138 Kapitola 12. Vekuova méreni

12.5.1 Metody hleddani netésnosti v &astech systému
Metoda bublinova

Do zkoumané komory se vpusti plyn o vy8&im tlaku. Potom se mfisto
piredpokladané netésnosti pokryje vodnim roztokem mydla. V mistech
netésnosti se zatnou tvoiit snadno pozorovatelné bubliny. Neni-li pro-
vétovany systém velky, je moino hledani pretlakovou metodou provést
ponorenim do sklenéné vany s vodou. Metoda neni vhodna pro pi¥ipad
malych netésnosti.

Metoda voc_ﬁkového hiedace

Provadi se detekee stop vodiku pomocei palladiového ionizaéniho vakuo-
metru. Vodik se piivadi bud' v éisté formé nebo jako slozka tzv. formo-
vaciho plynu (20 % H,, 80 % N,). Palladiova anoda zahidt4 na teplotu
kolem 1100 [IX] (toho se doséhne jejim bombardovdnim elektrony) pro-
pousti fT,, ale ne jiné plyny a pary. Je-li systém netésny, pronika vodik
piepazkou a jeho pfitomnost ve vakuometru vede ke vzriastu iontového
proudu. Po skonéeni se H, z vakuometru odstrani difiizni vyvévou.

Metoda halogenniho hledace

Ve vakuovém systému, ktery byl predb&zné vyterpan, se vytvori pietlak
zavedenim plynu obsahujiciho chlor (arkton, freon). Unikéani tohoto plynu
netésnosti se zjistuje zvldstnim detektorem:

+ acetylenovd lampa —plamen Jampy ohiivd médenou desticku do &er-
veného zaru. Kdyz vnikne do trubié¢ky chlor netésnosti, plamen
se zbarvi zelené (vznika CuCl),

o halogenni detektor — dochdzi k velkému zvétdeni emise kladnych
iontd z povrchu horké platiny, jsou-li v okolnim prostiedi pary slou-
¢enin chloru.
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12.5.2 Metody hledani netésnosti ve vakuovych systé-
mech

Citlivost systému na impuls zkudebnihc plynu

Aby byl vakuovy systém pokud moZno citlivy na impuls zkusebniho plynu
(Jenz prichédzi do hledade pies netésnost), je nutno splnit nékteré pod-
minky.

AZ do okamfZiku vniknuti helia do vakuového systému je kolektorovy
proud hmotnostniho spektrometru velmi maly. Pfi pfemistovani trubidky
heliového hledaée v blizkosti netésnosti se v analyzatoru zvysi tlak (né-
sledkem vniku helia) a potom se opét rychle zmen§i (n4sledkem gerpaciho
procesu). Charakter vzristu a poklesu tlaku z4visi na poméru Cerpaci
rychlosti § k ¢erpanému objemu V. Aby spektrometr reagoval na zménu
tlaku, musi byt pomér () vétsi nez uréita zadana hodnota (naptiklad
100 [s~1)).

Zavislost odezvy hledage na jeho umisténi ve vakuovém systému

Zavisi na vzajemné poloze hledale, vyv8vy a nétesnosti. Kromé& toho
1 na €erpaci rychlosti vyvévy.

Pomoci vakuometri ve vakuovém systému

Pri ustéleném stavu v ¢erpaném vakuovém systému, v ndmiz je netés-
nost, udavaji vakuometry uréité konstantni tlaky (vy8si nez ofekavans),
pritemz tyto tlaky se mohou v riznych bodech systému ligit.

Obklopi-li se misto netésnosti zkudebnim plynem, zatne vnikatl do sys-
tému. Potom je-li pFitom citlivost vakuometru pro zkusebni plyn vétsi
neZz pro vzduch, nebo je-1i vodivost netésnosti pro zkusebni plyn vétsi nez
pro vzduch, dojde k vzrastu idajii vakuometru.

Necht existuje ve vakuovém systému o objemu V' oddéleném od vyvévy
netésnost, jejiz vodivost pro atmosféricky vzduch a zkuSebni plyn je C,,
a C,. Necht v okamZiku 7 = 0 (odstaveni vyvévy) je ve vakuovém sys-
témutlak po < p,. Pisobenim spadu tlakd p, —pg = p, proudi do systému
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proud vzduchu:
Vd
agc = A P == Guzpa:
ir .

coz m4 za nasledek vzrist tlaku podle vztahu:

C(dp® Chuz
P ~=Dpo- = Py - PaT;
dr / 4p Vv

tento jev zndzorniuje kifivka AB. V okamZiku vniknuti zkuSebniho plynu
do systému se zvétsi sklon kiivky vzrastu tlaku (ponévadi C, <« C..),
Jjak ukazuje isek ki¥ivky BC. Zmény charakteru vzristu tlaku je mozno
zjistit vakuometrem.

Jiskrovym vybojem

Ve sklenéném vakuovém systému se dd najit netésnost pomoci specidlni
vysokofrekvenéni elektrické zkouseéky. Principem je posunovanijeji elek-
trody s vysokym napétim po sténdch systému, v misté trhlinky vznikne
(ve vzdalenosti fadové 1 [cm|) povrchovy vyboj jdouci po skle od elektrody
k netésnosti, coZ se projevi intenzivnim éervenobylim zdfenim v kandlku
netésnosti, jiZ pronika vzduch.

