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Introduction
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A Trajectory Tracking Algorithm
for the LSMS Family of Cable-Driven Cranes

NASA Langley Research Center



Planetary multi-purpose robotic crane

e Cable actuated and stabilized

Schematic of the LSMS
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Kingpost Waist
Arm Shoulder
Forearm Elbow
Interesting dynamics
e Coupled — shoulder and elbow angles
* Nonlinear — different from a serial manipulator
* Hybrid — 6 spreader configurations
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Geometric Model

ASCEND - Las Vegas - August 1%, 2024 javier.puignavarro@nasa.gov 6



* As the arm lowers — spreader D becomes load bearing

Configuration (a) 01 > 07 Configuration (b) 61 < 67
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Dynamic Model
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Dynamic Model of the LSMS

e Assume rigid, massless cables

* Joint angles as the generalized
coordinates

6 == [0y, 61,0-]

* The dynamics of the LSMS derived using the Lagrange’s equation

Inertia Gravity

o) é — C(6.6)6 + (/9)}4_ 74(0,6) + I (0) we + T (6) w, +[B(0)7)

Y

Coriolis, centrifugal Friction Control /

Schematic of the LSMS
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Safe Operational Constraints

* Motor constraints

. (
 Maximum speed wol < @0, |wal < @a,  |ws| < @p }

\.

-

e Maximumtorque | |rmo| € Fmos  |Tmal < Fmas  |Tmg| < meJ

\.

* Geometric constraints
* Avoid elongated triangles in the pattern

[SiIlI/AECA>O — ngé’lgé’_l} [SinvF2§F>0 — Qzﬁé’zﬁ_zJ
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* Motor constraints

* Maximum speed [ wo| < @0, |wa| < @ay  |ws| < @5 ]

* Maximum torque ([7ingl < gy [7mal < Fnas [l < 7oug |

* Geometric constraints
* Avoid elongated triangles in the pattern

cable
tension

[Sinr/Azg“A>0 — Q1§91§§1]

 Cable tension constraints J %Ny
- - 0 1 0] -_ .
1 —mB :__'_'J

7
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Envelope Visualization

ASCEND - Las Vegas - August 1%, 2024 javier.puignavarro@nasa.gov 16



Motor Constraints

Motor A — speed constraints Motor B — speed constraints

0, [deg/s]

fe speed motor A o safe sedoto B :
ceeded max. speed motor A exceeded max. speed motor B

0, [deg/s]

100 gors = = . 50 -100 50 0 50 100 150
6, [deg] 0y [deg]

slower motor speeds achieve greater joint rates
at extreme values of 01
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1 Loss of Tension — Loading Configurations
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no changes in delayed LOT
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%}:} Loss of Tension — Constant Speed Maneuver

The same maneuver in low gravity environments
can yield to scenarios where the

inertial, centrifugal and Coriolis forces are dominant

Earth, 6, = —20 deg/s Mars, 0y = —20 deg/s Moon, 6y = —20 deg/s
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Models leveraged to define the safe operational envelope

* Geometric
* Dynamic

Constraints considered
* Motor — speed and torque limits

Conclusion

 Geometric = avoid degenerate triangles

e Cable tension — avoid compression

Constraints not considered in this paper

e Structural limits
e Self collision constraints

Scenarios considered

* Loading — no lift, elbow and wrist lifts
* Planetary surfaces — Earth, Moon, Mars
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|

l 7.5 m Reach

javier.puignavarro@nasa.gov

*LSMS can lift twice as
much at the elbow

¢ l
2000 kg* 1000 kg
{ l
1200 kg* 600 kg
{ {
70 kg* 35 kg

l 5.0 m Reach l 2.25 m Reach
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