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An efficient high-repetition-rate fast-pulsed gas valve®

E.J. Coratand V. J. Trava-Airoldi

Institute for Space Research-INPE, Caixa Postal 515, 12201-Séo José dos Campos-S. P., Brazii
(Received 30 October 1989; accepted for publication 9 November 1989)

Inthis work we present an alternate concept of a fast-pulsed valve which is convenient for
molecular-beam spectroscepy and gas puffing in plasma assemblies. The valve operates at
repetition rates up to 100 Hz with repetitive high-intensity 100-us FWHM pulses. Its efficient
closed magnetic circuit with low power consumption permits a high-repetition-rate operation.
The very light mass-spring assembly allows for rather narrow repetitive pulses. The valve hasa
small size and is self-sealed for use with corrosive gases. A fast PYDF pyroelectric detector was

vsed for diagnosis.

INTRODUCTION

Pulsed valves to admit small quantities of gas in short pulses
into a vacuum chamber have been used since the early 1960s.
Initially, molecular-beam spectroscopy was the main appli-
cation. An opening time of about 1 ms was reached using an
electromechanical concept.’* This small opening time sim-
plified the apparatus needed in continuum-beam experi-
ments, allowing for larger instantaneous intensity without
overloading the vacuum pumps. Narrower pulses were need-
ed to achieve good resolution in time-of-flight experiments.
Pulses of the order of tens of microseconds were obtained. In
1978, a 10-us FWHM valve was developed using the concept
of repulsion of two conductors with current following in op-
posit directions.” In 1979, this type of pulsed valve was im-
proved to operate at 10-Hz repetition rate and 50-us FWHM
pulse width.* Other valves of electromechanical type were
described with modifications to operate at this range of
opening times and higher repetition rates.” ” A new concept
of pulsed valve using a piezoelectric element as piston driver®
operated at high frequencies; however, it lacked the charac-
teristics to produce high-intensity molecular beams. We de-
scribed previously a 80-us FWHM valve of high beam inten-
sity, but with a low repetition rate.’

In this work we present the concept of a pulsed valve
with short pulses, high repetition rates, and high intensity,
which are characteristics suitable to use in molecular-beam
spectroscopy and flow control. An efficient magnetic circuit
and light moving parts are used to obtain good performance.
It has been operated with 100 us pulses up to 100 Hz and gas
flow limited by a I-mm-diam orifice and up to 20-bar back
pressure. In Sec. I we present its description and principle of
operation. In Sec. [T we describe the experimental aparatus,
including the pyroelectric detector. In Sec. III its perfor-
mance is presented.

i. DESCRIPTION AND PRINCIPLE OF OPERATION

The design and construction of this pulsed valve cbeyed
the same criteria used in satellite micropropulsion control
valves optimization, with power consumption and mass
minimized. A schematic diagram is presented in Fig. 1, con-
sisting of the following: 1: body of 430 stainless steel; 2: coil;
3: 304 stainless-steel magnetic isolator; 4: piston of 430 stain-
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less steel; 5: flat spring; 6: spring spacers; 7: Teflon seal; and
8: metallic seat flange. It has been designed to operate at high
repetition rates with the development of spring and piston
fixation. The use with corrosive medium has been consid-
ered so that anti-corrosive materials are used and the coil is
isolated.

The valve has normally closed operation because of flat
spring force. A small gap exists between the piston and the
valve body. When the coil is energized, the magnetic flux is
forced to pass through the piston in a closed magnetic circuit
as shown by dashed line in Fig. 1. The valve opens by mag-
netic force action over the pision. When the current in the
coil stops, the valve closes by spring action. Narrow pulses
can be obtained by a coil of low inductance and a fast mass-
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FiG. 1. Schematic valve set. 1: body; 2: coil; 3: magnetic isolator; 4: piston; 5:
flat spring; 6: spring spacers; 7: Teflon seal; 8: valve seat. The dashed line is
the magnetic flux path.
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spring system response. Some details of design are presented
in the sequel.

A. Magnetic circuit

The main advantage of using a closed magnetic circuit is
its high efficiency which allows low-veltage and low-peak-
current operation. This characteristic permits high repeti-
tion rates with low power consumption. The magnetic force
over the piston is

Frn:st/zlu()! (1)

where B is the magnetic induction, S'is the piston-body con-
tact area, and i, is the gap magnetic permeability. The force
is larger for larger B and S, but on the other hand, Smust be
smaller to minimize the piston mass. The optimization con-
dition obtained is that the inner coil diameter is a half of
piston diameter.'® The maximum B is limited by the magnet-
ic material saturation. The selected material is ANSI 430
stainless steel because of its relatively high magnetic perme-
ability and 1.4-T saturation B. Other materials with higher
magnetic permeability give more efficient magnetic circuit,
but ANSI 430 has been chosen because of its resistance to
corrosion.

B. Mass spring system

A fast response mass-spring system is one of low mass
and high elastic constant. The piston mass was minimized as
considered before and an elastic constant of the order of 100
N/mm has been evaluated to give response time of the order
of a few hundreds of microseconds. Helical springs within
this order of elastic constant are very hard and too farge, and
so we have chosen a flat Belleville spring as the best one. The
deflection-load formula of this flat spring is''

" 2
F:——m—ﬁ;{——mn—(it»i—t?‘), (2)
(1 —oYMa* \2
where Fis the force, x is the deflection, ¢ is the spring thick-
ness, E is the Young’s modulus of the spring material, o is
the Poisson ratio, M = 0.77 in this case, and a is the spring
outer radius. This nonlinear deflection-load behavior is an-
other advantageous characteristic because if we operate the
spring in a high-force-gradient region we obtain higher ac-
celeration in 2 small displacement than with a linear one.
The valve operates with the spring in a preloaded condi-
tion and a piston travel in the order of 0.1 mm is sufficient for
gas flow through a I-mm-diam orifice. For smaller orifices
smaller travels are needed and narrower pulses are possible.

