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Abstract. The customer’s trust is the most important topic for producers and 
packers of foods. Leaky packages and spoiled foods are responsible for a substantial 
amount of the decrease of trust.  Previous methods of leak detection like the water 
bath method do not yield safe and consistent results.  Other methods like the 
detection of CO2 can only be used for a small fraction of food packages.  
 The presented INFICON Contura S400 leak detector delivers a safe, fast, non-
destructive, tracer gas independent and reproducible method for leak detection for a 
wide range of solid and flexible food packages. The detectible leaks range from 
1x10-3 mbar l/s, comparable to 10 µm pinholes, up to completely open packages. 
The unique combination of the pressure increase method inside of a flexible foil 
chamber and volume measurement of the packages allows for this wide detection 
range. Details of the methods and applications of the INFICON Contura S400 leak 
detector are shown and discussed in this presentation. In addition we give an outlook 
to further application of this method for automated spot and 100 % checks. 

Introduction  

Checking food packages for leaks provides a number of challenges. First, the shape of each 
food packaging is different. The tolerances with respect to capacity and shape are usually 
very large, even within one product. The volumes of typical packages vary from a few 
milliliters, e.g. single coffee capsules to several liters. The filling gas used also varies 
greatly. Packages are filled with air or special gases such as CO2, argon, oxygen, depending 
on the content and function.  
 

1. Pressure increase method 

The pressure increase method provides a universal solution to measure a variety of 
packaging [1]. A pressure differential between package and measuring chamber is most 
created by the evacuation of the chamber to a target pressure. Gas flows out of the 
packaging trough fine leaks and accumulates in the measuring chamber. The accumulation 
of gas in the chamber leads to a pressure increase. The leak rate q can be easily calculated 
with the increase in pressure ��, in the time interval �� and with the given volume �� of 
the measuring chamber at the given pressure difference between packaging and 
environment. 

More info about this article: http://ndt.net/?id=19774
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For packaging this measuring method is difficult to achieve with a rigid test chamber. 
Packagings are usual flexible i.e. they are easy to deform. Evacuating the chamber initially 
expands the packaging. As long as the packaging freely expands in the chamber, no 
effective pressure difference between packaging and environment can be archived. In this 
case the pressure increase method doesn’t work. The ambient pressure has to be reduced 
such, that packaging becomes to be bulging. In this way a pressure difference can be 
achieved. However it is difficult to find the precise timing to stop evacuating, without 
bursting the packaging. A way to solve this problem is to adjust the shape of the measuring 
chamber to the tested product. This prevents the expansion of the packing beyond its limit 
of stability and supports it. Measuring the chamber pressure may be reduced to a few mbar 
without overstressing the packaging. To do so a special measuring chamber is required for 
every type of packaging. However the tolerances of packaging are often very large, so it is 
difficult to design a measuring chamber that fits for all packages.One solution is the 
flexible foil chamber, as was already realized in the INFICON Contura Z. 

2. Pressure increase method in a flexible foil chamber  

This special chamber consists of two superposed flexible foils, which enclose the test object 
(Figure 1). Here the vacuum chamber consists of the space between the flexible foils. If the 
chamber is evacuated, the ambient pressure leads to a adapting of the foils to the shape of 
the packaging.  
Think of the foil chamber acts as a secondary packaging.  
In the intermediate volume between the foils and the package, the pressure can be lowered 
down to a few mbar without inflating and stressing the packaging. 

 
Figure 1: The basic principle of the foil chamber. 

  

Gas conducting layer  

The foil on the foil chamber inside are structured or coated with a gas conductive substance 
in order to maintain the gas flow between of the foil chamber and the pump. This layer can 
be made of a fleece ore a sponge like material. The chamber volume for the accumulation is 
formed within this gas conduct layer. The foil chamber volume is very small and is mainly 
determined by two factors: The surface of the foils and the thickness of the gas-conducting 
layer. Depending on the shape of the packaging and the elasticity of the foils, smaller 
additional volumes can be formed, especially at edges and strongly concave surfaces of 
packaging (Figure 3). The total volume of the chamber depends somewhat on the type and 
position of the object. However the knowledge of the exact chamber volume is required in 
order to determinate the exact leak rate out of the pressure increase. This is discussed later.  
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Accumulation phase 

