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INTERNATIONAL

Standard Test Method for
Calibration of Helium Leak Detectors by Use of Secondary
Standards !

This standard is issued under the fixed designation F 78; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon €) indicates an editorial change since the last revision or reapproval.

1. Scope 3.1.3 standard leak rate-in leak detectionthe rate of flow
1.1 This test method covers a procedure for calibrating £f atmospheric air of dewpoint less than — 25°C through a leak

mass spectrometer-type helium leak detector with a series ¢fnder standard conditions specified as followl: the inlet
commercially available calibrated leaks without need forPressure shall be 1 standard atmosphefe’ (101+ 5 kPa),

recourse to a primary standard. (2) the outlet pressure shall be less than 1 kPa (0.01 atm), and
1.2 Leak detector parameters determined by this test methd@) the temperature shall be 28 3°C.
include: 3.2 Definitions of Terms Specific to This Standard:
1.2.1 Minimum detectable signal, drift noise (8.5, with 3.2.1 response time-of a leak detector, for the purposes of
recorder; 8.6, without recorder), this test methada measure of the speed of response of the
1.2.2 Response time, detector to an incoming helium sample.
1.2.4 Sensitivity. and response time are assumed to be equal.

1.3 This standard does not purport to address the safety 3-2.2 sensitivity—of a leak detector, for the purposes of this
concerns, if any, associated with its use. It is the responsibilitjeSt methodthe ratio of the change in the output signal to the
of the user of this standard to establish appropriate safety an@Pplied helium leak rate. _ _
health practices and determine the applicability of regulatory 3.3 Other terms used in this test method are defined in

limitations prior to use. Definitions E 425.

2. Referenced Documents 4. Summary of Test Method
2.1 ASTM Standards: 4.1 Atleastthree calibrated leaks are tested on a helium leak
E 1 Specification for ASTM Thermometets detector, and a correlation is obtained between the output
E 425 Definitions of Terms Relating to Leak Testfhg indication of the leak detector and the leak rate of the calibrated

leaks. These readings are used to plot a calibration line from

3. Terminology which intermediate values, within specified limits, may be

3.1 Definitions: read.

3.1.1 calibrated leak—in leak detectiona device that per- ¢ | .o onces
mits leakage through it at a specified rate, of a specific gas;” ) ) . _ _
under specific conditions, with the downstream side of the 9.1 Certain materials, particularly organic compounds, will
device exposed to a pressure sufficiently low to have negligibl€ntrap or hold helium tracer gas. Use of such materials in
effect on the leak rate. connections between the calibrated leak and the leak should be

3.1.2 minimum detectable signain leak detection the minimized to avoid erroneous results. (If the net output
smallest unambiguous output signal that can be derived from @2dings from any calibrated leak consistently lie outside the
given particular leak detector. Units are detector scale divieStablished limits, the leak should be returned to the supplier
sions. for a recalibration check.)

3.1.2.1 Discussior-The minimum detectable signal is de- -2 The background reading, should be at most one

termined by the noise present in, and drift of, the output signa/guarter of the output reading\ If the value ofB approaches
that of A, the accuracy of the determinationMivill suffer (see
9.3.1).
1 This test method is under the jurisdiction of ASTM Committee FO1 on )
Electronics and is the direct responsibility of Subcommittee F01.03 on Metallic6_ Apparatus

Materials.
Current edition approved Dec. 10, 2002. Published May 2003. Originally 6.1 Calibrated Leaks-At least three commercial devices
approved in 1967. Last previous edition approved in 1997 as F 78 — 97. incorporating leaks, one having a leak rate of approximateiy

2 Annual Book of ASTM Standardgol 14.03.

—9 174 /10 ~1 ;
3 Discontinued. See 1994nnual Book of ASTM Standardéol 03.03. 107 atm-cni-s (10 Pa-ni-s ), & second having a leak
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value in the nominal range from 19to 10 ‘atm-cni-s*(107° SAMPLE
to 10° Pa:nf-s?), and the third having a leak rate of STANDARD  'NLET LINE
approximately 10° atm-cni-s %1077 Pa-ni-s ). LEAK \
6.1.1 The calibrated leaks shall be obtained from at least R R c‘ALLEvTE
two independent suppliers. LEAK
6.1.2 The calibrated leaks shall have been calibrated with VALVE PUMP
helium gas at a pressure of approximately 1 standard atmo- VALVE
spherex5 % (101 =+ 5 kPa).
6.1.3 The following information shall be provided with each LEAK DETECTOR
calibrated leak: PUMP
6.1.3.1 Calibrated leak rate, atm '%B_ll(or Pa'fﬁ'S_l), FIG. 1 Schematic Diagram of Apparatus for the Calibration of the
6.1.3.2 Date of calibration, Helium Mass Spectrometer Leak Detector