H. TEST APARATUS

A simple capacitor discharge circuit is used to energize
the coil. The coil inductance and the capacitor give the cur-
rent pulse width. The current pulse is not 2 sine-wave semi-
cycle because the coil inductance is current and piston posi-
tion dependent. The capacitor discharge is controlled by a
SCR gated by a pulse generator with frequency adjustment.
The capacitor is charged by a 0-150-V power supply
through a 4.7-8} resistor. The capacitance of the capacitor
and the number of coil turns has been varied to obtain a
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F1. 2. Typical valve pulse.

current pulse width sufficiently small to assure that the gas
pulse width is limited only by the mass-spring system. This
has been obtained with a 1.5-uF capacitor, a 300-turn cotl,
and 130-V power supply. This condition has been used to
carry out the performarnce test.

The valve and the detector were placed into a vacuom
chamber. The distance between the detector and the valve
orifice was about 2 cm. The detector was a pyroelectric one
made out of PVDF organic film with thickness of 28 um,
diameter of 3 mm, and aluminized surfaces. The back sur-
face was mounted in a very efficient heat sink, allowing for a
fast thermal response. The amplifier input impedance was
100 k€1 to extend the flat frequency response up to 1 MHz so
that the observed pulse width was not limited by the detec-
tor-amplifier response. The detector signal was observedina
Tectronics 150-MHz digital oscilloscope.

Nitrogen gas was used to pressurize the valve, and pres-
sures from 1 to 20 bars were used in the performance test.

il PERFORMANCE TEST

Figure 2 shows a 128-pulse average with a typical 104.5-
us FWHM width. The current pulse width (not shown ) was
90 us to obtain these gas pulses, and current pulses of less
than 50 us were tested without any change in the width of the
gas pulse, showing that the valve mass-spring system limited
the response. For current puises larger than 120 us, the gas
pulse follows the current pulse.

We considered 100 us FWHM the minimum character-
istic pulse width because the observed one is convoluted with
the time-of-flight distribution due to the spread in molecular
speeds.

To obtain Fig. 3 we used the oscilloscope’s envelop func-
tion, and a 256-pulse envelope was made. In the figure, there
is a 6% pulse amplitude variation. The base-line variation
indicates that the electrical noise is the main source of ampli-
tude variation. This indicates a very good pulse reproducibil-
ity and the high performance of the valve.

Pulsed gas vaive 1069




Downloaded 01 Sep 2004 to 130.75.103.225. Redistribution subj

AT 50us 293mV e EXTH
CH2 | 200mv~ T |
T 6.030%
_,_,_..___——___-{...a.a:ivw_.a.,...mu,__,q,_a--m-_.._.
R R e
T %
-.' - 3
I AN
T
+ Yol
T =

F1G. 3. Envelope of 256 pulses.

The results of the test with different pressures are shown
in Fig. 4. Two 128-pulse averages, for 1- and 20-bar back
pressures, are shown. The gain of the oscilloscope was ad-
justed to normalize the pulse amplitude for better compari-
son. The 1-bar pulse initiates slightly before and turns to
close slightly after the 20-bar one, indicating the influence of
a small additional force against the piston due to pressure.
This influence is small and the pulses have essentially the
same FWHM width.

Figure 5 is a demonstration of valve operation at 100-Hz
repetition rate. In a 2-ms scale, two successive pulses are
shown, and in a 50-us scale a 256-pulse average of the valve
operating at this frequency is shown. The higher amplitude
noise after each pulse is due to the valve opening acoustical
noise propagated to the detector through the structure of the
vacuum chamber. The 100-Hz frequency was limited by our
power supply and the capacitor-charging cycle. In principle,
higher frequencies are possible for the valve moving parts.
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F16. 4. Pulses with 1- and 20-bar back pressure.
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Fi6. 5. Pulses in 100-Hz repetition rate operation.

IV, DISCUSSION

The pulsed valve demonstrated here presents good char-
acteristics for use in pulsed molecular-beam experiments.
The very good pulse reproducibility is advantageous due to
the low error generated in pulse-to-pulse measurements on a
molecular beam. With the high repetition rate it is possible to
average scveral pulses in a short time giving a small signal-
to-noise ratio and a more dynamical experiment. The gas
flow limited only by the expansion orifice is of great interest
because high intensity molecular beams are possible to gen-
erate. The narrower pulse width of 100 us is limited by the
mechanical moving parts of the valve, and it is convenient
for most experiments in molecular-beam spectroscopy. For
experiments where narrower pulses are needed, it is possible
to impose a limitation on the piston travel to reduce the pulse
width, but with lower beam intensity. Also, it is possible to
reduce the piston mass in a new design with smailer valve
inner diameter, and it is possible to increase the spring force.
With these modifications we estimate that 40-50-us FWHM
pulse width is possible.

This valve is also suitable for use in other applications
where the above described characteristics are needed, with
the additional advantage of easily extending the pulse width
from the 100-¢s minimun, up to continuous operation. Gas
puffing in plasma assemblies is a very possible application.

® The value was manufactured by COPESP—Coordination for Special Pro-
grams--S.P., Brazil.
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