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FORBIORD
Fram time fo time engj.rieers and te;:/hnicians» nee-d to use mass-spe‘ctrc.)-
meter-type helium leaksdetectors. There is very little data publ.ished.-
on: ihe principleé, and on the use of such apparatus. These m;'te's a.re a N
collection of information that has been put togé‘t.her' with the hope that:
the océa.-sional user of leak detectors will be able to easily use them.
These notes come from letters and 'phéne;é.lks_with Consolidated
. Elec’fhmdynamics engineers, -and from tﬁe‘ir instructlonma.nua.ls GENERAL
C MNETHODS OF LEAK DEI‘ECTIOI\I is largely based an Vacuum-Electronic Eng‘.njeer'-
; ‘ing's operation manual. Same data came from A. 'Nerken’s,- EXPERIMENTS
OF FLOW OF GASES THROUGH IEAKS. Much help was received from - H. E.
Banta, R. R. Feezell, N. N. Ia.n.dé.y, a.nd J. G. Norgan., |
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The contents of these notes are divided into ten (10) chapters:

‘Units of Measurement

Definitions

Sensitivity of Iea.k Detectors
Standard Leaks e
Calibrated Leaks

Gemeral Methods of Leak Detection
Measu:ing Leakage

Operation of the CEC 24102, 24110

‘Operation of the Modified GE - see MIP-209, Rev. 1.

"Operation of Electronic Leak Detectors”,
ORGDP Engineering and Methods Department

Opera.tion of the Veeco MS-9 - see ma.nufactu.rers
Operation & Maintenance Manual

‘Page




UNITS OF MEASUREMENT

Pressure Units

1 micron = 1 X 1.0'6 meters of mercury = 1 X lO"3 millimeters of mercury'

" 1 atmosphere = 1.7 psia = 760 mm of mercury = 7.6 X 10° microns

- ‘Volume Units

1 cubic foot = 28, 320 cubic centimeters
1 volume at 60F = 460 + 60 x 1 volume at OC
"~ L&0 + 32

. Pressure-Volume Units are usually micron cubic feet or standard cubic
centimeters.. A micron cubic foot is the quantity of gas that will raise
the pressure one micron in a one cubic foot volume when the temperature

" is 60F. A micron of mercury is one one-millionth of a meter of mercury,
or one ome-thousandth of & ‘millimeter of mercury. A standard cubic centi-
meter is the volume in one cc at one atmosphere pressure at 32F.

1 std ce = 7.6X10° x 520 = 28,5 micron cubic feet
j 28,320 L9Z2 . :

‘l micron cubic.foot = 28,320 X l|.92 0.0351 std cc
" 7.6X10° 520 - 4

Lea.k flow-rates are usuall;y measured in standard cc per second, or in
" micron-cubic fee‘b per hour. ‘

1 std cc per sec = 3600 X 28 50 = 102,000 micron cubic feet per hour
1 micron cu ft per hr = 0.0351 = 975 X 10™° std cc per sec
3600

1 std cc per sec = 760 micron liters per sec .

1 micron liter per sec = 127 micron cubic feet per hour
| ‘1 micron liter per sec = 0.0013 std cc per sec’
| . 1 micron cu ft per hour = 0.0079 micron liter per sec
\

If weight units are wanted - -

1 = 3.7 X 1072 1b mols

'1 micron cu ft
’ 359 X 7.6 X 10’

1 micron cu £t = 282320 ‘ 5-1,3)(:1_06g:t-enﬁimols :
: 22,400 XT. 6 X 10 - '

1l std ce = 1 8 -8
; : = X 10
i 287350 X 359 = 9. 3 1b mols

) 1 std cc = 1 - 4,46 =5 o
| = 4, X 10 gram mols
| 22,400 ~ . .
{
|
|
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' The partial press. of N

These notes are baged on He].tum leak-~detechors such as Censalidated
namics Corporation Model 24102, or Gemerel Elgctric, or Veeco

“"90 Calculations for, apd the use of other. ma.ss-»spectmeher-type
leak de‘bec‘lsars will be similam .

The masswspec’smeter anissian wnit is called the sowrce in these
notes.

- The meaz;ing 6éta.ﬁdivisi¢n must; be spelledwout to permit specification

~ of semsitivity, and to let leak-rate messurements be made on & wniform

bagis. Different spectrometers have different meter scales. To compare

. performance and to cmn;pare leaks,, the same meter. sca.].e is assumed for
“all inst:mments. . : : A

" One meter-scale DIVISION s 1/100 of full scale when using the el
range. At full scale, using the X10, X30, X100 and X300 multipliers, the
meter will indicate 1000, 3000, 10,0009 and 30,000 X1 mngendivlsions .

‘ respec'bively °

'I'he term PARI’IAL PRESSURE of a gas. means the pressure caused by a
gas, elther by 1tself, or with other gmses. When a second gas is not
present, the partial pressure is the same as the total pressure. To
illustrate Dalton's law of partial pressure = alr is 784 nitrogen, 21%.

oxygen.and 1% other @seso The sea level atznospheric -epressure is

T60. m of memury -

The pja,rtlal press. of 0, is - .21 x T60 ® 162
The partial press. of N, is .T8 x . 760 =.590
The partial press. of o ers is .0l x 7608 8

~ The tota.l pressure is « o : 760 mm '

A'b 12,000 feet altituie, the total atmospheric pressure is ’483 mn ‘

~of mercuryo

The partial press. .of O, is o ,.,21 x 1&83' =102
2 .78 x 483 & 376
The partial press. of o%hers is .01 x k93 @ %
The total pressure is - ' nma

These examples show tha:l-: partial pressure changes directly as total
pressure when the camposition of the gas mixture stays the same. Now,
if the partial pressure of one of the gases in the mixture is to be kept
the same while the total: pressure is ch,za,nged.‘9 'bhen the ccmposition must

. cha.nge.,

The tota.l a.tmospher:.c pressure at 46,150 feet altitude is 102 mm

' of mexcury. If a person breathes pure oxygen at 46,150 feet altitude,

the oxygen partial pressure is the same as the tota.l pressure. This is

- equivalert to breathing air at 12,000 feet a.ltitude, where the oxygen
' pa.r’tial pressure is 102 m of mercury.