6.1.3.3 Temperature of calibration, °C,

6.1.3.4 Temperature coefficient, atm-ts-°C *(or .
Pa-m-sL°C), and 7. Materlgl _ _ _

6.1.3.5 If areservoir is an integral part of the calibrated leak, 7-1 Helium Gas— for use with calibrated leaks not having

the internal pressure in the reservoir, atm (or Pa) and an agir]! Intégral reservoir. The helium gas shall have a purity of at
correction. least 99.9 % and a supply pressure of nominally 1 atm (101

kPa).*
Note 1—It is preferable that five, rather than three, calibrated leaks be
used for initial calibrations of helium leak detectors by this method. Atg. pProcedure

least two leaks shall be obtained from each of two independent suppliers .
when more than three leaks are used. 8.1 Connect the helium leak detector to be tested to a source

Note 2—Although the data on which this specification has been baseéfpf eIeCtriC. power conforming in vo,Itage, fr.e.qugncy, and degree
were obtained largely from permeation-type leaks, the calibrated leak8f regulation to the manufacturer’s 5peC|f|Cat|QnS- -~
may be of various types such as capillary, pinched tubing, tapered plug, 8.2 Turn on the detector for the warm-up period specified by
etc. However, it is recommended that, with all types of leaks, thethe manufacturer.
manufacturer's recommendations be followed to avoid erroneous test g 3 Adjust the detector in accordance with the manufactur-
results. er’s instructions for maximum sensitivity and for maximum
6.2 Thermometeraccurate tox1°C or better in the range output for a given helium input.
from 18 to 28°C inclusive. A thermometer conforming to 8.4 Close the inlet valve of the detector. _
Thermometer 63C as prescribed in Specification E 1 is suit- 8.5 If the electron-producing filament is not on, turn it on
able. and adjust the detector zero position control to obtain an output
6.3 Chart Recorder for determining Minimum Detectable Signal of at least 10 % of the most sensitive scale. _
Leak, Method A; an instrument suitable for recording the 8.6 If the detector has no recorder output or if a suitable
output of the leak detector under test as a function of time. chart recorder is not available, continue with 8.8; otherwise,
6.3.1 The chart recorder shall incorporate a gain control tgontinue with 8.7. _ _
permit the deflection of the recorder stylus to be adjusted to full 8.7 Minimum Detectable Signal, Test Method A, with Re-
scale when the leak detector meter is reading full scale with theorder.

leak detector at its most sensitive detection setting. 8.7.1 Connect the detector output to the recorder.
6.3.2 The time constant of the chart recorder shall not be 8.7.2 Record the detector output for 60 min or until the
greater than that of the leak-detector output meter. output indication has reached full scale. Do not readjust any
6.3.3 The chart recorder shall be capable of continuou§ontrols during the recording period. ]
recording for at least 1 h. 8.8 Minimum Detectable Signal, Test Method B, without
6.4 Stopwatchcalibrated to read in tenths of a second to 6oRecorder o
min over an interval of at least 1 h. 8.8.1 Observe the detector meter and record its indications

6.5 Leak Auxiliary Manifold—If not incorporated in the @S fo_llows. Do not readjust the controls for the 60-min period
leak detector, evacuable means for connecting the calibrat] this test. ) . . -
leak to the leak detector, incorporating a roughing pump, leak 8.8.1.1 Repord the pointer deflection, in scale divisions, at
valve, and pump valve (see Fig. 1). time T =0 min. - . .

6.5.1 The roughing pump shall have sufficient pumping_. 8.8.1.2 Rgcord the minimum and'maX|mum pointer Qeflec-
capacity to evacuate the leak auxiliary manifold to an absolutfons occurring in the '”‘_ef"a' from time =01t0T =1 min.
pressure of less than 50 millitorr (or 7 Pa). _ 8.8.1.3 R_eco_rd the_mlnlmum ano_l maximum pointer (_1eflec-