Tato metoda se pouziva pii tlacich 1 [Pa] aZ 1 [kPal.
Pomoci doutnavého vyboje
Ve vybojové trubici pfipojené k vakuovému systému, v ném?z se hleda ne-

tésnost, se vybudi doutnavy vyboj plynu. Jsou-li v aparature zbytky vzdu-
chu, mé zareni naéervenalou barvu. PriloZime-li k mistu pfedpokladané
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netésnosti vatu namocenou do lihu, nebo rozptylime-li rozprasovaéem
Ith v jeji blizkosti, je mozno pozorovat zménu barvy zafeni v aparatuie
<pusobenou parami lihu prodlymi netésnostmi.

Nedostatkem télo metody je, ze kapaliny pronikaji nepatrnymi trhlin-
kami velmi pomalu a zmé&na barvy zareni probihé se zpozdénim éasto jiz
v dobhé, kdy se zkousi netésnosi v jiném misté aparatury, coz muze vésl
k mylnym vysledkiim. Proto je 1épe misto kapaliny pouZivat plyn (chlorid
uhli¢ity nebo i oxid uhli¢ity), ktery zafi nazelenale. V okamziku styku
plynu s mistem netésnosti se zmé&ni nadervenalé zdreni ve vybojové tru-
hici typické pro vzduch rychle v zelenavé. Pozorovani zmén barvy zaren{
je nejlépe provadst v tzv. prostoru kladného sloupce doutnavého vyboje.

Spektroskopickym pristrojem

Hlavnimi souédstmi zafizeni jsou: hmotnostni spektrometr 1 (obvykly
nebo zjednoduSeny s uzkym intervalem spektra molekulovych hmotnosti,
zasahujicich napfiklad pouze helium), soubor vyvév (olejové rotaéni 2, di-
fuzni olejova 3 se vzduchovym chlazenim), vakuova komora 5 chlazend
kapalnym dusikem a pomocna zatizeni (vakuovy zdsobnik 4, ventily, va-
kuometry, relé).

!
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Systém, v némz se hledaji netésnosti, se pfipojuje ke vstupu 6 do spektro-
metrického systému (ventily 8, 9 & 10 jsou uzavreny, kohout 7 je v poloze b)
a je v ném primdarni vakuum. Méreni tlaku tepelnym vakuometrem 11
umoznuje zjistit, zda neni v systému néjaka velkd netésnost. Po otofeni
kohoutu 7 do polohy a se vyéerpava vyvévou 2 leva éast vakuové apa-
ratury a po dosazeni primarniho vakua (méfeného vakuometrem 11)
se uvede do chodu difdzni vyvéva 3. Tlak v hlavni vakuové komote
5 se meéri lonizaénim vakuometrem 12. Kdyz tento tlak dostateéné po-
Klesne (~ 1072 [Pu’), sepne relé 13 a zapoji iontovy zdroj hmotnostniho
speklrometru. Potom se naplni vymrazovaéka v komoie 5 kapalnym dusi-
kem a po ovéreni tlaku vakuometrem 11 se otevie ventil 8. Déle se pomoci
zéallopky 14 reguluje ¢erpaci cychlost difdzni vyvévy, aby tlak ve vakuové
komote 5 byl 10 * az 10" # [Pa]. Po zapojeni hmotnostniho spekirometru
se vypusti do komory, v niz je provérovany objckt, zkusebni plyn (nejlépe
helium) a sleduji se idaje hmotnostniho spektrometru.

Pri provérovani tésnosti vakuové aparatury jako celku se otvor 6 uzavie
a aparatura se pripoji k ventilu 9. Kohout 10 slouzi k napugténi vzduchu
do aparatury.

Obvykle je zatizeni hledate do znaéného stupné automatizovano (napii-
klad ventily jsou ovldddny elektromagnety).
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Appendix B. Introduction to Leak Detection

B.1 Leak Testing—Why is it Needed?

Helium is a superior choice of tracer gas used to find leaks for a multitude of reasons.
Helium is:
Q Non-toxic
Inert and non-condensable
Normally not present in the atmosphere at more than trace amounts
Relatively inexpensive
Readily passes through leaks due to its small atomic size
Non-flammable

Available in various size cylinders

[ A I A N N

Available in purities appropriate for medical usage

The only molecule smaller than Helium (mass 4) is Hydrogen (mass 2), which is not inert.
Helium is much lighter than the next heavier inert molecule, Neon (mass 20) which is much
more expensive. Helium is present at a concentration of only 5 ppm in normal atmospheric
conditions.

B.2 Agilent's Helium Leak Detection Technologies

A Mass Spectrometer Leak Detector (MSLD) is a complete system for locating and/or
measuring the size of leaks into or out of a device or a container. This method of leak
detection is initiated when a tracer gas, helium, is introduced to a test part that is connected
to the MSLD system. The helium leaking from the test part diffuses through the system, its
partial pressure is measured, and results are displayed on a meter.