Another example « Helium partla.l pressure :Ls 5 x lO"'7 micmnso If

"no other gas is present, the system total pressure is also 5 x 10 T microns.

If another gas is present, a.nd the total pressure is 0.2 microns - which




is equal to 2,0004000 X 10 créné, then the partial pregsure of the
other gas is 2,ooo,ooo x 1071 = 5 x 10=T 21,999,995 X 10~/ » 0.199,995
microns. o '

- The SQURCE PRESSURE indicator is & meter that measures the electric
current through a Phillips ionization gage or through an ionization gage.
The meter dial is calibrated to read the pressure when the source’ .and the
gage contain dry air, no helium. When the source and the gage contain
only helium, the gotusl pressure in the source is four to six times the
meter scale reading. For example & if the source pressure reads 0.2
microns and if air cnly goes into the leak detector, then the actusl
presswre ls 0.2 microns plus or minus 10%. If the source pressure
reads 0.2 microns, and if helium only-goes into the source, then the
actual pressure is probably 0.8 to 1.2 microns. If a half air and
half helium goes into a leak detector, the actual source pressure will
probably be 0.4 to 0.6 microns, though the meter reads 0.2 microns.
Normally, the meter reading is used as is. No correction is made for
gas composition in the source. ' .

Thexmocouple vacuum gages, hot<wire vacuum gages, ionization vacuum-
gages, all give the true pressure only when measuring the pressure of
the gas for which they wére calibrated.- When other gases are present,
they do not measure pressure accurately. Mcleod gage do show the true
ga.s pressure if no condensible vepors are present.




SENSITIVITY OF ILEAK DETECTORS

lesk detechor sensitivity is specified in two ways - 1 = the smallest
. detectable helium concentration in air at a specified source pressure.
2 - The smallest pure helium leak which can be detected at a specif’ied
source pressure, and with the specified test e:on.cl:t.‘bio:o.s° :

So far as is known, there is no mathematical correl’ation ‘between
these two specifications. The lesk detector ma.nufacturer gives equivalent
. values based on tés'bs, and on experience.

Actuaslly, mass-spectrometer-type lesk detectors measure the partial
pressure of helium 1u the source. The smallest helium partial pressure
that will give a readable cutput is the basic yardstick for indicating
the sensitivity of the instrumept. This is called the basic sensitivity.

The helium partial-pressure in the socurce can be changed by changing
the total pressvre in the source. Halve the total pressure and the
partial pressure is halved. This drops the ability to find leaks by one-
half. Double the total pressure and thus the helium partisl-pressure,
and the instruments ability to detect leaks; doubles.

These principles can be explained by using the CEC 24-102 leak de-
tector as an example. The specifications for the 24-102 are -

A. It will give a :E’lvemd.:.vn,sion indication :f'or one part of helium
. : in 2,000,000 parts of air when the source total pressure is
0.2 microns. .

B. It will give a five-~division indication fopr a pure heliun
leak of 1 x 1077 std cc per sec -~ 1 x 107" micron CFH, when
no air lesks into the system. :

Noise in amplifiers and such like cause a *two to two and one-half
division meter indication. The swallest readable signal above nolse is
about two to two and one-half divisions, when the X1 range is used.
When the X10 rasnge is used, the smallest readable signal is about 2 x
10 = 20 divisions. 0+her ra..ges correspond ‘to this.

- If the proportion of helium to the air in the source is ome to
2,000,000, axd the total pressure is 0.2 migroms, the partial pressure
of helium is 0.2  =1x lO“7 m,:i,csrons° If the source total
‘ 2,000,000
.pressure is cut in balf, the proporticm of helium to air must double to
keep the helium partial-pressure at the same value, 0.1 o=
- S 1,000,000 ,
1 x 10”! microns. If the source total pressure is doubled, the proporticn
of helium to air must be cut in half to keep the helium partial - pressure
. -at the same value. 0.4 ~1lx 10~7 microus. In all these cases,
' Ti 200,000 -
the helium partlal«pressure is identical. The leak detector will indicate
five divisicns even though the ability to detect leaks has changed from

]
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one part helium iz 1,000,000 parts cf air, %o cpe part in %,000,000.

The effect of pressure on the leak detector reading is lipear only
in a perfect instrument with no background ncise. Real-life instruments
are not linear, nor do they have zexsc background.

The relationship of basic sensitiviiy to specification A is a direct
relationship. The instrument semsitivity given in specification A depemds
only on the source , and on the electronics. The rate of flow of the -
heliw-air mixture thMugh the Boukwe. has no effect on the instrument
as long as the source: pressure is at the specified value.

Specification B can be cbtained by messuring the smallest helium
leak rate that will give a readable cutput when the throttle valve is
wide open and when no air leaks in. In this case, the vacuum system,
as well as the semsitivity of the source and the electronics must be
considersd. The helium flow through the source can be large or small,
depending on how much ges the interwal vacuum pump will pump out. If
a high-capacity internal vacuum pump is used %o evacuste the souwrce, the
smallest readable signal will indicate a lsrge helium flow because the
flow through the source is large. If a low-capacity interral vacuum
pump is used to evacuate the source, the smallest readable signal will
indicate a very small helium flow because the flow through the source
is smail. .

The smallest detectable leak is also affected by the tightness of
the system. If air leaks into the system aund goes through the source along
with the helium from the leak, the beliwm partisl-pressure will be lower
because at the specified source pressure indicationy -

S(:nwn*e total-pressure - air partisl-pressurs = helium psrtial pressure.

When the helium partial-pressure is reduced, the lesk detector reading
is lower. .

To sur up ~ leak detector semsitivity to heliwm in air depends on
the helium partial-pressure in the source, on source sansitivity, and
on the electronics. The smallest detectable helium leak depemds on the
helium partisl-pressure, on the source semsitivity, on the electronics,
or the internal vacuum purp capacity, and is repreducible only if air
doeg not leak onto the systr-'mo

[ e XAR
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The effect of pressure on the sensitivity of various leak detectors to
pure helium cam be seen on the curve, Figure 1. The abcissa is the source
- pressure reading. The ordinate is the sensitivity in cc per sec per
division. This comes from dividing the standard leak flow rate by the
divisions indicated by the-leak detector.