6.5.2 The leak valve shall not act as a source of helium. ONS occurring in the interval from timé =9 toT = 10 min;

6.5.3 Valves and connections shall contain a minimum Oirecord the deflection occurring @t = 10 min.
rubber or other polymeric surfaces that can serve as virtual

leaks.
) ) 4 Commercially available compressed helium of the specified minimum purity,
Note 3—Ilt is preferable that the only exposed polymeric surfaces besupplied in suitable cylinders with appropriate regulators, has been found suitable
those of O-rings. for this test method.
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8.8.1.4 In like manner, record the minimum, maximum, and 9.1.1 If spikes appear in the chart recorder trace, construct a
terminal deflections occurring during every tenth minute forsmooth curve that represents the average values of the detector
the 60-min period, that is, from =19 toT =20 min,T =29  output.

to T =30 min, etc. 9.1.2 From the smoothed curve, determine the detector
8.9 Minimum Detectable Leak Rate and Sensitivity output at the beginning and at the end of each minute, in chart
8.9.1 Connect the apparatus as shown in Fig. 1, includingcale divisions. Record these values.

one of the calibrated leaks. 9.1.3 Calculate and record the change in output for each
8.9.2 With the filament on, zero the deflector meter readingl-min period. Compare each of these values to a reference
8.9.3 Open the leak valve and then the pump valve. value of¥%2 % of the full-scale chart reading.
8.9.4 If the calibrated leak has an integral reservoir, con- 9.1.3.1 If the change in output per minute is always greater

tinue with 8.9.6; otherwise continue with 8.9.5. than or equal to this reference value, identify by inspection the
8.9.5 Connect a source of helium at a pressure of 1 atm (10%rgest of these changes and record this value, in chart scale

kPa) to the calibrated leak. divisions per minute, as the drift.

8.9.6 Evacuate the atmospheric air present in the connec- 9-1.3.2 Ifthe change in output per minute is always less than

tions between the leak and the leak detector (to protect the ledRiS reference value, calculate the total change in the 60-min
detector). observation period and divide this value by 60. Record the

quotient in chart scale divisions per minute as the drift.

Note 4—It may be desirable to turn off the filament of the mass g 1.4 Examine the recorded output curve and determine if
spectrometer tube before continuing with 8.9.7. spikes appear on both sides of the smoothed curve.

8.9.7 Open the inlet valve slowly and maintain the leak 9.1.4.1 If they do, identify the two spikes, one on each side
detector pressure within the operational pressure range specif the smoothed curve, that extend furthest from the curve.
fied by the manufacturer. Measure the departures, in chart scale divisions, and add the

8.9.8 Close the pump valve. two figures. Record this sum as the noise.

8.9.9 With the inlet valve fully open, observe the pressure 9.1.4.2 If spikes appear on only one side of the smoothed
indicator of the leak detector. Do not continue until this readingcurve, recordtwice the largest departure from the curve, in

shows no observable change over 1 min. chart scale divisions, as the noise. _ _
8.9.10 Turn on the filament of the mass-spectrometer tube if 9-1.5 Calculate and record the sum of the drift and noise.
it is not on. Compare this value to a reference value of 2 % of the full-scale

8.9.11 Adjust the range multiplier to bring the detectorchart reading. _ o
meter reading on scale. When the meter pointer shows a steady?-1.5.1 If the sum of the drift and noise is greater than or
deflection, with no observable change over 1 min, record th&qual to this reference value, record it, in chart scale divisions,

reading, A, in scale divisions. If required, adjust the gain @S the minimum detectable signal.
control, but do not readjust any controls thereafter for the 9:1.5.2 If the sum is less than this reference value, record the

duration of this test. reference value as the minimum detectable signal.
8.9.12 Calculate and record a value equal to 37 %A.of 9.1.6 Convert the values for drift, noise, and minimum

8.9.13 Using the thermometer, measure the ambient tenfi€tectable signal, recorded in chart scale divisions, into equiva-

perature near the leak to the nearest 1°C. Record this value!/€Nt meter scale divisions as follows:

8.9.14 Start the stopwatch and simultaneously close the leak 9161 Determine and record the ratio qf .fgll—scale meter
valve as rapidly as possible divisions to the number of full-scale chart divisions.

8.9.15 Observe the detector meter continuously. Stop th?d
stopwatch when the reading has decreased to 37 #o(tfis
value was recorded in 8.9.12). Record the reading of th
stopwatch to the neare$ s asT, the response time.

9.1.6.2 Multiply by this ratio the values recorded in 9.1.3
rift), 9.1.4 (noise), and 9.1.5 (minimum detectable signal).
geecord these values as the drift, noise, and minimum detect-
able signal, respectively, expressed in meter scale divisions.