The MSLD operating principle consists of ionization of the gases in a vacuum and their
acceleration across a voltage drop and a magnetic field (Figure B-1). The helium ions are
separated and collected, and the resulting ion current is amplified and indicated on the
meter or display.

A mass spectrometer leak detector consists of the following components:

Q A spectrometer tuned to detect the mass of helium
Q A vacuum system to maintain adequately low pressure in the spectrometer

Q A mechanical pump(s) to evacuate the part to be tested

B-1
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QO Valves that enable the various stages of the leak detection cycle, from evacuation, to
test, to venting

Q Amplifier and readout instrumentation that monitors spectrometer output signal
Q Electrical power supplies and controls that sequence valve’s, protective circuits, etc.

QO  Fixturing that attaches the part to be leak-tested to the leak testing equipment

‘ To
Filament lonization Preamplifier
E Chamber
i Lighter ‘
Magnetic field deflects + 1915, N a— Collector
helium ions : l ¢ AN
\ i ® “—— Helium ions pass
L 3 Ve :% through slit and
» o are collected
oo
Heavier
lons

Figure B-1 Magnetic Separation Principle

Our SIPD family of products is also sensitive to helium and is based on a patented
technology called Selective lon Pump Detection (Figure B-2). The sensor technology
incorporates an ion pump connected to a quartz capillary tube and maintained under high
vacuum. This membrane is heated with a coiled platinum filament. Once heated, the
membrane becomes permeable to helium. As the partial pressure of helium in the ion pump
increases, so does the current draw of the ion pump. This current is proportional to the
pressure and is therefore representative of the helium at the test probe of the instrument.

A selective ion pump detector consists of the following:
Q Anion pump and controller
A permeable quartz capillary

A heater coil that surrounds the quartz capillary

Electronics to process the signal

0O 0 0O O

Display for access to leak rate and other unit functions
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Sampling
Pump

High
Vacuum ™

Figure B-2 Selective lon Pump Detector

B.3 Methods of Leak Testing

There are many different ways to leak test parts using helium as a tracer gas. In general, the
leak detection method is selected based on the actual working conditions of the part being
tested. It is recommended that during leak testing, the same pressure differential be
maintained and in the same direction as exists during the actual use of the part. For
example, a vacuum system is tested with a vacuum inside the chamber, while a compressed
air cylinder should be tested with a high pressure inside the cylinder.

There are two general concerns when leak testing. One is the location of leaks and the other
is the measurement of the total leakage rate of the part, as some leakage may be acceptable.
In many cases, parts may be first tested to determine if they pass an acceptable level, and if
not, the part may be taken off line and subjected to a second test with the intent of locating
the leak. Additionally, many parts may be tested in batches. If a batch fails, the individual
parts in that batch may then be tested separately to identify the leaking part(s).

B-3
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B.3.1 Vacuum Testing Method (Outside-in)

The part to be tested is evacuated with a separate pumping system for large volumes, or
with just the leak detector itself. When the appropriate cross over pressure has been
reached, the leak detector is valved-in or transfers into test and the part is tested using one of
the following methods:

B.3.1.1 Locating Leaks

To pinpoint the location of the leak(s) (but not measure the total leakage rate), helium is
administered to the suspected leak sites of the part using a spray probe with an adjustable
flow (Figure B-3).

Helium Spray
p Probe
N
"R Test Part
He

Figure B-3 Locating Leaks: Outside In

B.3.1.2 Measuring Leaks

To determine the total quantity of leakage (but not the number or location of leaks), the part
is connected to the leak detector and shrouded by a helium environment. This helium
environment can be contained in many methods ranging from a simple plastic bag to more
complex bell jar arrangements (Figure B-4).

Helium_
Envelope™ —®°

Figure B-4 Measuring Leaks: Outside In
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B.3.2 Pressure Testing Method (Inside-out)

In this technique, the part is pressurized with helium or a mixture of helium and air, and
tested by one of the following methods.

B.3.2.1 Measuring Leaks

To determine the total quantity of leakage (but not the number or location of leaks), the part
is pressurized with helium (or a mixture of helium and air or nitrogen). This can be done by
bombing or backfilling small hermetically sealed parts. Larger parts can be actively
pressurized using a hose or tubing to deliver the helium. The part is placed in a volume that
is then evacuated by the leak detector. All the helium escaping from the part is captured and
quantified (Figure B-5).

Test Part
(Helium Filled)

Vacuum
Chamber

Test Port

Figure B-5 Measuring Leaks: Inside Out

B.3.2.2 Locating Leaks

To pinpoint the location of the leak(s) (but not measure the total leakage), the likely potential
leak sites of the part are scanned using a Sniffer Probe connected to the inlet of the leak
detector (Figure B-6).

Flexible
e N/ Hose
R o \
Test Part T
Test

Probe

Figure B-6 Locating Leaks: Inside Out
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B.3.2.2.1 Accumulation Testing Method

This method can both locate and quantify leaks. Some type of shroud or hood is placed in
such a manner as to envelop a potential leak site. A certain amount of time is given to allow
leaking helium to accumulate in the shrouded area, increasing the helium concentration.
The leak detector is then valved-in to the shrouded volume. If many potential leak sites exist
in a manifold or if many parts are to be tested at the same time, they can be sequentially
valved-in to determine which site is leaking (Figure B-7).