, The curve Figure 2 shows the output of the instruments per part

per miilicn of helium in air at different source pressures. The abcissa is
the source pressure in microns of mercury. The ordinate is the number of

- scale divisions per part per million of helium added to dry air. The
curve symbols are the same as for figure l. _

The fractions beside the point on the curves show'the—ability of the
machines to detect helium in asir; 1/3 means the instrument will give a
readable signal for cme part of heliun in 3,000,000 parts of dry air; 1/6 -
one part helium in 6,000,000 parts of air; 1/1.2 - 1 part helium in
1,200,000 parts of air° The ability to detect helium in air depends om
several things - first the scale multlpller used - the smallest readable
signal on the X1 scale is 2 to 25 div131ons, -on the X3 scale it is 6 to 72
ﬂlVlsions, on the X10 scale it is 20 to 25 divisions, and so on. Second,
‘on the noise in the-leak detector. The ratio of signal to noise cannot
be less than one to one to get a dependable reading.

March 9, 1959
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These are small sealed containers of atmospheric-pressure helium with
& very small leak built conto the container, usually made of glass.  The
leak’s accuracy is claimed to be within plus or minus 10% of the value ~
shown on the container. The units are standard cc per second. The hel:lum
flow from the container is so small that ‘the leak can be ‘connected to a =
one micron vacuum for meny hundreds of hours before the helium pressure
in the container goes down appreciably.

The standard leak ca.n be used to check the sensitivity of a leak
detector, and within limits, it can be used to find. the total air leak-'
.age into an evacuated system.

-

leak detector sensitlnty can be checked with the standard leak if
the leak is comnected to the leak detector inlet directly, or to an
inlet manifold which does not leak. After the leak detector has run
until the scale reading is constant,with both throttle and pump valves
wide open; the sensitivity can be calculated. The scale is read in the
divisions explained in DEFINITIONS. ' '

: The calculation is best explained by an example - assume the léa.k'
detector scale reads 2200 divisions when connected only to g standard

leak. The standard leak used has a flow-rate of 6.47 X 107/ std cc per sec."

. The leak detector sensitivity is 6.47 X 10~ = 2.94 X 10710 std cc per -
sec per division. The smallest .. 2200 readable out, ut. is two and .
a half times this value, 2,94 X 10710 X'2,5 2 7.33 X 10710 std cc per .
sec. This is the smallest leak that will give a readable output at the
time the test was made, a.nd when no air is lea.king inu ‘ .

'Leak detector sensitiv:.ty ‘calibration w:Lth a known helium-in-air -
mixture is often difficult. A standard leak can be used to check leak
detector sensitivity per division for pure helium.
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 CALIBRATED LEAKS

' These are usually made by flattening metal capillary tube, and solder-
ing it inside a larger metal tube. Usually these leaks are calibrated
vith air. Such a leak- is generally a series combination of viscous and
molecular flows. The overall flow resistance can be considered the sum
of two resistances, one due to viscous flow and proportional to viscosity,
and the other due to molecular flow and propq’i*bional to the square root -
of the molecular weight.. . -~ ~ U .

Flowrates Through leaks for Different, Gases .

Gas Viscosity Mol-Wt. ‘ large lea Small Leak
o Air = 1 Mieron. ~10°* std Micron 107° std
.CFH cc per sec. CFH cc per sec.

Alr 1.0 1.0. 6.k 6.2 066 - 6.4
Hydrogen .18 0.07 174 AT. .20 23.

Freon 12 67 4.20 . 6.2 - 6.1 .01 4.0
CO5 .- 81~ 1.53 6.7 - 6.5 - .05k 53
Helium 1.08 .0.14 8.9 - 8.7 .180 - 18.

0Oxygen- 1.12 1.11 5.7 546 058 5.7
Argon ©1.23 | 1.39 5.5 5.+ .058 5.7

Helium flow through the small leak was 2.3 times the air flow. Helium
. flow through the large leak was 1.39 times the air flow. A leak in be-

tween these two, 3.8 microm cfh of air; had a helium flow 1.7l times the
air flow, 6.5 micron cfh. : C

Whenever calibrated leaks are used, probably it would be worth vihile"
to calibrate them with the same gas that will go through them in use. -

2.5

2,6 : : : - .06 micron cu £t
/ - per hour

Ratio of flow 2k ’ //
of helium-air 5.0k

mixture to the /
flow of air 5.0 :

l 0'8

/ ' 6 micron cu ft

o4 - - per hr

[

Percent Helium in Alr -




- GENERAL WHODS OF LEAK DE['ECTION

All methods of leak detection involve ‘the passage of a "tracer
fluid from one side of a presumed leak to the other, and the subsequent
detection of the fluid on the latter side. Helium gas is the "tracer"
fluid normally used with the mass-spectrometer leak-detectors.

Leak detectors should be used to find leaks that are too small to
find with soap bubbles, or with halogen leak detectors. A large leak
might let so much air into a system that other leaks could not be detect-
" ed. Or so much helium might escape through a large leak that no in-

dividual leak could be located because the areawould be contamlnated
with heliwm. . , ,

)

The leak detector may be used for both vacuum and pressure testing.

In the vacuum method of testing, Figure 3, the equipment under test
 is evacuated by an auxiliary pump as shown. A sample of the gas in the

punping line is passed to the leak detector; which is continuously being
. evacuated by its own pumps. To detec¢t leaks, a small stream of helium

is played over points of suspected leakage so that, if a leak does exist, .

" the helium enters and is present in the pumping line and in the lesak
detector. Since helium is present in such small smounts in air, a

. significant amount of helium will enter the leak detector.only when a
leak has actually been "probed" with the gas. The detector responds if
helium enters it, producing a deflection on a milliammeter ("output”
meter). Therefore, a meter defléction indicates a leak. In the absence
. of detectable leakage, no deflection occurs. The electrlcal impulse
can also actuate an audio- leakage indicator. . - .

