375. 30% 0.49
Boom interface structure 0.5] 30% 0.65
Rotation joint 0.35 2 0.7 30% 0.91
Rotation actuator 0.5 30% 0.65
Launch lock 0.35 30% 0.46
6 struts with fittings 2 30% 2.60
Interface Structure Subtotai 5.68 7.38
16
Sampler System Total 20.08 30% 26.10
{boom mass not included) .




-4 Boom and Sampler Dynamic Interactions L

*  Spacecraft dynamics will dictate that the minimum mast stiffness will be high enough to
prevent large amplitude boom dynamics under nominat and worst case conditions:
— S/C attitude control maneuvering
— Touch and go lifi-off thrust
— Surface contact with max horizontal velocity
* Maximum mast stiffness (including buckling level) should automatically load limit the
moments imparted to the S/C to levels lower than the S/C control authority:
~ Touch and go lift-off thrust
—  Surface contact with max horizontal velocity
= Boom system should be compliant enough to allow lateral deflection of boom under max
horizontal velocity condition X contact time:
— Assume .5 m/sec Vh, and 3 seconds from contact to release, 1.5m Xh
~  Assume 1.0 m/s Vv, and 1.5 seconds stopping time, 1.5 m Xv

+ Bi-STEM lenticular boom is recommended.
— Boom stiffness can be readily taylored
— Allows for large scale buckling without damage
— Easily stowed and deployed multiple times
— May design a variable stiffness mast, stiff at the base more compliant at the tip.
—  { Reference info: a 22mm diam, 6m long BeCu, boom has a rated compressive load of 22N (5%)}

@ N , g 2L
N Touch and Go Trajectory a7 7
NN Estimation 7 7

NN N - 2%
ANANRAN St o ARy
NN 8y

QD ;

1 m/s initial vertical vel.
1.5 sec. to stop:

1.5m

Note: buckled boomn 18

shape is notional {241 assumes hard ground

—_—— e e e ——— e o o - — . — — — — t—— —— -



Alternate Boom Placement

Boom may also be placed so that its line of
action passes as close to the S/C cg as
possible to minimize torques.

P REID ATy TR

L

SRV is opened; | DOF actuator with
hard-stop

Sampler mechanism is rotated into
position; 1 DOF actuator with hard-stop

Boom is extended; guided alignment with
passive latches, contact sensor (micro-
switch) verification of insertion

Sample container is released; frangibolt
release mechanism, sample container held
in place by passive spring loaded latch
detents.

Boom is retracted

SRV is closed

20
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Mass Summary

Sampler 14.5 30% "i48_7 Sized for‘16 kg sample
Sampler Support 8.7 30% 11.4 5 m boom with rotation
H/W

SRV . 18.1 30% 23.5 Sized for 10 kg sample
SRV Support HW 6.0 30% 7.8 Spin eject, hinge-motor

. and support H/W
TOTAL| 47.3 30% 61.4

21
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Operations Concept

+ After insertion into Mars orbit, maneuver into 40 km retrograde Deimos orbit.
Map surface at 1 meter. Develop shape and gravity models. Select candidate
sampling sites.

» Transfer to 12 km retrograde orbit. Map candidate sites at 30 cm resolution,
refine shape and gravity models, select sampling sites.

+ Descend to surface. Null out velocity at 500 meters. Extend 8 meter boom
with sampler. At 50 meters, reduce vertical and horizontal velocity to < 0.3 m/s
and drop toward surface.

» On contact, sampler acquires 10 kg of sample in 1 second. Spacecraft
reverses course and returns to 12 km altitude. Touch-and-go sampling.

+ Full telemetry during descent and sampling. Descent camera operating
continuously with compressed imagery.

22



DETERMINE

CiRCULARIZE INTO 40 KM

DEIMOS APPROACH  DEIMOS GRAVITY UPPER MAPING ORBIT

M1 M
U oo 4 A
40 KM
y
@
*MARS

APPROACH DEIMOS
FROM AN ORBIT 40 KM
OUTSIDE DEIMOS ORBIT

TRANSFER TO 12 KM

LOWER MAPPING ORBIT
KM
SEVERAL WEEKS

HIGHER RESOLUTION SURFACE MAPPING

SEVERAL W
SURFACE MAPPING
REFINE SHAPE MODEL / GRAVITY

DESCENT TO SURFACE

—
EARTH
500 M
NULL VELO!
STATIONARY WR OS AT 500 KM

DROP TO SURFACE
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