Accumulation Device
(containing item under test)

/
(=]

<«——— Test Valve
(i.e., 1/a" solenoid operated)

™

Flow Control Device
(i.e., needle valve)

Flow Line
(i.e., 1/a" diameter Tygon, 5' long)

Figure B-7 Accumulation: Inside Out

B.3.3 System Leak Test Methods

Systems, like individual parts, should be tested with the same pressure differential and in the
same direction as in actual use. Therefore, systems that are under vacuum while in
operation should be leak tested under vacuum, while pressurized systems should be
charged with helium to a pressure similar to operational conditions when possible.

B.3.3.1 Vacuum Systems

B-6

In general, vacuum systems are tested with a portable leak detector. Typically the leak
detector is connected by means of a tee connected in between the foreline of the high
vacuum pump and the inlet of its backing pump. A system should be capable of
maintaining a foreline pressure low enough to operate the leak detector at this location.
Helium is supplied to potential leak site using a spray probe or bagging suspected areas. If a
leak exists, helium enters the system and rapidly diffuses through it. The leak detector
should respond within several seconds or less. Leak detector sensitivity is diminished in
systems with large backing pumps. If a system is using a cryopump as a high vacuum pump,
it must be valved off before helium is introduced as cryopumps have limited helium
pumping capacity (Figure B-8).
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Figure B-8 Vacuum System

B.3.3.2 Pressurized Systems

Many different types of pressurized systems also need to be leak-free. These systems can be

charged with helium or some mixture of helium and another gas such as nitrogen. If a

diluted helium mixture is used, the helium signal is diminished proportionally. For example,

if a mixture of 10% helium and 90% nitrogen is used, the signal reads 10% of the actual

value of the leak, or a decade lower. This may be acceptable in many cases as system leak
checking is usually to locate rather than quantify leaks. Once the system has been charged

with an appropriate amount of helium, leak checking can be performed by means of a
sniffer probe, or by bagging suspected leak sites so that leaking helium accumulates to a

detectable level.

B-7
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1.4 Front Panel Display and Controls

The front panel (Figure 1-13) consists of two hard buttons: TEST and VENT and an LCD
display to access the software control screens. All operator control and monitoring of results
are achieved via the resident software accessed using the Home screen. Table 1-3 on

page 1-22 lists the main sub-screens and their purpose. Operational discussions are in
Section 2 “Operating the Leak Detector” on page 2-1 and in Section 3 “Set-Up”.

Test Port
\. o
NI

—

? ':v‘f./:vl r"m.,/,,,,, D | S pl ay

Oatocren

TEST (Hard)
Button

Handle
(Recessed)

SEDNSANNSN

VENT (Hard)
Button

- [

* I
DT

[Sevial Number 1512134004 Model/Serial Number
Mode! Number VSMD30
Label

Figure 1-13 Front Panel Displays and Controls

The front panel display touch panel is calibrated at the factory and should not require
recalibration. If the touch panel buttons do not respond to pushes, recalibrate as follows:

1. Turn off the leak detector power.

2. Press and hold the center of the touch panel and restart power.

A blue screen appears.

3. Press the four cross hairs on the screen and accept the calibration.
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1.6 Rear Panel

The rear panel of the leak detector with an external mechanical pump (Model VS MR15,
MD15 or MD30+) and a wireless remote control option is shown in Figure 1-15.

—

)
(LAY

[ 2 S
[ = ey |
1 (A e ]

Figure 1-15 VS Series Rear Panel

@ Serial Connector A 9-pin male D-type connector to interface with an external PC via
RS-232 type communications protocol for system diagnostic or
control.

A detailed summary of information related to serial communication
is provided in Section A “Communications Protocol” on page A-1.

@ Cover Plate Access to expansion slot. This is not used when an optional /O
PCB is installed. A rear panel of the optional I/O PCB is shown in
Figure 1-16 on page 1-25.

® Power Entry Provides supply power, overcurrent and EMI protection for the leak
Module detector. The Power Entry Module consists of:

Q Power Input Connector - An IEC/EN60320/C20 standard,
three-prong grounded Inlet connector.

Q Power Switch (I/O) - A 20A rocker type Power
Switch/Thermal Circuit Breaker.

Q 20 A EMC line filter.

1-24
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1.3.3 Bench System Installations

Figure 1-10 and Figure 1-13 represent the process for installation of the bench system
version of the VS Series Leak Detector.

Figure 1-10 is a drawing of a Bench Mount Leak Detector with External DS302 Wet Rotary
Vane Pump, Model VS BR15 with individual components shown.

._\.
b

liiidl]
)

Figure 1-10 Bench Mount Leak Detector with External DS302 Wet Rotary Vane Pump, Model
VS BRI5

Figure 1-11 is a drawing of a Bench Mount Leak Detector with External TS620 Dry Scroll
Pump, Model VS BD30+ with individual components shown.*

NOTE Cut the 3" black tubing into two equal parts as shown.