. For pressure testlng, Flgure L, hellum is introduced within the
test object under a pressure greater than atmospherlc° The helium will
then issue from any existing leaks. A suction line, ("sniffer") which
is connected.to the leak detector, is passed over suspect points. Any
outflowing helium is drawn into the detector, causing a meter deflection
- and so indicating a leak. Further details on both pressure and vacuum

" testing follow. o T

Leak o - - ‘ N Throttle

‘ & Object = N A TN Valve
under ; =21
: W S ) ’ ' . a
Auxiliary : S
Pump _ 1 Leak
Detector
Helium
Fig. 3
¢
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LEAK DETECTION

A. Vacuum Testing:

1. General. The procedure is to evacuate the tested object with
the auxiliary pump, “pump, connect the leak detector to the tested object by
opening the throttle valve, then to spray helium at suspected points of
leakage and observe the output of the leak detector. :

2. Meking Vacuum Connections to Tested Objecto - R

a. QGeneral Precautions. Poorly designed test connections
can be a major source of difficulty in leak testing. Common sources of
test connection trouble are leakage, excessive helium contemination and
dirt. In order to avoid these time-wa.stlng dlfflculties, -the following
points should be observed.

(1) The use of excessive amounts of rubber, neoprene, vinyl, and
especially rubber tubing, should be avoided, because these have the property
of absorbing helium. Thus, when a large leak is encountered, the elastamers
will absorb appreciable quantities of helium which is difficult to remove
by pumping. The use of elastomer is necessary in order to make vacuum
connections; however, its use should be kept to an absolute minimum.
Tubing is particularly bad, not only is it subject to helium contaminat-
ion but it eventually becomes contaminated with other materials which
prevent the attaimment of the vacuum required for good leak detection.

(2) Lubricants. When applied to gaskets in moderation, the use of a
good low vapor pressure vacuum grease, such as Apiezon, Lubriseal or
Silicone, will be of considerable aid in making a vacuum-tight joint.

Like elastomers, however; excessive use of vacuum grease will cause
helium contamination; furthermore, large quantities of grease will act
as a dirt catcher, and the system will soon be so dirty that a good vacuum




will be unattainable. Only a slight film of grease should be applied to the
gaskets used, and the excess should be wiped off.

(3) "0" ring Seals. Commercially available "0 rings, which are molded
rubber gaskets having & circular cross-section, make very reliable and con-
venient vacuum seals. Aboub three quarters of the "0" ring is recessed:
in a groove, and compressed i diameter. Engineering data sheets available
from manufacturers make recommendations as to the design of the grooves.

If these recommendations are followed, it has been found that good vacuum -
joints result. As mentioned above, when lubricating"o" rings, only a thin
film should be applied. :

() Flat Gaskets. The use of flat gaskets should be avolded whenever
it is possible to use "O" rings. However, when it 1s found necessary
to use flat gaskets, their thickness should be held to a minimum so that
the vacuum system "sees" the smallest possible amount of rubber.

(5) The need for a clean system cannot be over emphasized. The larger =
the system, the more importent is cleanliness.. .

3. Step-by-Step Vacuum Testing Procedure.

a., Put the leak detector in operation with the throttle valve closed.
See OPERATION of the various leak detectors,

b. Connect the object to be tested to the pumping port.
c. Open the auxiliary pump shut-off valve to being evacuating.

d. When a vacuum gauge indicates a pressure in the object being tested,
of about 20 microns or when the vacuum no longer improves, open
the throttle valve of the leak detector. Be careful not to exceed
a leak detector pressure of 0.3 micron. Adjust the throttle valve
so as to give the proper leak detector source pressure. If the
test object is relatively tight and clean, it should be possible
to open the throttle valve wide without exceeding this pressure.

e. If the throttle valve has been opened wide, and the’ pressure is
too low, try closing the auxiliary pump shut-off valve. If the
leak detector pressure does not rise too high, leave the auxiliary
punp shut-off valve closed. This will result in maximum sensitivity,
because all the helium entering through & possible leak will flow
to the leak detector instead of dividing between the leak detector
and the auxiliary pump. In no case should the auxiliary pump shut-
off vaelve be closed when the throttle valve is only partly open,
since this will result in the accumulation of helium in the test
object. If the pressure is lower than it should be, with the
auxiliary pump shut-off valve closed, the leak detector pump-valve

L
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‘can be partly closed. This should raise the pressure to 'Q_°2 microns
which will give good sensitivity. Be sure the pressure in the test
object is higher than the pressure in the leak detector. :

f. Using the helium control valve; direct a jet of helium at suspected
' " points on the test object. Don't forget to test the temporary
vacuum connections. The helium jet should be very small. A flow
of about Y% std cc per sec from'0.005 to 0.012 in. inside diameter
- capillary tube is about right to find the location of small leaks.-
This is equivalent to one bubble a second when the end of the
capillary tube is under water. Do not use large helium flows be-
cause a good sized leak may contaminate the system, and the large
flows could contaminate the-area so that no individual leak could
be found.

g. When the helium jet strikes a leak, the leak detector output will
rise. In most cases the deflection will be off-scale, and in order
to locate the leak accurately, the amplifier semsitivity should be
reduced so as to obtain a readable deflection. ' The location of the
leak may be closely located at that point at which the maximum read-
able response occurs. If an off-scale deflection occurs even at the
minimum emplifier sensitivity, the leak detector semsitivity may be
further reduced by first opening the auxiliary pump shut-off velve,
and then partislly closing the leak detector throttle valve. In this.
way, the auxiliary pump will carry away some of the helium entering
the leak. (For other probing techniques see paragraph 8, below).

h. When the test is complete 5 the leak detector should be valved off
a,nd shut down according to instructions., - N . e :

N

i. Open-the air inlet valve (of the external system, of course) and
remove the tested objecto .

i, Hbod Testing iﬁ,. 'T  :';ﬂf;{:ff :.Qaﬁfu;;:-.. T L

An overall 't;est may be performed by pla,cing the test object :Ln a.
metal or plasuic container and filling the container with helium.
In this way, all the test object will be tested at the same time
and no leaks will be missed. Total leakage can be measured. See
MEASURING LEAKAGE . T :

5. Bell Jar Testing. Hemmetically sealed containers which are filled with
- helium, or some gas containing a percentage of heliim, may be given a :-

rapid sensitive overall leak test by placing them in a bell jar. The
bell jar is them evacuated and connected to the leak detector; if a
helium indication results, it is due to & leak in the container being .
tested. The seal between the vacuum plate and the bell jar should be
made by means of an "0"-ring. The bell jar should have a minimum
volume so as to shorten the pump down time; therefore, specially
built metal units are usually preferable to standard glass bell jJars.
When sealing a bell jar to a vacuum plate, never use vacuum grease to
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make the seal - this is an obsolete laboratory technique. Bell jar test=-
ing is very good when leaks in small objects and in capilla.ry tubes must
be found.

