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0 Introduction

For evaluation of a spacecraft
quality, leak tightness of the

spacecraft is a key factor ,

which is directly related with
operation in the normal
trajectory and spacecraft launch.
Even a tiny loophole may cause
great losses. Therefore, test to
the leak tightness performance
should be well addressed during
spacecraft research.! At present,
there are following approaches
regarding to leak tightness of a
spacecraft: helium hood
method, helium mass
spectrometer vacuum method,
non-vacuum leakage detection
method, sniffing probe leakage
detection method, and among
others, depending on different

application scenarios. For
example: for the aerospace
electronic components, the

helium hood method is mainly
adopted for leak tightness test;
for the aerospace components
and assemblies, helium mass
spectrometer vacuum method
would be used. The test method
may vary, but they share the
same helium mass
spectrometer leakage detector,
which is the critical equipment
in leak  tightness  check,
specifically for the study on the
linearity of input and output of
the detector.

However, few scholars have
conducted quantitative analysis
on linearity of the leak detector
so far. Although some
researchers conducted research
on linearity of the leak detector,
they mainly analyzed helium
concentration in the leak
detector, and changed value
output of leak detector by
changing partial pressure of

helium in the mass spectrum
chamber.? In contrast to the
outdated method, a new
approach will be discussed in
the paper to facilitate the
research into linearity between
inlet pressure and output
reading in the leak detector.

1. Theoretical analysis on
the test methodology

The main operation principle of
the helium mass spectrometer
leak detector is to ionize some
mixed gas in the mass spectrum
chamber, so as to generate a
kind of ion with energy. These
ions have different mass-to-
charge ratios, therefore, they
have different moving
trajectories in the analyzer
before separation.? Then helium
ions shall be independently
collected until it is possible to
magnifying them for display.
The general helium mass
spectrometer leak detector has
two specifications, namely DC
helium mass spectrometer leak
detector and most widely used
counter current mass
spectrometer leak detector. The
operational principle of such
leak detector is based on the
compression ratio between the
bled air rate and vacuum pump.
If the related gas mass is very
small, the corresponding
compression ratio is also
relatively small. Meanwhile,
there will be more and more
reverse diffusion molecules in
the gas. Once these reverse
diffusion molecules are spread
to the mass spectrum chamber,
the output value will appear on
the leak detector. The paper
mainly focuses on Phoenix L300
counter current helium mass
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spectrometer leak detector from
Leybold Company. (which finds its
wide application in various
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environments and modes for its
portable cutting edge design and
proven quality.)

Refer to Figure 1 for operational
principle of the leak detector. It
mainly conducts leakage detection
through Gross mode. Suppose that
the inlet pressure of the leak

detector is Pl>20Pa (the threshold
between two motion modes of Fine
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Figure 1 Schematic diagram of L300 helium mass spectrometer leak detector
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If it is not in the vacuum, leakage
detection in Gross mode shall be
adopted due to higher pressure. If
the mixed gas flow in the leak

detector is Q= Plsp (1), where Q
represents the total flow of the leak

detector; Sp represents  the
pumping speed at the inlet of the
leak detector. The mixed gas with

represents that the helium flow
entering the leak detector is

Gre . Where,
GHe =Q7/ = plspy (2)

Meanwhile, the pumping speed
in the inlet of the leak detector
is mainly provided by the
mechanical pump. Existence of
the molecular pump in the leak

related helium concentration 7 detector mainly changes
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vacuum  degree in  mass
spectrum chamber to the level
at work. If the pumping speed in
the mechanical pump is larger
than 30Pa inlet pressure, its
speed will be constant.” For
variation relationship diagram of
the pumping speed and inlet
pressure of the rotary vane
pump with model of D2.5E,
shown as Figure 2.

Figure 2 Relationship diagram of inlet pressure and pumping speed of the rotary vane pump
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Therefore, if the

R >30Pa, the pumping speed of
the mechanical pump is maintained
unchanged with continuous change
in the inlet pressure, the result
value obtained from Formula (2) will
be constant. Relationship between
the output value of the leak
detector and the incoming helium
amount can be expressed as I=k

G (3). Where, | am the value
output by the leak detector; k is the
value of linear performance in the
leak detector. Combine Formula (2)

P

inlet pressure

with Formula (3) to obtain I=k

S" 4 (4). With regard to other

mixed gases in helium, If a= kSpy'

then I= ) (5).

Therefore, when L300 leak detector
is used, suppose that the
concentration of mixed gas in the
leak detector is constant, if the inlet
pressure is larger than 30pa, there
will be proportional relationship
between the inlet pressure of leak

detector R and the output value |
of the leak detector.® That is to say,
if Formula (5) is reasonable, then
Formula (3) will be reasonable.

2. Method verification

The paper will verify the correctness
of Formula (5) through a series of
tests®. First, a test will be conducted
in a relatively closed environment
with slow air flow and constant
temperature, such as in the tooling
room for test, general assembly and
experiment of the spacecraft.

4.0

The output value will be checked by
adjusting the inlet pressure of the
leak detector. The inlet and outlet
pressure values in the leak detector
are then compared, suppose that
the helium volume ratio in the
atmosphere is 5x10° and other
mixed gases are uniformly
distributed. To ensure the constant
helium concentration in the air, a
closed space with slow air flow shall
be needed to guarantee the higher
accurate test results. A test under
Cross mode of leak detector has
been conducted, and the
relationship diagram between the
output value | and P1 inlet pressure
is as shown in Figure 3.
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Figure 3 Relationship curve between P; and |
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It can be seen from Figure 3 that the
relationship between the output
value and inlet pressure of the leak
detector is linear. Moreover, the
linear fitting coefficient value R (it is
the variation percentage between
independent variable and
dependent variable. The value
closer to 1, the better the linearity)
is very close to 1.

Therefore, L300 leak detector in
Gross mode has good linearity. It
can be observed from Figure 3 that
L300 leak detector in Gross mode
has good linearity in the range from
1x10-7 to 1x10-6Pa m3/s. It is the
exact the range we focus.®1°

Firstly, it has to be pointed out that
the data obtained by each

experimenter has good repeatability.

Therefore, the related curve
diagram has not been given here.
Meanwhile, it also indicates a
common experiment phenomenon.
Moreover, a values obtained by
each experimenter at different
times are relatively close, which
means that the value is constant.
Refer to the value in Table 1, it has
been proven through tests the
accuracy of Formula (5).

s
Time ¢ valu;e)/(m S val'ﬁ;//e(rr?]g-es‘l) Error
1 3.13x10° -3.69%
2 3.31x10° 9 1.85%
3 3.29X10° 3.25x10 1.23%
4 3.28%x10° 1.00%
5 3.24X10° -0.31%
Table 1 a values and errors at different
times

It can be obtained from Formula (3)
that if the detected gas
concentration is constant, a value is
related with the value of the leak
detector only. Therefore, it can be
concluded that the essential
property of the leak detector can be
expressed by value a.

3. Conclusion

The theoretical analysis regarding
leak detector has been conducted in
the paper, together with the
corresponding experiment, and
linear relationship between the
output value of the leak detector
and the inlet pressure is analyzed in
details, which has modified the
previous method to detect gas
concentration by detecting linear
relationship of the leak detector.
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