Note orientation of
valve

Plastic tube

BD30+
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Figure 1-3 shows the outline drawing and physical dimensions of a Mobile Leak Detector
with External TS620 Dry Scroll Pump on a Cart, Model VS MD30+.

e a c@ 1[?34;,]2

588.9

Figure 1-3 Mobile Leak Detector with External TS620 Dry Scroll Pump on a Cart, Model VS
MD30+, Dimensions*

* Cart front panel not shown for clarity.

Figure 1-4 shows the outline drawing and physical dimensions of a Mobile Leak Detector
with External IDP-15 Dry Scroll Pump on a Cart, Model VS MD15.

e i L)
—\«[o
JEEL
a 3
10 1033

579.2 646.7

SHOWN WITH NOISE
PANEL REMOVED

Figure 1-4 Mobile Leak Detector with External IDP-15 Dry Scroll Pump on a Cart, Model VS
MD15, Dimensions*

* Cart front panel not shown for clarity.

1-5
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Table 3-1 Leak Detector Valve State Table - Single Mechanical Pump System

V4/V5
V2/V3 Midstage

V1 Contra-Flo Valve V6 V7 Vg* V8*
Leak Detector Foreline w Valve Fine Test Calibrated Vent Ballast Exhaust
Operating State Valve Test Mode Mode Leak Valve Valve Valve
Vent O C C C (@] C O
Rough C O C C C C C
Gross Leak Test C (@] C C C C N/A
Contra-Flow Test @ (@] C C C C O
Midstage Test @) C (@) C C C O
Hold @] C C C C G 0]
Sniff O (@] C C C C O
Read Std Leak O C C @] C C @]

O: Open C: Closed
Test Port
V7
¢——J=Test Port thermocouple
Calibrated Leak
V6 Spectrometer
V5
== —

V4 i 7T ) V1 Foreline
V2 Q@VE’: DR INI V2 Contraflow1

i “. S ‘.‘ V3 Contraflow2
e Q- % / V4 Midstage1
G V1 N V5 Midstage2
V8 V6 Cal Leak
V7 Vent
*V8 Exhaust

Figure 3-7 Leak Detector Vacuum System Diagram

* Normally open valve, powered closed during all operations. ** Model PD03, MD15,
BD15, MD30+ during the roughing sequence.

3-12
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Table 3-1 Leak Detector Valve State Table - Single Mechanical Pump System

V45
V2/IV3 Midstage
V1 Contra-Flo Valve V6 V7 V8* Vv8*
Leak Detector Foreline w Valve Fine Test Calibrated Vent Ballast Exhaust
Operating State Valve Test Mode Mode Leak Valve Valve Valve
Vent o C C C o C \ o
: |
Rough & & ¥ay C O C C C C ‘ C
Gross Leak Test C o C C ( C C ‘ N/A
£ | Contra-Flow Test o o C C ‘ C C ‘ o
Midstage Test /ine @) C @) C & c ' O
Hold O C c C l C ‘ C . O
Sniff o o c | ¢ | ¢ | ¢ [ o
5 R‘ead std Leak o C r C ‘ 0 ( £ T c ' 0
\ ¢ O: Open C: Closed
t |
Test Port
; V7
¢——C=Test Port thermocouple W <T )P } §
Calibrated Leak
V6 = | Spectrometer
V5 &

Contraflow2

V4 A Y V1 Foreline
V2 V3 Yl / V2 Contraflow1
'n‘ R ( V3

A — XR— ) V4 Midstage1
G2 VA -. — V5  Midstage2
*V8 . M V6 Cal Leak
V7 Vent
L /‘ L *\V8 Exhaust

Figure 3-7 Leak Detector Vacuum System Diagram

* Normally open valve, powered closed during all operations. ** Model PD03 during the
roughing sequence.
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D135-10-8808B - Description

Description

The ELD500 is a leak detector for helium or hydrogen. This instrument may be used to detect
the location and the size of leaks on objects under test in two different ways:

When the test sample has been evacuated first and is sprayed with helium on the outside. It

is required that a vacuum connection is provided between the ELD500 and the test sample
(vacuum mode).

or

when a helium overpressure is provided in the test sample and the test sample is searched
from the outside with a sniffer probe which is attached to the inlet port (sniffer mode).

Figure1 View of the ELD500

C5/1512/A

(Eowarps
ELD:
v
1. Inlet flange 2. Control panel

Design and function

The ELD500 basically is a helium leak detector for vacuum applications, that is, the part under
test is evacuated while the test is performed. The vacuum is achieved with a pumping system
that is part of the ELD500. In addition the vacuum can be generated by pumps which are set
up in parallel to the ELD500.

The ELD500 FLEX needs a fore vacuum pump, dry or wet version, to be connected because
this unit has no internal roughing pump. The connection (DN25 KF) is on the side or under the
bottom of the ELD500 FLEX (Figure 7).

Another operating mode of the ELD500 is the Sniffer mode which can only be used when a
sniffer line (see Sniffer mode) is hooked up.