6. Response Time in Vacuum Testing. For fast, accurate leak testing, two
requirements are the utmost importance.,

a. The system should react as rapidly as possible when a leak is
"probed". That is, it should have a short "response time".

b. When the tracer gas is removed from the leak, the leakage indication
shou.ld fall tn zero in the shorteot posoible time. Thut 1s, 1t

e

If these requirements are not met, the leak testing process is delayed
to a large and scmetimes intolerable extent. To illustrate this, picture
a section of weld being probed at a constant rate. If the response time is
poor, the leakage indication will appear some time after the probe has moved
~.. well beyond the leak, and the probe will then hawe to back-track slowly
until a second signal is obtained. But this second signal cannot be ob-
served distinctly until the first signal has been removed; or "cleaned up".
Therefore, the clean-up is of equal importance to the response time.

Please note that response and clean-up times are characteristics of the
test system as a whole, including the part being tested and the auxiliary
pump. They are not merely functions of the leak detector alone. The leak
detector responds almost immediately to any changes in helium concentration -
that occur at the throttle valve. In a test system;, the delay in response
is due to the time necessary for the helium concentration to build up at the
throttle velve; the delay in clean-up is due to the time necessary for the
punp to remove the helium from within the volume of the part being tested.

' It can no doubt be seen intuitively that a test object having large
volume will cause long delasys, while a high speed pump will reduce the de-
lays. Mathemstical analysis bears this out, and shows that the ‘important
characteristic of the system is the ratio of volume divided by pumping
speed (V).

5




Figure % shows a volume of LA

Speed (s) | - ‘_ | liters being evacuated at a
Leak —vd—y 1t/sec _ S speed S liters per se;ond. '.].‘he_
' N response and clean-up times are
\ : S “-then defined as follows:
' l A' Ty~ Response Time = time for a
helium indication to build
s— To leak SR up to 64% of its eventual
\I —— — detector - maximum value
J 3 : . - TR Clean-up time = time re-
Aux. } quired after helium is -
Pump : : removed from the leak for
’ the helium indication to

be reduced to 36% of its
initial value
e
Mt 7 I
Fig. 5 .
NOTE

When V is in liters and S is in liters/second, T is in
seconds .

When V is in cubic feet and S is in cubic feet/minute,,
T is in minutes.

The \é ratio thus glves a direct measure of the response and clean-up
characteristics of the system of Fig. 5, which is basically that which is
mostly used. The following example will illustrate: ,

A part having a volume of 2 liters must: be leak tested; and the ‘des.ired
clean-up time is 2 seconds. What pumping speed is required"

Solution: 2 sec = 2 liters
-8
Solving for S, ~ S = 2 liters <= 1 liter/sec

2 seconds

Note that the speed requiréd is the effective speed at the leak, which .
may be much smaller than the speed of the vacuum pump itself, due to the
limiting effect of the connecting lines. .

A connecting line has a maximum speed or conduétance (S, ) which depends
-on its diameter (D) and length (L) as fo.'Llows, in the molectlar flow region -

= 3
Eqwa.tion 1. SL 6.6 %
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where: S; is the maximum speed of the connecting line in liters
per second; ‘
D is the diameter of the connecting line in inches;
L is the length of the connecting line in feet.'

The speed given by the above formula is that which would exist at the
end of a line if it were connected to a pump with infinite capacity. When
connected to a pump with a finite speed (SP), the speed at the end of the
line is reduced to the effective speed (S) as follows:

Equation 2. S T s, X Sp

SL + Sp

vhere: S 1s the speed at the end of the line
S; is the meximum speed of the line;
Sp is the speed of the pump

Equation 1 shows the importance of using lines of short length and large
diameter (especially the latter), while equation 2 shows how the effective-
ness of the vacuum pump is reduced by the connecting tubing, and vice versa.
Note that the effective speed is always less than either the pump speed or
the line. speed, whichever is smaller.

For example, equa.tion 1 shows that tubing whose diameter (D) is 2 inch
and length (L) is one foot, will have a limiting speed (S ) of about O 83
liters/second. Equation 2 shows that if this same tubing is connected to a
_pump whose pumping speed (S,) is 25 liters/ second capacity, the effective
speed (S) at the end of the line is only 0.80 liters/second, showing the
futility of using such a large pump with tubing of this size.. On the other
hand, if the diameter of the tubing is increased to 25 inches, the effect-
ive speed at the end of the line will be increased to 20.1 liters/second.

When pumping the test object directly into the leak detector, the time
response will be determined by the pumping speed of the instrument itself.
A Veeco leak detector has a pumping speed of 2 liter per sec with the
throttle valve wide open. A CEC leak detector has a pumping speed of
6 liters per second of nitrogen at a pressure of 0.2 microns. Therefore,
reasonable time response will result only with volumes up to several liters.
However, even on large systems where time is a secondary factor, this method
yeilds maximum sensitivity, since there is no extermal pump to "rob" the
heliwm. A

7. large Vacuum Systems Testing.

‘It may be seen from the above discussion that the choice .of:the: size.of
the vacuum pump will be based on the volume to be tested. For velumes of
several hundred liters, adequate time response may be obtained by using
" very large mechanical pumps. The leak detector is conmected to the system
near the pump -connection, or to the pump line near the system.
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. However;, it is usually better to use an auxiliary high-speed oil-diffusion
punp, together with a smaller mechanical pump. In these cases, the location
of the leak detector comnection depends on the pressure in the system. If

the system pressure is below the proper source pressure, the leak detector
should be connected to the line between the oil-duffusion pump and the
mechanical pump. If the system pressure is above the proper source pressure,

-~ the leak detector should be connected to the system near the pump connect-
- iohj or to the pump line near the system, In both cases, the leak detector

throttle valve 1s used to keep the source pressure at its correct value.
If the pressure in the system is as low, or lower, than the leak detector
pressure, the auxiliary oil-diffusion pump will get all the helium away
from the system. The leak detector will get no helium and leaks cannot
he found. : .