After evacuation of the foil chamber, the valves between the chamber and pump are closed 
and the pressure is measured over a suitable period of time. The pressure increase is 
calculated from the pressure plot afterwards. The accumulation phase is divided into two 
different parts, independent of the leak rate of the packaging: balance of pressure within the 
foil chamber and pressure increase due to leaking. In the first seconds the balance of 
pressure dominates between the foil chamber and the valve block containing the pressure 
sensor. The flow rate of the gas-conducting layer is limited; therefore the pressure inside of 
the foil chamber is somewhat higher than at the point of measurement. In contrast to a rigid 
chamber, the pressure can’t be measured directly within the foil camber. The pressure is 
measured on the edge of the foil chamber. Initially the pressure increase (dp/dt) is rather 
high. This initial change in pressure do to balance of pressure decreases quickly 
(approximately exponentially with time). The process typically requires between two and 
five seconds, depending on the type and size of the packaging. During this time a 
quantitative determination of the leak rate of the packaging cannot be made, due to the fact 
that the measured pressure increase depends on shape and position of the tested product and 
of the amount of trapped gases. When the pressure balance is reached, the outgassing 
dominates the pressure increase in case of a leak proof packaging. Two physical processes 
are responsible for this: desorption of gases from the surfaces, and permeation of gases 
through the materials/elastomers of the foil chamber. The time dependence of the sum of 
desorption and permeation can be approximated as a potential function.  
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The parameter n lies between 1 (only surface effect) to 0,5 (only bulk effect). 	 is a 
constant and is proportional to the pressure increase at the time t = 1 s.  
The amount of outgassing depends on the material foil chamber and the gas-conducting 
layer. A smart choice of the foil material is substantial for an optimal combination of good 
mechanical properties, like maximum stretch ability, low modulus of elasticity, resistance 
of tear propagation, little outgassing and low permeation. 

 

 
Figure 2: The pressure increase is shown as function of time. The measured pressure increase is the sum of 

outgassing, pressure equalizing and leaking of the packaging. 
 

The rather high amount of outgassing of the foil chamber compared to a rigid one leads to a 
non-negligible pressure increase even in case of a leak proof packaging or even an empty 
chamber. To evaluate the leak rate of a package, the pressure increase of a leak proof 
packaging or an empty chamber must be known. This is done by a preceded reference 
measurement of an empty chamber. 
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Reference measurement  

However, a simple subtraction of the reference measurement will not be successful. The 
volume of the foil chamber depends on the packaging tested, which is shown in figure 3. At 
a given leak rate the pressure rises slower in a larger volume than in small one. To solve 
this problem a method of volume determination for each individual measurement is 
necessary.  
 

 
Figure 3: The Volume of the foil chamber depends slightly on the shape of the packeging. The elastic 

membran is limit to adapt on the shape of the product. Additional volumes are formed especially at concave 
shapes. 

Determination of the foil chamber volume  

The method of volume determination shown here is based on adding of a defined amount of 
gas to the foil chamber. A simple implementation is follows. A small calibration volume is 
connected with the foil chamber via a valve. This small calibration volume is filled with air 
at a known pressure (figure 4), in e.g. at 1 atm. The valve is opened after the accumulation 
and the measurement of the pressure increase. The gas flows from the calibration volume 
into the foil chamber. The pressure in the foil chamber is rising until the pressure balance 
between the calibration volume and the foil chamber has been achieved. The pressure 
change in the foil chamber is proportional to its own volume. In this way it is possible to 
obtain the required chamber volume for every single measurement.  
 

 
Figure 4: Basic principle of determination of volume of the foil chamber. The unknown volume v1 can be 

measured with the known pressure and volume of the calibration volumen in addition with the measurement 
of the pressure before and after opening the valve in the chamber volume. 

 
The ansatz for calculating the unknown chamber volume from the pressure rise is as 
follows: Before and after opening the valve between foil chamber und calibration volume 
the amount of gas � � � stays constant. The change of state is isothermal because the large 
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surface of the foil chamber operates as a heat bath. For the two cases empty (1) und filled 
(2) foil chamber, the following two equations describe the system: 

 
1: �� � �� + �� � �� � ��� � (�� + ��) 
2: �� � �� + �� � �� � ��� � (��+��) 

 
The chamber volume in the case of a filled foil chamber is then given by:  

 

�� � 	
∆��

∆��

(�� + ��) +
(�� − ��)

∆��

�� − �� 

 
�� and �� are the pressures before connecting the calibration volume. ��� and ��� are the 
pressures after the connection and ∆�� � ��� − �� and ∆�� � ��� − �� describes 
pressure differences between the open and close situation of the valve for an empty and 
filled chamber. The volume �� of the empty foil chamber is determined once by a 
calibration measurement. The calibration volume ��and the pressure inside ��	are constant 
and known and calibrated in the same way. Typically the calibration volume is small 
compared to foil chamber volume and the difference in the pressures �� und �� is small or 
in the same order of the pressure difference ∆�� the equation can be simplified to: 

 

�� ≈ 	
∆��

∆��

�� 

 
In the easiest way, the volume of the filled foil �� chamber can be determined from the two 
measured pressure differences ∆�� und 	∆�� of the empty and filled foil chamber and the 
volume of the empty foil chamber ��.  
 