Vacuum diagram ELD500 WET

The vacuum diagram below shows the major components inside the ELD500 WET.
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Figure 2 Vacuum diagram ELD500
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Wet Pump

1. MS: Mass Spectrometer, Helium sensor (180° magnetic field mass
spectrometer)

2. Turbo molecular pump (TMP, provides high vacuum conditions in the MS)
3. Pirani gauge P2 (fore vacuum pressure)

4. Fore pressure pump (provides the fore vacuum pressure for the TMP and
pumps down the parts under test)

5. Inlet Port
6. Pirani gauge P1 (inlet pressure)

V1 to V7: Electromagnetic Valves to control the gas flows

The mass spectrometer (MS) is mainly composed of the ion source with cathode, the
magnetic separator and the ion collector.

Gas molecules getting into the mass spectrometer are ionized by the ion source. These
positively charged particles are accelerated into the magnetic field following a circular path,
the radius of which depends on the mass-to-charge ratio of the ions. When mass 4 is selected
(Default setting) only helium ions can pass this filter and reach the ion collector where the
stream of the ions is measured as an electrical current. When selected another mass than 4,
only the corresponding ions can pass the filter.

For operation the mass spectrometer requires a vacuum level in the range of 1 x 10°* mbar
and lower. This pressure is provided by the turbo molecular pump which in turn is backed up
by a fore vacuum pump.

Besides maintaining the pressure in the mass spectrometer the pump system is used to
evacuate the test parts. It is made sure that the pressure in the mass spectrometer is low
enough under all circumstances. The valves V1, V2a, V2b, V4a control the gas flows when
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Vacuum method

For the purpose of leak detection on a test sample (vacuum method), the sample has to be
evacuated so that Helium or Hydrogen which is sprayed on to the outside, can enter through
any leaks due to the pressure differential for detection by the ELD500.

The test sample is evacuated - START button (Figure 16 item 10) - by the backing pump or the
external pump. In the case of larger test samples an additional external partial flow pump
with a corresponding linking valve may be connected in parallel as required.

Inlet valve V1 is opened so that the evacuation can take place. At the same time all other
valves are closed in order to prevent an unacceptable pressure increase in the mass
spectrometer.

In this context (valve V2a closed) the turbo molecular pump is operated without being
supported by the rotary vane pump. Since generally no gas is pumped out of the mass
spectrometer, p2 remains constant or increases only slowly.

The condition for the evacuation process described here is maintained until the inlet pressure
pl has dropped <15 mbar. Now the valves V2a and V2b are opened additionally. Possibly
present Helium or Hydrogen may now flow upstream against the pumping direction of the
turbo molecular pump into the mass spectrometer where it is detected. This measurement

mode is called GROSS. In this mode, leak rates down to 10" mbar I/s can be detected.
Since the rotary vane vacuum pump continues to evacuate the test sample via valves V2a,
V2b and V1 the inlet pressure p1 will continue to drop. When the pressure drops below p1 <
0.2 mbar, the ELD500 will switch to the FINE mode, that is, valve Vl1and V2b closes and valve

V4a opens so that the gas flow enters the turbo molecular pump at the side. This offer two
advantages:

1. A part of the high pumping speed of the turbo molecular pump remains available for
further evacuation of the test sample. The response time is inversely proportional to
pumping speed.).

2. The advantages offered by the counter flow principle can still be utilized

In the FINE mode the full sensitivity of the ELD500 is reached.

Because of the higher base pressure of the diaphragm pump the switching from GROSS to
FINE mode of the ELD500 DRY is done by the valve V4b. When the pressure drops below
3.5 mbar the valves V1 and V2b will be close and V4b opens step by step. When valve V4b is
open completely, pressure < 0.1 mbar, V4a will open also to get the maximum pumping
speed. In PRECISION mode the ELD500 DRY opens the valve V4b only, with the disadvantage
of low pumping speed but with the highest sensitivity.

When the leak detection process is stopped — STOP-button — all valves except valve V2a are
closed.

Valve V3 is opened during venting of the inlet or test sample.

Partial flow method

In the partial flow mode the test sample is additionally evacuated by an auxiliary pump. Using
the optional partial flow pump set offers to the user the following advantages (ELD500 and
ELD500 FLEX:

o faster response time
e entry into the measure mode already at an inlet pressure of 1000 mbar

o faster venting of large test objects
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Alternatively to a partial flow pump set an external auxiliary pump may also be connected via
a tee, this option is possible for the ELD500 dry and ELD500 FLEX also. However, in such a case
the ELD500 will not be able to make measurements already at an inlet pressure of

1000 mbar.

Sniffer mode

The ELD500 may simply be converted into a sniffer leak detector via the rugged sniffer line
(Cat. No. 252003).

For this the KF flange of the sniffer line is connected to the inlet flange (Figure 1 item 1) and
the sniffer mode is selected through menu mode. After pressing START, the inlet valve V1
(Figure 2) opens. The sniffer lines have been designed in such a way that the ELD500 is
operated in the FINE mode. If the fore vacuum pressure P2 increases over 0.2 mbar
respectively 0.1 mbar a warning sign and audio alarm comes up in the display.

In the measurement mode the helium present in the ambient air is now indicated as the leak
rate (about 2 x 10 mbar I/s). Smaller leaks may be detected by pressing the ZERO-button. In
sniffer mode the smallest detectable leak rate is < 1 x 107/ mbar I/s.