8. Probing Techniques.

a. Probing for s leak in an object under tesi should proceed from the
upper side of objects to the lower. In this way the helium, which rises,
will flow back only over areas already tested.

b. When testing individusl joints, time may be saved by using a generous

flow of helium from a flexible rubbér tubing ($ inch diameter). When a

leak is indicated, its exact location can be determined by means of a finer

"probe". On the other hand, if there are large leaks in the system, enough
helium may enter to saturate the system and the leak detector for a while.

If there are many small leaks, diffusion of hellum to these small leaks
may make leak location difficult. Using a fine probe, the operator can
limit narrowly the area covered by helium. The detector output will be
a maximum when the probe is directly over the leak.

¢c. A very large leak will give an indication even when the probe is
at some distance from it. To prevent this disturbing occurance, the
leak should be located and then either repaired or temporarily sea.led.
Vacuum putty may be used -for temporary seals.

d. When s point appears to leak, but does not give a consistent
response in the detector;, a large leak in some other location is to be
suspected. The varying leak indication is due to erratic puffs of helium
belng blown to the large leak.

e. When two possible points of leakage are close to one another, it -
is sometimes difficult to detemrmine which of them is responsible for a
leakage indication. It is then necessary to mask one of them (say, with
tape) so as to exclude its possible influence. ~Using a fine probe and a
minimum flow of helium will also help. .

.f. A number of different types of joints give the same typical leak-
age indication. The indication is a delayed and slow build-up of the leak
sigoal and then a very slow clean-up. The signal may even stay constant
for some time. Such indications are usually due to porosity, flanges




with flat gaskets and ruwbber tubing jJoints. This peculiar behavior is due
to the great length of the leakage path plus the sotre of helium (at atmos- .
pheric pressure) in crevices on the joints. Similar effects are produced
by leaks in volumes that are behind contrictions or that are otherwise being
pumped slowly.

g. Testing of. sub-units before they are incorporated into an assembly
or system simplifies testing of the system. Then, only joints between
units require investigation.

h. The use of a hood, to determine in one operation the presence or
absence of leaks;, has already been mentioned.

9. Extreme Importance of Cleanliness.’

For best results, the interior of objects to be leak tested should be
as. clean as possible. In particular, they should be free of water vapor
and grease. These materials evaporate in large volume at reduced pressures.
This burdens the pumps at the same time that it dilutes the helium that may
enter through a leak. This is very important, indeed.

10. Précautions in Vacuum Testing.

a. Before leak testing, be sure that the ion voltage 1s set at the
helium peak, the filament is on, and the throttle valve is open.

b. Don’t be fooled into thinking‘ the leak always exists at the spot
where the probe is held; the helium deflection may be due to a very large
leak scme distancge away .

¢. Never valve off the auxiliary pumps Aunless the throttle valve is
wide open.

d. Be sure to close the throttle valve whenever any change or ad-
Justment is to be made to the test system. This will prevent accidental’
admission of air to the leak detector. Never open the throttle valve
unless the auxiliary pump valve is first opened.

€. Turn FILAMENT switch "OFF" when testing is being suspended for
ten minutes or more.

B. Pressure Testing,

1. Genera.l The broad principles of pressure testing have been
given in Section I. Variations on the basic method, and same details of
procedure require some discussion, however.

2. Probes. A flexible hose, terminsting in a nozzle, constitutes
the "suction line" required for pressure testing.

The flexible hose is preferably of metal bellows-type construct-

ion, but rubber tubing (or better, Neoprene).is frequently used. Whatever
the type of flexible hose used; it should be as short as possible.
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For seme purposes, a specially shaped probe or sniffer may be required.
This can be made by appropriately flattenlng the end of a piece of copper
tubing. Needle valves are also of use sometunes, and permit varying the
suction through the sniffer. A long needle with slight taper is desirable.
The valve must be at the end of the sniffer so that there is no volume
between the valve and the point where the sample enters the sniffer.

3. Auxiliary Pump. The leakage through a sniffer is sometimes such
that the indrawvn alr is too large in amount to be handled by the vacuum
system of the leak detector. Accordingly, an auxiliary pump is used.

If it is desirable not to use an auxiliary pump, a special sniffer,
with smaller leakage, can be used.

A very-long rubber connecting hose on the sniffer will necessitate
an suxiliary pump, regardless of the use of a special small spiffer. This is
the result of the imability of the leak detector pumps to handle the large
amount of gas given off the walls.of the rubber tubing (outgassing).

b The use of a long hose has the further disadvantage of resulting in

‘a lopg response time, due to the long path which must be traversed before
the belium reaches the leak detector. When pressure testing large objects,
it is usually preferable to use a short hose and to move the leak detector
rather- than to Use a long hose and a stationary leak detector.

4. Procedure (See Figure 2)
8. Conuect a'suitgble length of flexible hose to the sniffer.
b. éonneét other end of hose to a tee connection. |
c. Connect second end of tee to the leak detector gas-inlet line.

d. Compect remaining leg of tee to an4auxiliary vecuumn pumps,
preferably through a valve.

e. Start suxiliary pump. The sniffer will now be sucking a very
small emount of air. ‘

f. Carefully open throttle valve in leak detector until the
pregsure indication is correct. Turn on filament.

NOTE

Make sure all connections are helium tight.

g. DProceed to test by passing end of sniffer slowly, over suspected
points of leakage.
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5. _Notes on Probing Techniq_ueo

: as As in all leak testing, a non=reproducible ind.ication may be
due to a large leak in another location.

After "snifﬁng" in one lqcation, the probe may use up all the
helium lssuing from a leak there. It will then be necessary to wait until
a detectable concentration of helium has built up around the leak.

c. Advantage should be taken of the fact that the tracer gas
(helivm) will build up in concentration around a leak. In light of this,
the test object should be kept out of drafts., .

d. rl“nc= suction through the sniffer is bery small. Nevertheless,

increased sensitivity is obtained by restricting the slight suction to
the neighborhood of the Joint under test. This can be done by putting -
a rubber fitting on the end of the sniffer which will act as a "suction
cup" over the leak. In many cases, & small plece.of rubber tubing, just
long enough to project past the end of the sniffer to form a seal a@inst
a test surface, will help considerably.

e. Tt is essential to have avallable a known leak to which helium
can be applied. With this, the sniffer can be checked for operating
efficiency.

