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Double-Acting, Locking Carabiners
Lyndon B. Johnson Space Center, Houston, Texas

A proposed design for carabiners
(tether hooks used in mountaineering,
rock climbing, and rescue) is intended
to make it possible to operate these de-
vices even while wearing thick gloves.
According to the proposal, the gate of a
carabiner would be capable of swinging
either toward or away from the hook
body, relative to the closed position.
The gate would be spring-biased to re-
turn to the closed position. An external

locking collar would be pinned to an in-
ternal locking rod that would be spring-
loaded to slide the collar longitudinally
over the gate to lock the gate in the
closed position. The gate would be un-
locked by sliding the collar axially
against the spring load. To reduce the
probability of inadvertent unlocking,
the rod-and-collar mechanism would
include two locking buttons. Option-
ally, the rod-and-collar mechanism

could be replaced with an external
locking mechanism based on a longer
collar.
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Position Sensor Integral With a Linear Actuator
This sensor adds little to the bulk and weight of the actuator.
Marshall Space Flight Center, Alabama

A noncontact position sensor has
been designed for use with a specific
two-dimensional linear electromagnetic
actuator. To minimize the bulk and
weight added by the sensor, the sensor

has been made an integral part of the ac-
tuator: that is to say, parts of the actuator
structure and circuitry are used for sens-
ing as well as for varying position.

The actuator (see Figure 1) includes a

C-shaped permanent magnet and an ar-
mature that is approximately centered
in the magnet gap. The intended func-
tion of the actuator is to cause the per-
manent magnet to translate to, and/or
remain at, commanded x and y coordi-
nates, relative to the armature. In addi-
tion, some incidental relative motion
along the z axis is tolerated but not con-
trolled. The sensor is required to mea-
sure the x and y displacements from a
nominal central position and to be rela-
tively insensitive to z displacement.

The armature contains two sets of elec-
tromagnet windings oriented perpendic-
ularly to each other and electrically ex-
cited in such a manner as to generate
forces in the x,y plane to produce the re-
quired motion. Small sensor excitation
coils are mounted on the pole tips of the
permanent magnet. These coils are ex-
cited with a sine wave at a frequency of 20
kHz. This excitation is transformer-cou-
pled to the armature windings. The geo-
metric arrangement of the excitation
coils and armature windings is such that
the amplitudes of the 20-kHz voltages in-
duced in the armature windings vary
nearly linearly with x and y displacements
and do not vary significantly with small z
displacements. Because the frequency of
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Figure 1. Sensor Excitation Coils are the only parts added to the actuator. The electromagnet wind-
ings of the actuator are utilized as sensor pickup coils.
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