Supplied equipment

The ELD500 will be shipped in a special cardboard packed separately in a plastic foil as
protection against dust.

Supplied equipment includes:
e Leak Detector ELD500
e Setof fuses
e Power cord
e Folder with documents (Operating instructions, Spare part list)
e 2 L-type screwed connections (hose connections)
e 1hose nozzle
e Blank flange DN 25 KF
e Clamping ring DN 25 KF

e Centering ring DN 25 KF
Technical data

Technical data ELD500 WET

Physical data

Table 1 ELDS500 WET physical data

Maximum inlet pressure 15 mbar

Minimum detectable Helium leak rates

- in vacuum mode <5 x 1012 mbar I/s
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- in sniffer mode

<1x 107 mbar I/s

Minimum detectable Hydrogen leak rates

- in vacuum mode

<1 x 108 mbar I/s

- in sniffer mode

<1x 107 mbarl/s

Maximum Helium leak rate which can be

displayed 0.1 mbar /s
Measurement range 12 decades
Time constant of the leak rate signal s
(blanked off, 63% of the final value)
Pumping speed (Helium) at the inlet

- GROSS mode 0.41/s

- FINE mode >2.51/s
Detectable masses 2,3and 4

Mass spectrometer

180° magnetic sector field

lon source 2 filaments; Iridium/Yttrium-oxide
Inlet port DN 25 KF
Run-up time (after starting) <2 min

To get down to the minimum detected leak rate range some conditions must be fulfilled:

e ELD500 WET has to run at least 20 minutes.

e Ambient conditions must be stable (temperature, no vibration/accelerations).

e The part under test has been evacuated long enough without using the zero function

(background is no longer decreasing).

e ZERO must be active,

Electrical data
Table 2 ELD500 WET electrical data

Other data

Power supply

230V a.c., +/- 5%, 50/60 Hz

115V a.c., +/- 5%, 60 Hz

100V a.c., +/- 5%, 50/60 Hz

Power consumption 420 VA

Type of protection IP40
Table 3 ELD500 WET other data

Valves Solenoid

Dimensions (L x W x H) (mm)

495 x 456 x 314

Weight (kg)

40.0

Noise level (dB (A))

<54
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UL 1000:

550 - 000A
550 - 001A
550 - 002A

UL 1000 Fab:
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from software version V5.17
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Besides maintaining the pressure in the mass spectrometer the pump system is used
to evacuate the test parts. It is made sure that the pressure in the mass spectrometer
is low enough under all circumstances. The valves V1a, V1b, V2, V4a, V4b control
the gas flows when measuring. Valves V5 (only UL1000), V6, and V8 are used to
vent the system and the Turbo pump. Valve V7 opens and closes the internal test
leak during calibration.

With the pressure in the test part being lower than ambient pressure sprayed helium
can penetrate into the part in case of a leakage. As soon as the pressure conditions
allow it one of the valves to the TMP opens. Now Helium can penetrate into the mass
spectrometer contrary to the pumping direction of the TMP.

See Chapter 4.3 Working Modes for details.

4.2.2 Control Panel

The Control Panel Fig. 4-2/7 contains a liquid chrystal display (LC Display), the
START, STOP, ZERO and MENU buttons and also eight Soft Keys for the different
menus and inputs.

The control panel itself is rotable.

A WN -

Fig. 4-2: Control Panel

Pos. Description Pos. Description

1 LC Display 8 Soft Key no. 5
2 Soft Key no. 1 9 Soft Key no. 6
3 Soft Key no. 2 10  Soft Key no. 7
4 Soft Key no. 3 11 Soft Key no. 8
5 Soft Key no. 4 12 MENU Button
6 START Button 13 STOP Button
7 Control Panel 14  ZERO Button
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4.2.1 Vacuum System

The vacuum diagram below shows the major components inside the UL1000 and
UL1000 Fab:

V1 a*

TL

®p1 V7

MS

V6
V1b

V5

Fig. 4-1: Vacuum Diagramm UL1000 and UL1000 Fab

Pos.

1

2
3
4

5

Description

MS: Mass Spectrometer, Helium sensor (180° magnetic field mass
spectrometer)

Turbomolecular Pump (TMP, provides high vacumm conditions in the MS)
V1a ... V8: Electromagnetic Valves to control the gas flows

Scroll pump (provides the foreline pressure for the TMP und pumps down the
parts under test)

Inlet Port

The mass spectrometer is mainly composed of the ion source, the magnetic
separator and the ion collector.

Gas molecules getting into the mass spectrometer are ionized by the ion source.
These positively charged particles are accelerated into the magnetic field following a
circular path, the radius of which depends on the mass-to-charge ratio of the ions.
Only helium ions can pass this filter and reach the ion collector where the stream of
the ions is measured as a electrical current.

For operation the mass spectrometer requires a vacuum level in the range of
1x10™* mbar and lower. This pressure is provided by the turbomolecular pump which
in turn is backed up by a scroll pump.
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4.3 Working Modes

4.3.1 Vacuum Mode
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As mentioned (Please refer to Chapter 4.2.1 Vacuum System) the sample has to be
evacuated to allow Helium which is sprayed on the outside to enter through any leaks
due to the pressure difference.