6. Sensitivity of Pressure Testing.

Using the "sniffer" method, a helium flow into the atmosphere of
about 1 x 10-7 cc/sec. can be readily detected. Such a flow will result
in an OUTPUT meter deflection of 2% of full scale at full sensitivity
(SENSITIVITY switch at 1). This semsitivity results without resorting to
the accumulation techniques mentioned in paragraph 5, above. By using
' these methods, even greater semsitivity will be obtained. '

Fundamentally, however, the sensitivity of pressure testing is
not as geod as vacuum testing; the ratio being 100 to 1. This is due to
the outflowing helium being diluted by the a.tnospheric air. In vacuum,
testing, no such dilution occurs. .

Ts "Pressuring o

~ The flow through a leak varies roughly as the difference of the
. squares. . of the pressures across it. It will be obvious them,’that
higher pressures of helium within the test object will make possible the
detection of smaller leaks.

If it is desired to use several atmospheres pressure of helium,
and if the test object is large, considerable helium will be used up in
a test. This loss of helium can be avoided by "pressuring up"” with some
gas such as nitrogen. That is, for instance; one atmosphere of helium
might be put in and 10 atmospheres of nitrogen. While this dilutes the
helium, the increase in flow rate through the leak more than offsets
the dilution.




€. Pressure-Vacuum Testing. -

” ‘ Pressure testing mgy'be combined with vacuum testing in such a way
that parts having an internal helium pressure may be tested at the high
sensitivity which is inherent to vacuum testing. This may be done by placing
the pressurized container inside a bell jar, evacuating the bell jar, and .
using the leak detector to detect any trace of helium. This has already been
discussed in "Bell Jar Testing". Since the helium flowing into the bell jar
suffers no dilution, high sensitivity results,

If a leak is indicated during the test,~its location may be de-
termined by removing the bell jar, attaching a sniffer connection to the
pumping port, and pressure-testing the piece while it is under helium
pressure. ‘ ‘

The use of the pressure-vacuum method of testing is recommended for.
leak testing parts having long tubing connectlons. If such parts were check-
ed by vacuum testing, excessively long response and clean-up times would
result, due to the limiting effect of the tubing connection on the effective
pumping speede .

Pressure-vacuum testing is also recommended to check pieces which
‘must be back-filled with helium ( filled and sealed with helium inside).
Since two separate manifolds are used, the back-filling helium does not
enter the leak test manifold (except through a leak). In this way, helium
g contamination of a leak test manif6ld is avoided. o




/ MEASURING LEAKAGE

In most cases, the size of the smallest detectable leak needs to be
known. Otherwise a leakage tests doesn’t mean much. Also, it is often
necessary to know the total air leakage into system. This knowledge can. be
obtained only when the vacuum system of leak testing:is used.

Two things need to be known to find out the size of the smallest detectable
leak, and the system inleakage - the Dynamic Sen31t1v1ty of the leak detector
system, and the System Sensitivity. )

A "Dynamic Sensitivity of a leak detection set-up is found by connecting a
standard leak, or a calibrated leak as shown in Figure 6. Atmospheric
pressure helium should be connected to the calibrated leak, if it is used.

“The leak detector source is held at the ~same pressure as when connected to the object
..It. may take several trials to get

Throttle-
va.lve
- -
4 i
[*4 \_l

ik, %
Open i

><0p§n

¢ g " ' Leak
‘ Aux1llary + Detector
Pump o ' -
Flgure 6

The leak detector reading dlvided into the size of the standard, or the
calibrated leak, gives the dynamic sensitivity of the leak detection set-up.
For example - assume a 1 x 10~ =2 std cc per sec standard leak is used, and
that the leak detector reads 1000 divisions. Then the dynamic sensitivity
is 1 x 10° /lOOO = 1 x 10™™ std cc per sec ger'divisiona The . dynamic
sensitivity should not be less than 1 x 10™°. If it is below this, use a
larger standard leak, or 8 larger calibrated leak, to 1ncrease the dynamic
sensitivity.

System Sensitivity of a system is found by connecting a standard leak,
or a calibrated leak as shown in figure 7, or in figure 8. Atmospheric
pressure heliuwi should be connected to the calibrated leak, if it is used.
The source pressure is kept at the same value as used to find the dynamic
sensitivity by use of the throttle valve or auxiliary ﬁump velve.

=26~
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Figure 8.

The leak detector reading divided into: the size of the standard leak,
or the calibrated lea.k, giveg the system sensitivity of the system under test. For
example assume & 1 x 107 cc per sec standard leak is used, and that the
leak detector reads 100 divisions. Then the system sensitivity is 1 x 10" /lOO
g 1 x 107 cc per se¢ per division.

The smallest detectable leak is 25 times the system sansitivity, or
2.5 x l_ x 107! £ 2.5 x lO“’7 ecc per seconc'i°

The total leakage into the sys‘bem is the ratio of system sensitivitg 7y
to the gynamic sens. +1v1ty times the standard leak size, thus - 1 x 10~
1 x 10- 10 x. 1 x 10°2 2-1 x:107%.std cc per sec leakage into the systan.
This is based on the fact that the only thing that can cause the system
sensitivity to be lower than dynamic semsitivity is the air that leaks into
the system. If the partial pressure of helium is one-tenth as much when system
sengitivity is measured, then there must be 10 times as much air present. -

_ When a leak is. flooded with helium from a probe, the output meter will
deflect. The size of the leak is directly proportional to the deflection
and to .the system sensitivity. Assume & reading of 25 divisions when a.
leak is probed. Then the size of the leak is 25 x1lx 107 = 2, 5X lO"6
std. cc per second. .

If leaks are found, and repaired, until the auxiliary pump is no longer
needed to hold the pressure in the system down, then the auxiliary-pump valve
can be closed. Then the dynamic sensitivity and the system sensitivity can
be found under this new condition. The size of the smallest detectable leak
is greatly reduced, and a much smaller total inleakage can be measured be-
cause all of the helium goes through the source. None is going to the
aw:illary pump .




OPERATION OF THE CEC 24-102, 24-110 STARTING UP

Close the THRO’FI'LE VALVE and the Hoke ventcock.
Open the PUMP SHU'I'«-=0E‘F-V13.I.Vl§:°
Turn on the FOREPUMP SWI'I'C_H.

