Variable length sling load hoisting control method
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Abstract. This work proposes a variable length sling load hoisting towards the control of oscillations and stabilization
of MEDEVAC single-point sling loads. In the context of variable sling length control methods, a control law is sought
that dampens the oscillations during hoisting of a low-mass sling load. This work discusses a method using initial sling
length, a time step, and a desired final sling length to obtain a control law for these parameters. An initial proof of concept
of the proposed control strategy is provided, and stability of the proposed approach is being investigated.

Introduction

Currently, whenever cargo transport is desired or a medical evacuation (MEDEVAC) is needed, a sling load is
incorporated. A proper sling load maneuver comprises the helicopter achieving a hover, picking up the load or
patient, moving to a desired location and either attaining a hover again if the load is cargo or landing if it is a
MEDEVAC patient. At any point in the hoisting process, external forces and internal inputs such as pilot or
flight computer control inputs and wind loads can affect the stability of the payload. If these oscillations are too
large, the load may be cut. This is not feasible for MEDEVAC hoists, which could create a dangerous situation
dangerous for the aircraft and the crew. Currently, the common solution to such large-amplitude oscillations
is the crew chief of the aircraft grabbing the sling and attempting to stabilize the payload motion. This is
an extremely dangerous maneuver and is contingent on the crew noticing the oscillations in time. If a crew
member does not observe the swinging load, the cable could strike the helicopter, resulting in essentially a
pulse input into the controls, which could create unrecoverable conditions, likely resulting in a crash if the pilot
cannot recover properly. For this reason, there is a need for a reliable sling load stabilization system that can
effectively dampen low mass, lightly damped sling load oscillations [1]-[4].
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Figure 1: Preliminary results studied in MATLAB for a UH-60M helicopter rescue with initial length I(¢t,) = 30. m, b = 90 %,
0o = 2,00 = 0, t, = v/30. 5; ty, = 1.02/30.; tyy = LFWVI% 4 — 1.041/30.; tg = 1.06v/30.; teg = L)l V30:

Results and Discussion

We consider the planar pendulum with variable length [(t) under gravity, g, with the small angle approximation
such that § + 2791 + %9 = 0 [5]. An overdamped solution, 6(t) = A1e P is substituted into the second order

differential equation to obtain a first order differential equation for the length, — % — 55 = 0. This first order

differential equation is solved to obtain a sling length control law for I(#) such that I(t) = [I(ta)+ %] e3(t=t) _

&, where [(t,) is the length at time ¢ = #,. We can set [(¢y) to represent the cable length at time ¢ = #;, and

. by . . . . .

At = t, — ty = typ, to obtain [(t,) = [l(ta) + b%} ea(th—ta) _ b%. We introduce a piecewise linear function for

the cable length at time intervals {¢s, tcd, - - - , } that increase and decrease the cable length. Figure 1 shows

preliminary results for swing angle and length for [(t,) = 30. m, b = 90., 0y = 5, 0o = 0, t, = V/30. s.
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