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•B
ackground

S
pacecraft Inertial P

roperties 
(m

ass, center  of m
ass, and 

inertia tensor) change in orbit
–

Fuel consum
ption

–
H

ardw
are reconfiguration

–
D

ocking m
aneuvers

–
E

tc. 
Inertial P

aram
eters critical for 

S
atellite C

ontrol S
ystem

s
P

roblem
:

–
P

revious m
ethods used vector 

thrusting 
R

equires fuel consum
ption

–
P

revious m
ethods also based 

on equations of m
otion

R
equires thrust forces, 

acceleration and velocity 
m

easurem
ents (too m

uch error)

Â
=

G
G

H
M

˙

E
quations of M

otion
P

ast M
ethodology



•The Future
R

obotics-based A
lgorithm

 using 
conservation of m

om
entum

–
Induce change in velocity w

ith robotic 
arm

 or appendage
P

ow
ered by renew

able solar energy
–

O
nly R

equires steady-state velocity 
m

easurem
ents

Less M
easured param

eters = Less 
E

rror
–

N
ot susceptible to transient energy 

dam
pening effects 

Fuel sloshing
S

olar array flexing
E

tc.
–

Theoretically proven to generate results 
w

ith a high degree of accuracy
–

Industry requires experim
ental 

validation prior to use

R
obotics A

pplication in P
aram

eter E
stim

ation

S
im

ulation results w
ith varying m

ass ratios

P
roposed M

ethodology



•M
ission O

bjectives
O

btain experim
ental data for a spacecraft-robotic arm

 m
ock-up system

 in order to 
validate the new

ly developed algorithm
P

erform
 experim

ents in space-like environm
ents for sufficiently representative data of 

orbiting system
s

Inertial Property 
Identification A

lgorithm 
Verification

 D
eterm

ine 
Actual Inertial 

P
roperties

Perform
 experim

ents 
To obtain dynam

ic 
m

easurem
ents

3 D
O

F 
A

irbearing 
Tests

6 D
O

F 
M

icrogravity 
Tests

A
pply data to algorithm 
=C

alculated Inertial 
P

roperties

Actual M
ass

A
ctual 

C
enter of 
M

ass

A
ctual 

Inertia 
TensorC

om
pare values 

to determ
ine 

accuracy



•Free Floating S
ystem

 (FFS
) 

D
esign

M
ain H

ousing
–

R
epresentative of the spacecraft body

–
M

ade of high im
pact P

olycarbonate
–

S
ensors include

3 Triaxial accelerom
eters

3 orthogonally configured single axis 
R

ate-gyros
–

Interior m
ounted secondary 

m
assP

rovides variance in the m
ass 

ratio
R

obotic A
rm

–
P

ivot H
ousing A

ssem
bly

Includes S
tepper m

otor for 
precision control  

–
W

ith encoder feedback
M

agnetic E
ncoder m

ounted on 
m

otor shaft
–

A
rm

ature



•M
ounted R

elease S
ystem

 (M
R

S
)

D
esign Functionality

–
R

otating platform
 provides a 

controlled initial angular velocity
–

E
lectrom

agnets restrain the Free 
Floating S

ystem
 (FFS

) in place 
until m

icrogravity com
m

ences
–

C
ollapses and folds  to the 

fuselage floor to m
itigate 

interference of FFS
 free floating 

state
–

P
ow

er S
upply and control 

system
 m

ounted on the unit
B

efore m
icrogravity com

m
ences

A
fter m

icrogravity 
com

m
ences

P
reprogram

m
ed 

M
aneuvers



•Feasibility A
ssessm

ent
P

revious Zero-G
 testing

–
Issues w

ith previous 
“P

arabolic Trajectory” 
zero-G

 testing
U

ncontrolled fuselage 
m

otion cause by 
aerodynam

ic forces on the 
aircraft
Insufficient test run tim

e
–

Justification for sub-
orbital experim

entation
M

ore controlled test 
environm

ent – negligible 
aerodynam

ic forces
Longer periods of 
continuous Zero-G

E
xisting hardw

are
–

N
eeds repairs

–
R

equires slight 
m

odification to becom
e 

m
ostly autonom

ous
A

ssessm
ent R

esults
–

Very Feasible!!



•C
onclusion

A robotics-based inertial param
eter 

identification m
ethod has been proposed 

by the N
M

S
U

 D
ynam

ics and C
ontrols 

research G
roup

P
roposal
–

To experim
entally validate this m

ethod 
utilizing the zero gravity environm

ent provided 
by the up and com

ing privatized sub-orbital 
research program

s 
O

nce validated the m
ethod can be applied 

to any space m
ission to increase the 

efficiency of the system
 identification 

process
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