Note 6—For the purposes of this test method, it is acceptable to sum
rift and noise and to express the result in scale divisions, even though
drift has units of scale divisions per unit time.

8.9.16 Continue to observe the detector meter. When the g 5 \iinimum Detectable Signal, Test Method B
pointer shows a steady deflection, with no observable change g ; 1 'caicyiate and record the (;hange in output between the

over 1 min, record the reading in scale divisions as thia| ang final meter readings for each of the 10-min intervals,

background reading?_». _ . that is, betweed =0 andT =10 min, T =10 andT =20
8.9.17 Close the inlet valve, vent the sample inlet line ©Omin, T =20 andT =30 min, etc.

atmosphere, and replace the calibrated leak with another. 9.2.2 Divide each of these changes in output signal by 10.

8.9.18 Repeat steps 8.9.1 through 8.9.11, 8.9.13, and 8.9.J4ord these values and compare them to a reference value of
through 8.9.17 until each of the remaining calibrated leaks hag, o4 of the full-scale meter reading.

Note 5—The actual value recorded is the cleanup time, which for thed
purposes of this method is taken as the reponse time.

been run. 9.2.2.1 Ifthe change in meter readings per 10 min is always
, greater than or equal to this reference value, identify by
9. Calculations inspection the largest of these changes and record this value, in
9.1 Minimum Detectable Signal, Test Method A meter scale divisions per minute, as the drift.
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9.2.2.2 If the change in meter readings per 10 min is always Note 7—In some applications it may be desirable to perform a test at
less than this reference value, calculate the total change in tffegiven leak value. In such cases, at least two calibrated leaks of
60-min period. Divide the total change value by 60 and recordPProximately the desired value should be used for calibration. A
the result as the drift. calibration based on a single leak value is not recommended.

9.2.3 Calculate and record the differences in meter readingfo_ Report
between the maximum and minimum signals for each of the . .
10th minute intervals including the first minute. By inspection, 10-1 Report the following information:
identify the largest of these differences and record this value in 10-1.1 Date of tests;

meter scale divisions as the noise. 10.1.2 Identification of operator;
9.2.4 Carry out 9.1.5-9.1.5.2 (Note Section 9). 10.1.3 For each calibration leak used,
9.3 Minimum Detectable Leak Rate 10.1.3.1 Serial number of leak;
9.3.1 For each calibrated leak, calculate and record the net 10.1.3.2 Manufacturer;
output readingN = A — B, in meter scale divisions. 10.1.3.3 Type of leak (diffusion or capillary, with or without

9.3.1.1 If the leak detector has been set at reduced sensitiintegral reservoir);
ity (higher range), corredy accordingly and record the result  10.1.3.4 Supplier’s labeled leak rate, atm?esn(or
in equivalent meter scale divisions at full sensitivity setting. Pa-ni-s%); and
9.3.2 If the temperature recorded in 8.9.13 differs from that 10.1.3.5 Temperature coefficient;
at which the calibrated leak was calibrated, calculate and 10.1.4 Test temperature, °C;
record an adjusted leak rate using the temperature coefficient 10.1.5 |dentification of leak detector;

supplied by the manufacturer. 10.1.6 Drift, meter scale divisions per minute;
9.3.3 Calculate and record the minimum detectable leak rate 19 1.7 Noise. meter scale divisions:

(always express the minimum detectable Ie_‘"‘k rate for a 109.1.8 Minimum detectable signal, meter scale divisions;
response timd) in accordance with the relation: 10.1.9 Response tim@, s:

minimum detectable leak, for response tifhe 10.1.10 Background reading, meter scale divisions;

) . . . 10.1.11 Net output readingN, meter scale divisions;
librated leak rati detectabl | .

_ (calibrated leak ratingminimum detectable signa 10.1.12 Minimum detectable leak for response timend

N
. . . 10.1.13 Sensitivity.
where calibrated leak rating = value recorded in 9.3.2, unless

the calibration and test temperatures are the same,Nand 11. Precision

= signal due to the calibrated leak as recorded in 9.3.1. ] ) o ]
9.4 Sensitivity 11.1 A round-robin evaluation of the precision of this test

