Chapter 6 Leak detection
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1. Leak rate

mbar X | X s1

A leak rate of 1 mbar X |’ Xst exists in a closed vessel having a
volume of 1 liter when the pressure increases by 1 mbar within one
second, or in case of an overpressure it decreases by 1 mbar within
one second.




atm x cm® x s+ kg x b1

Leak Rate mbarx 1xs1 cmixst* torrxlIsT* Paxmdxs air
1mbar x1%57 (He) 1 0,09 0.75 01 4.3 %103
Tatmxem® x s * = om?® (3TP) x 57! 1.01 1 0.76 0.101 4.3 %103
torrxlxst 133 1.3 1 0.133 5.7 x 103
Paxmix s 10 087 75 1 428 x 1072

1ky x 01 air 234 234 175 234 1




2. Leak Detection Methods

® \acuum Methods

The equipment to be tested Is evacuated. The pressure
ratio between inside and outside is 0:1.

® Overpressure Methods

The equipment to be tested Is pressurized with a search
gas or a search gas mixture. The pressure ratio between

Inside and outside 1s over 1:1.




General Notes

1. The lowest leak rates can only be measured by employing
the vacuum method, whereby the following applies: The
lower the leak rate, the higher the requirements are
concerning cleanness and ultimate vacuum.

If possible the test objects should be tested under the same
conditions that will be used in their final application, I.e.
parts for vacuum operation should be tested according to
the vacuum method and parts for overpressure operation
should be tested using the overpressure method.




2.1 Leak Testing Based on Vacuum Methods

1. Pressure Rise Method

a) shows the theoretical pressure rise
If there is only a leak.
shows the pressure rise due to
outgassing from the surfaces of the
test object.
shows the pressure rise as it occurs
In practice, where outgassing and
leak rate add. Time

Prassure

a) Pressure rise due to [eakage

by Pressure rise due fo outpassing from the chamber walls
i Bath effects combinad

Fresaue rise i 2 vauumchanber aTer siiching of the pump;
ioubie fog. plit




2. Local Leak Detection

{ i feak detection — Cuacuared fest pbyect

1 Test object 2 Leak detector 3 Search gas cylinder

4 VVacuum pump 5 Spray gun for search gas




3. Integral Method

integval mahod - Ceaqaar fest object

1 Test object 2 Leak detector 3 Search gas cylinder
4 Vacuum pump 5 Hood 6 Spray gun for search gas 7 Sniffer probe




2.2 Leak Testing Based on Overpressure
Methods

1. Pressure Drop Method
The test object is filled with a gas

determination of gross leaks

applying soap solutions or similar, leaks can be located.




. Local Leak Detection with Leak Detectors — Sniffing
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1 Test object 2 Leak detector 3 Search gas cylinder 7 Sniffer probe




3. Integral Method — Hood Test

if_',—_'_jl—t;[:l—IE]r:

.II !
I.I
|II

|II
II
2. [ Jwl|_ _ ——
T HELIL
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SEargh pas puerpressive i e fest pbyect

1 Test object 2 Leak detector 3 Search gas cylinder
5 Hood 7 Sniffer probe




4. Integral Method — VVacuum Hood Test

imegval mathpd — Search pAas puerpressve i e fest olyect

1 Test object 2 Leak detector 3 Search gas cylinder
4 VVacuum pump 5 Hood




5. Integral Method — Bombing-Test

This method is used for testing hermetically sealed components such as
transistors, 1C-packages or dry reed relays.

Operating principle:

1.The test objects are placed in a vessel which is pressurized with the search
gas - preferably helium.

2. At a fairly high search gas pressure and after a period of up to several
hours it Is tried to enrich the search gas inside leaky test objects.

3. After this, the test objects are transferred to a vacuum chamber

4. Their total leak rate is determined in the same way as in the vacuum hood
test.




3. Helium Leak Detectors

3.1. Applications:
a. Localization of leaks
b. Quantitative determination of the leak rate, i.e. the gas flow

through the leak.
A leak detector is therefore a helium flow meter.




3.2 Operating Principle
a. Evacuating the part which is to be tested.

b. Gas from the outside may enter through an existing leak
due to the pressure difference present.

c. If only helium is brought in front of the leak , this helium

flows through the leak and is pumped out by the leak detector.

d. The helium partial pressure present in the leak detector Is
measured by a sector mass spectrometer and is displayed as a
leak rate.

e. Leak rate. is usually given in terms of volume flow of the
helium (pV-flow).




3.3 Parameters of helium leak detector
- Measurement range (detection limits)

The lowest and the highest detectable leak rate
The sum of noise amplitude and zero drift per minute

» Response time.

Time it takes from spraying the test object with helium until a
measured value is displayed by the leak detector.

Response time for helium t, = 3V/S,, (for 95% of the final
value)

with V = Volume of the test object

S, = Volume flow rate for helium at the point of the test object




3.4 Operation mode

1. Main Flow Method
2. Counterflow Method
3. Partial Flow Method




Main Flow Method

Advantages:

Highest sensitivity, 1.e. low
detection limit

Short response time due to a high
volume flow rate at the inlet.

Disadvantage

a liquid nitrogen cold trap

search gas
L Q

:’umplﬂg spaa-:
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Displayed laak rate 0, ~ :':‘:"=

Main fowmahod




Counterflow Method

*The test object is connected to the Search gas
forevacuum  Q

*The entire gas flow (especially water o ma—w 1 p
vapor) does not contribute to the NG —
pressure increase in the mass e
spectrometer. ] E
*A cold trap is no longer required! Ea

l SEIEIl'El'I gas
A1 7 Sy '-quf pressure

Advantages: L[—‘“ {forevacuum)

No liquid nitrogen is required

High permissible inlet pressures (i.e. Displayed leak rate @, ~p = Sre
Ha Thd= W

pressure within the test object) K * S,

He
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Partial Flow Method

Higher leak rates
Operation at higher inlet pressures

At pressures above the normal inlet pressure
(main flow: above 102 mbar, counterflow:
above 10! mbar)

In the case of high helium leak rates,

The inlet valve is closed

The main flow is allowed to enter the partial
flow pump, whereas only a small part enters
the leak detector.

Thus the total pressure and the helium
pressure are dropped to values suitable for
operation of the leak detector.

Main flow or
ool nterfl o
leak detector

For L <Z<< 5 and L << 5 . the following applies:
Qs =¥ - Qgae
where y = !{ {Partial flow ratia)

L can be a fixed conductance (orifice)
ar a throltle valve

Fartial fiow method




