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Solenoid Hammer Valve Developed for Quick-Opening Requirements
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A quick-opening, lightweight, valve, which requires
only a low amount of electrical energy to open, and
closes by the restoring action of the mechanical
springs, has been developed. The rise time of the gas
pulse released by the valve and the effects of variation
in spring constants and stroke were measured. Best
performance obtained to date is a rise time of 125
microseconds obtained with an energy input of 3
joules. Potential reliability was demonstrated by the
successful completion of 252,000 valve operations
with no apparent degradation of the mechanism. This
valve design should be applicable to many quick-
opening requirements in fluid systems. In one config-
uration the hammer at the full extent of its travel can

reseal the plenum, thus permitting only momentary
gas flow for sampling or injection operations.

The operation of very fast gas valves is almost in-
variably electromagnetic. In applications where speed
of opening is of greatest importance, and where size
or mass of the associated circuitry and energy supply
is not an important constraint, it is usual to employ
thin metallic diaphragms driven by very rapidly ap-
plied magnetic fields. During the time interval between
switching on the field against one side of the dia-
phragm and the diffusion of the field through the
diaphragm, there is a strong flow of eddy currents in
the metal; these interact with the field and result in a
strong acceleration of the conductor away from the

(continued overleal

This document was prepared under the sponsorship of the National
Acronautics and Space Administration. Neither the United States
Government nor any person acting on behalf of the United States

Government assumes any liability resulting from the use of the
information contained in this document, or warrants that such use
will be free from privately owned rights.


https://core.ac.uk/display/10261557?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

field. Extremely rapid acceleration can be achieved
this way. . '

If, however, the quantity of energy necessary to
operate the valve is itself an important consideration,
the eddy-current valve appears much less favorable.
It is very difficult in such a device to deposit the
majority of the magnetic energy where it is needed,
i.e., in the immediate vicinity of the moving diaphragm
surface. ) o

This valve employs a solenoid to compress a spring,
then utilizes the spring energy for actuation. Since the

solenoid plunger is used only for compressing the -

spring, the weight and velocity of the plunger do not
limit the opening time of the valve. The valve mech-
anism consists of a solenoid, a lightweight hammer,
a permanent magnet, a sealing ball, and a combination
plenum chamber and ball seal. Three springs are
required, the main energy storage spring, a ball seal
spring, and a light spring for returning the solenoid
plunger after each stroke. Figure (a) shows the valve
in the normal standby condition prior to application
of power. The hammer is held in position by the
permanent magnet and the gas is sealed by the spring-
loaded ball. Both the energy-storage spring and the
solenoid plunger return spring are unstressed and in
their free lengths. Actuation is initiated by discharg-
ing a capacitor through the solenoid. The solenoid
armature is driven forward, compressing the energy-
storage spring. During the compression stroke, figure
(b), the hammer remains locked in position by the
permanent magnet until impacted by the solenoid
plunger. The impact unseats the hammer and trans-
fers momentum from the plunger to the hammer. The
hammer is then accelerated by the force exerted by
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the energy-storage spring, reaching maximum velocity
at impact with the ball. The trapped gas is released
upon impact of the hammer and ball as shown in
figure (c). The opening time of the valve is indep'end-
ent of valve closing time. The seal is closed by action
of the valve seal spring as the energy-storage spring
withdraws the hammer from its plenum seat. The
solenoid plunger and hammer then return to their
original positions shown in figure (a).
Note:
Inquiries concerning this innovation may be di-

rected to:

Technology Utilization Officer

Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

Reference: B67-10639

or to:

New Technology Representative
General Dynamics/Convair Division
Mail Zone 103-19

5001 Kearny Villa Road

San Diego, California 92112
Reference: B67-10639

Patent status:
No patent action is contemplated by NASA.
: Source: A.V. Larson, L. Liebing,
and R. Dethletsen
of General Dynamics/Convair Division
: under contract to
Lewis Research Center
(LEW-10134)
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