When pressing the START Button Valves V1a and V1b open and the sample is
pumped down by the roughing pump (UL1000) or scroll pump (UL1000 Fab). At the
same time valve V2 is closed to avoid an unacceptable pressure increase in the turbo
pump and the mass spectrometer. With valve V2 being closed the turbomolecular
pump is operated without being backed up by the scroll pump. Since the mass
spectrometer is already under vacuum no further gas is pumped. Thus the pressure
p» remains constant or increases only slowly.

If the pressure p, even though increases (e.g because of a very long pumping down
process), then the evacuation will be broken (V1a and V1b closed) at p, > 10 mbar
and V2 will open shortly to restore an appropriate foreline (p, < 1 mbar).

The following diagrams show the gas flow during evacuation and during the modes
GROSS, FINE and ULTRA.

Fig. 4-6: left: Evacuation (no measurement), right: GROSS Mode

The condition for the evacuation process described is maintained until the inlet
pressure p4 has dropped below 15 mbar. Now valve V2 opens. Possibly present
helium may now flow upstream against the pumping direction of the turbo molecular
pump into the mass spectrometer where it is detected. This mode is called GROSS,
the detection limit is 1x10° mbar I/s.
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Since the scroll pump continues to evacuate the test sample the inlet pressure p4 will
continue to drop. Below 2 mbar the UL1000 and UL1000 Fab will switch to FINE
mode, i.e. V4a will open and V1b will close. The gas stream enters the turbo pump
at an intermediate level. The sensitivity of the system now is higher, the detection
limit is 1x10710 mbar Is.

Fig. 4-7: left: FINE Mode, right: ULTRA Mode

Now the lower part of the turbo pump further evacuates the sample and after the
pressure p4 has reduced below 0.4 mbar the UL1000 and UL1000 Fab switches into
ULTRA mode, i.e. V1a and V4a close and V4b opens. The entrance into the turbo
pump is on a higher level now. The pumping speed at the inlet port is now 2.5 I/s, the
detection limit is 5%1072 mbar Is.

Tip A special set up of the UL1000 and UL1000 Fab stopps the autoranging
procedure as described above. With the mode FINE ONLY (Please refer to
Chapter 6.3 Mode) the unit will stay in FINE Mode Fig. 4-7 (left) regardless
the inlet pressure. The valve V1a is closed.

4.3.2 Snhiffer Mode

In sniff mode a sniffer line (preferably the INFICON standard sniffer line 14005) is
connected to the inlet port. When pressing the START Button the system starts to
pump air through the sniffer line. Due to the constant gas flow through the sniffer line
the software will range directly into FINE mode and stay there. The inlet pressure will
not drop further down. By measuring the inlet pressure the system software makes
sure that the flow through the sniffer line is at the right level. Otherwise warning
messages are generated. The detection limit in sniff mode is <1x10°7 mbar I/s.

INFICON's sniffersystem QT100 may also be used to sniff. Since the QT100
provides a lower inlet pressure it is recommended to keep the system in vacuum
mode to avoid a wrong generation of pressure warnings. The machine factor has to
be adjusted to value 400.
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4.3.3 Auto Leak Test Mode

In this mode the test of hermetically sealed testing objects can be performed
automatically. By use of the optional test chamber TC1000 this test mode starts
automatically when closing the chamber lid. Fast test results within seconds are
achieved by using the internal test leak of the UL1000 or UL1000 Fab for a dynamic
calibration, matched to the required test cycle. Leak rates in the 10-9 mbar I/s range
can be detected within 5 seconds.
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Auto zero
Measurement and automatic adaptation to the helium background.

This function determines the internal ZERO level of the unit which is then deducted
from the currently measured leak rate signal. This function is enabled by pressing
the Start key provided the UL1000 or UL1000 Fab have run at least 20 s in "Standby"
mode or in "Ventilation" mode.

If the before suppressed helium background further decreases and only the display
limit appears, the ZERO-level will be adjusted automatically

Menu

The menu allows the user to program the UL1000 and UL1000 Fab according to his
requirements. The menu has a tree architecture.

Default
Status of the UL1000 and UL1000 Fab when supplied by the factory.

GROSsS

GROSS is a measurement mode which allows high inlet pressure (1 to 15 mbar).
The smallest detectable leak rate is 1x10® mbar Is.

FINE

FINE is the medium measurement mode with inlet pressure between 2 and 0,4 mbar.
Detection limit is 1x1071% mbar I/s.

ULTRA

ULTRA is the most sensitive measuring range with inlet pressures below 0,4 mbar.
The minimum detectable leak rate is 5x10°12 mbar Is.

Foreline pressure

Pressure in the foreline between Turbo pump and scroll pump.

Minimum detectable leak rate
The smallest leak rate the UL1000 and UL1000 Fab is able to detect
(< 5x10°12 mbar Is).

Internal helium background

The existing helium partial pressure in the measurement system. The level of the
internal helium background is measured in the Standby mode and subtracted from
the measured signal.

Measure Measurement mode
The UL1000 and UL1000 Fab measures the leak rate of the test sample.
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