When the system is pumped down, to 100 microns or less, as indicated by
a quiet forepump, turn on the DIFFUSION PUMP SWITCH. Allow 15 minutes for
the pump to heat to operating tempera.ture - before the power switch is turmed
on. Switch the left-hand meter to DIATRON PRESSURE positiono_ Turn on the
REGUIAE[@ POWER SWITCH. The DIATRON FILANENT lemp will start flashing after
about 30 seconds. The Diatron pressure should drop to less than 0.2 microns
within 30 minutes.

If the Diatron pressure is off sca.le, turn off the REGULATED POWER
SWITCH. Operation at high pressure will contaminate the Phillips gage.
Check the pressure periodically. The REGULATED POWER SWI'J.‘CH can be. lef‘t
on when the Biatron pressure is on-scale. .

Fill the cold trap about one inch with liquid nitrogen When the 1iq_uid.
nitrogen has stopped boiling vigorously, fill the cold trap 3/4 full. Do not
£111 the cold trap full at first. One inch of liquid nitrogen will frjeezewout
condensibles on the bottom of the trap. This leaves the rest of the trap clean
and efficient. ' '

The DIATRON FILAMENT may be turned on when the Diatron pressure is 0.2
microns or less. The Diatron filament lamp should stay on. If it continues
to flash; the Diatron is not emitting. See the CEC Operation & Maintenance
M&ntialo ’ : ’ )

Do not operate the leak detector unless there'is plenty of room for air
to enter the back. Otherwise the diffusion pump will overheat. Do not let
the leak detector touch a.ny“hhing that will'ce.use it to vibrate. '

When a leak detector is new, or has not been used for quite some time,
it may outgas for several hours. Do not use the leak detector until it is
outgassed. The Diatron pressure will be almost zero when outgassed, and
with the throttle valve closed.

Do not use ‘the leak detector to rough-out any exte:ma.l apparatus.
Use an asuxiliary pump. See Figure T.
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C‘onn ct a st dayl leak as shown in Figure 7. Use a standard leak from
1.5 x lO to 1 x 107! std cc per sec in size. Rough out the external piping
and tubing with the auxiliary pump. . '

Slowly open the throttle valve. Slowly close the auxiliary pump valve.
Be careful that the Diatron pressure is below 0. 2 microns, C

With the filament on, and the AIEPL]FIER BALANCE knob fully counterclock-a
wise, rotate the ATTENUATOR knob until the meter is just on-scale.

Alternstely adjust the ACCELERATOR VOI[EAGE and the REPELLOR VOLTAGE
for maximwn me‘ber d.ei:‘lection°

Adjust the ion current for maximum meter deflection. In no case should
the ion current be higher than the red mark on the me'ber scale.

If the standard leak causes a rea.ding of more than 1000 dlvisions, de=--
crease the accelleratér voltage until the output is 800 to 1000 divisioms.
Then alternately adjust the AMPLIFIER BALANCE and the PHASE control until the
best null is obtained. The nu.ll should be less than 30 divisions. Then turn
" ANPLIFIER BALANCE fiill -coutrt@rclockwise. Set voltage for maximum. '

Note the output of the leak detector in:divisions with throttle and pump
valves open, and with auxiliary pump valve closed. Divide this into the
size of the standard leak. This gives the sensitivity of the machine.

If the sensitivity is less than 4 x 10710 5td cc_per sec per division,
something is wrong. Expect to get about 1 x 1010 rith a 5886 electrometer
tube. These figures do not have any particular correlation with the smallest
detectable amount of helium in air. Of course there must be no leaks in

the system when this test is made. ' o

IEAK HUNTING

The CEC 24-102 and 24-110 have maximum sensitivity to helium in air when
the Diatron pressure is 0.2 microns. The throttle valve, or the pump valves
should be used to hold the Diatron at this pressure when lea.ks are hunted.

Never hunt leaks with the amplifier balance kncb at the null point.
The machine has no ability to find leaks under this condition. Always
rotate the amplifier balance knob counterclockwise from null to give about
50 divisions output with no helium, only air, extering the lesk detector,
and with the Diatron pressure at 0.2 microns. :

SHUTTING DOWN

With the throttle valve closed; and pump valve open,

Turn off the Diatron filament, the regulated power switch a.nd the
diffusion pump. Let the forepump run until the Diatron flange is cool.
Then shut the pump valve. Do not turn off the forepump until the bottom
of the diffusion pump is cool enough to touch.
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Remove the cold trap flange screws, open the throttle valve, and remove

the cold trap. Empty the cold trap and clean the outside with hot water
and detergent. Dry the.outside thoroughly and put the cold trap in leak

detector. If the.diffusion pump is cool, shut off the forepump and open the

pump valve - the throttle valve is open. Then close both pump and throttle
valves. S

PRECAUT IONS

Never let the forepump run for any length of time when the pump valve
is open, and there is no liquid nitrogen in the cold trup. _0il vapor will
contaminate the Diatron and the Phllllps gage -

Never let the forepump and the diffusmon punp run for any length of
time when the pump valve is open, and there is no liquid nitrogen in the
cold trap. O0il vapor will back diffuse and contamlnate the Diatron and
the Phillips gage.

- The forepump and the diffusion pump can be left on if the pump valve
;s kept closed.

Do not let alr at a pressure hlgher than 0. 3 microns come in contact
with the hot Diatron. Contamlnatlon and oxidation result.

... Do not let air at a pressure higher than 0.3 microns come in contact
w1th hot diffusion pump oil. The oil will break down.

Do not let the preséure'in the diffusion pump get higher than 0.3
microns when the pump is hot. The oil temperature will get too high and
the oil will crack. <

Use an external cold trap 1f there is any doubt about the cleanliness
of the system under test.

Read instructions for the 24-110 even when using the 24-102. They
are more complete.

Modify 24-102's as per CEC Service Bulletin 224.110-16, pages 7A and

8, October 3, 1957. Coe

Substltute a screwdriver adjustment with a locking nut for the
accelerator voltage bar knob adjustment.

Modify the peamked emplifier to relocate the gain control. Otherwise

the amplifier can become saturated by a large signal and not read full
scale. See CEC drawing number D-3LOLTA.
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