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Abstract: Due to the excessive development speed, the rotation mechanism is often damaged by collision with
the limit device when it is deployed to a predetermined form. For example, when the Falcon 9 rocket produced by
SpaceX is deployed in the folding leg, too large a corner speed may lead to the destruction of the pin hinge of the leg.
Installing a damper can slow down the speed of the mechanism and improve the safety of deployment, which is the
premise and guarantee of the stable landing of the rocket. The traditional displacement damper cannot adapt to the
speed, and there is a risk of sticking when applied to the mechanism development. However, the traditional high—
pressure oil damper easily causes leakage and failure under high—speed operation. As a new type of velocity damper,
eddy current torque damper can be used to slow down the angular speed of the mechanism. It has the advantages of
no external power supply, no working fluid, and strong durability. However, due to the low relative motion speed
between the permanent magnet and the conductor plate, its energy dissipation efficiency is not high, which limits its
application in engineering. To enhance the performance of traditional composite tube eddy current dampers, a
composite tube eddy current torque damper with the optimized magnetic circuit is proposed in this paper. Compared
with traditional composite tube eddy current dampers, the damper proposed in this paper has litter magnetic leakage
and a smaller installation volume. In addition, the working speed of the damper is increased by adding a gear
accelerating device to further improve the energy consumption performance. The finite element model of the eddy
current torque damper was established based on COMSOL analysis software, and the effects of air gap, conductor
tube thickness, and back iron thickness on the torsional damping coefficient were analyzed. At the same time,
considering the installation space size, the formula for calculating the eddy current damping force is derived, and
the formula for estimating the eddy current torque damping coefficient of the composite pipe is proposed. The
prototype of a large speed discharge eddy current torque damper and the principle verification device of the
expansion mechanism are manufactured, and the impact retarding performance is tested. The results show that for
the specific damper parameters, reasonable values of the thickness of the permanent magnet and conductor plate can
obtain high torsional damping coefficients. The damping coefficient estimation method presented in this paper can
accurately describe the mechanical properties of a velocity amplifier eddy current torque damper in the damping
linear section. Using a prototype damper weighing about 12 kg, the final kinetic energy dissipation efficiency of the
test development mechanism can reach 41.6% under the most unfavorable working conditions, which has a strong
energy dissipation efficiency advantage.
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Fig.1 Damper construction drawing
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Fig. 13 Torque of eddy current damper at different rotational

speeds of the mounting arm
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Tab. 3 Table of energy dissipation results of eddy current

buffer mechanism

T R RTT A/ (rad -s7") HEREFERL AT 23 /%
TEMPHN  FEWH BHERR ¥

TH— 6.46 0.252 99.3 99.9
T 6.92 1.353 96.4 96.2
TH= 7.16 2.147 90.5 91.0
AL 5.51 1.625 92.0 91.3
MRV 5.56 2.938 73.0 72.1
HRUWAN 5.58 3.629 58.4 57.7
TH L 4.68 2.361 75.4 74.6
THN 4.64 3.091 50.9 55.6
T8 4.62 3.532 37.6 41.6
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OOk ki SNEEL R A I N -8 g (]
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J T whil g kIS A B EELSIS T
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HIAEBHJE &, KRR B2 25 17 4% G v 8 i B e 4 i #E fE
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(R BELJE R B KAk, T8 0 5 B 3k 31— {1 %o BEL
JE Z BT M AN (] B AE o A B R DR B ) 1
BUT BTN 23 A ] B e DR 12 v FELJE R 8

3T A — o e 7S (R BRI 1) BELJE 3R 5l
S A BRICRERISE W) & 8T LA R T 22
I 25 R R B 5 FL A 45 3 50 45 W) & 4
Iy fEH 12.27 kg HJE 48 T, GRS R IFHLIG 7E e A
FITH T B R A S REAE B IA 41.6%.
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