9.4.1 Plot net meter readings against corrected leak rate fethod indicates that a 3-sigma limit &0.33 is typical of the
atm-cn¥/s (or in Pa-1#s) on log-log paper for all leaks. results that can be expected when commercially available
9.4.2 Calculate the coordinates of two convenient points osalibrated leaks are used to calibrate a helium leak detector (see

the line of best fit to the plotted points by the least square§NNEX A2). _ o
method in accordance with Annex Al and draw the best-fit ine 11.2 The upper and lower 3-sigma limits are separated by a
on the plot as a solid line. Record the slope of the best-fit lindactor of 4.5.
as the SenSitiVity' Note 8—If more precise calibration of a leak detector is desired, the
9.4.3 On either side of the solid line, construct dashed linegarties to the test should agree to select leaks for which the data points
to represent a 3-sigma limit 0f£0.33 in accordance with when plotted in a manner similar to that of Annex A2 fall within either
Annex A2. 2-sigma or 1-sigma limits.
9.4.4 Examine the plot. Reject all detector calibration data
from leaks for which the plotted points lie outside the dashed-2- Keywords
lines. 12.1 leak detection; minimu leak rate; vacuum devices
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ANNEXES

(Mandatory Information)

Al. CONSTRUCTION OF LINE OF BEST FIT

Al1.1 The equation for the line of best fit can be determined log 2.3X 1077 = 3.36173— 10 = —6.63827

by the least squares method. The equation may be expressed as: y(net output)

y=a+ bx log 12=1.07918

log 170= 2.23045

where: °d
y = net output in divisions, log 1000= 3
a = intercept, Slogx = —22.62755
b= slope, and Slogy = 6.30963
x = leak rate of standard, atmos dsec. 9y ="

S (log x)? = 172.633083 (log x X logy) = —45.67481
Al.2 Since the data are expressed in logarithms, the line Al4 Since the number of standard leaks tested in our
equatior? will be: example is 3.14 = 3), then
_ 3(—45.6748) — (—22.62755(6.30963
3(172.63308 — (—22.62755°

logy = a + blogx

then
b nS (logx X logy) — 2 logx X 2 logy
ns (log x)> — (= log x)* b = 0.97519
and a = %3[6.30963 — 0.97519 (—22.62755)]
a=1Mn(Zlogy — bS logX) a = 9.45859

Hence, in our example the line of best fit will be

wheren = number of standard leaks being tested.
logy = 9.45859+ 0.97519 logx

Al.3 The summation ok andy is mathematically ex- A1 5 To construct this line select two points such as°10

pressed as: and 10° atm-cni/s.
Slogx = Z;_,"logx Substituting these values into the equation we have
Slogy = =i _,"logy, log 10°° = 1.00000— 10= —9

For example, assume three leaks, 2.80°°, 4.1x 1078,
and 2.3x 107 atm-cni/s, have been tested and net output
readings of 12, 170, and 1000 divisions have been obtained log 10°° = 4.00000- 10 = —6
from the respective leaks (see Fig. Al.l). Expressed as Case | (10° atm-cni/s):

i 6 .
logarithms” we have: logy = 9.45859+ 0.97519(—9)

and

X (leak rate)

logy = 0.68188
log 2.5% 107° = 1.39794— 10 = —8.60206 y =48
log 4.1%x 108 = 2.61278— 10 = —7.38722 Case Il (106 atm-crﬁ/s):
logy = 9.45859+ 0.97519(—6)
5 Crow, Davis, and MaxfieldStatistics ManualDover Publications, Inc., New logy = 3.60745
York, N.Y. y —4.1x% 103
8 For ease of computation the logarithmic values have been expressed as negative o ) ) ) ’
numbers. This line is shown in Fig. A1.1.
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FIG. A1.1 Net Output Reading versus Corrected Leak Rate for Calibration of Helium Leak Detectors

A2. CONSTRUCTION OF SIGMA LIMITS

A2.1 Around-robin test has determined that a 3-sigma limit
of £ 0.33 is the best that could be expected from the usual rum our example the 3-sigma limits would be Igg+ 0.33 in

of purchased leaks. The sigma value has been determined frogase | and Case II.

the equation: Case I:
o= - 25 %0 -2 logy = 0.68188+ 0.33
where: logy = 1.01188 or 0.35188
n, = number of tests by each participant, and' y =1.0x 10'0r 2.3
s = standard deviation from each participant’s test data.
In general,s can be obtained from: Case Il

logy = 3.60745- 0.33
logy = 3.93745 or 3.27745

s=Vy-y/(h-2

where:
y = output reading of the leak detector, and y =87x10%0r 1.9 10°
y» = calculated value by least squares method. These values are shown in Fig. A1.1 as the 3-sigma limits.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