 
Figure 5: The pressure plot in the case of a empty chamber (up, blue) and in the case of a filled chamber 

(down, red) is shown. The pressure difference of a filled chamber is smaller compared to the empty chamber 
due to the dead volumes produced by the product.  

 
Once the volume ��	of the foil chamber is determined, the leak rate of the packaging �� 
can be calculated with the actual foil chamber volume �� the measured pressure increase 
��(����)

��
 at the time �� and the reference leak rate of the empty chamber ��(��). 

�� � 	
��(� � ��)

��
�� − ��(� � ��) 

The reference itself ��(� � ��) is obtained by a calibration measurement of an empty 
chamber.  



6 

Accuracy of the method  

The measurement precision of the leak rate depends on the precision and stability of the 
reference leak rate ��(��), the precision of the measurement of the pressure increase and 
the actual foil chamber volume. In general, the sensitivity decreases with larger chamber. 
This is due to certain reasons. First of all, a larger foil chamber has a bigger volume. 
Because of this, the measured pressure rise of a given leak is smaller and thus harder to 
obtain. The larger surface of the chamber leads to a higher reference leak rate ��(��). and 
hence to a larger uncertainty. The smallest detectable leak rate is 1x10-3 mbar l/s at a total 
chamber size of approximate 30cm x 40cm and 10s time of accumulation. This is 
comparable to water bath tests. In general the pressure increase method in a flexible foil 
chamber works fine for leaks in the order 10-3 mbar l/s up to 100 mbar l/s.  

Limitations of the pressure increase method 

Troubles arises (depending on the particular product) when there are very large defects of 
the packaging like slits or complete open sealing. In the case of so theses called gross leaks 
the packaging is pumped out completely during evacuation. If no gas is left in the 
packaging, no pressure increase can be measured during accumulation. This leads to the 
awkward situation, that packaging with large defects are measured as leak proof. This 
likely happens for packaging with small amount head space. This problem can be solved 
with several methods. Two of them will be discussed here. First it is necessary to divide the 
packing into two different types. On the one hand there are rigid packages like cans, 
capsules or bottles, on the other hand there are the soft packages like blister and bags.  

3. Grossleak detection of rigid packages within the flexible foil chamber [2] 

In the case of rigid packaging the volume determination of the foil chamber can be used. 
The product volume and the outer shape are constant while the packaging is pumped out 
during evacuation of the foil chamber. As described before the foil chamber volume has to 
be quantified in each measurement to calculate the actual leak rate based on the measured 
pressure increase.  

 

 
Figure 6: In the case of large holes inside a solid product, the foil chamber volume is increased by the internal 

volume of the product. This increase can be used to detect gross leaks. 
 
Figure 6 shows the foil chamber volume in two cases: For leak proof and a gross leak rigid 
packaging. In the case either of a leak-proof packaging or in a case the existence of only a 
small leakage, the foil chamber volume only consist of the gas conducting layer and dead-
volumes, which are formed by no perfect adaption of the flexible foil on the packaging. In 
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the case of a real damage of the packaging, the internal volume of the packaging becomes 
part of the foil chamber volume. If the foil chamber volume is known, it is possible to 
determinate the difference to a chamber filled with a packaging. This difference in chamber 
volume depends on the existence of a gross leak. The additional measured volume is 
typically the headspace volume of the packaging. The precision of the chamber volume 
measurement is 1 ml for a foil chamber of round about 40cmx30cm. Therefore only a few 
ml of free headspace is required for successful gross leak detection. Just like in the case of 
the pressure increase measurement the reproducibility and precision mostly depends on the 
size of the foil chamber. The foil chamber volume of the empty chamber rises for larger 
chambers, which leads to a smaller ratio between foil chamber volume and headspace 
volume of the packaging, thus reducing the accuracy of the gross leak detection. The 
method works in many cases also for soft packaging. The existence of enough free volume 
in the packaging is the only required condition. An example is given in figure 8. The 
condition for free volumes is often given in cases, where many products are within on 
packaging. Examples are sweets like jelly beans, bonbons and cakes or other products like 
coffee beans and so on. However, in many cases the foil chamber measurement is not 
accurate enough to detect gross leaks in soft packages. Many soft packages don’t have 
enough head space to use this method of gross leak detection. For this case a different 
solution is necessary. 

 
Figure 7: In many cases of soft packagings the free space between the products can be measured und used for 

gross leak detection. 
 

4. Gross leak detection of soft packages within the foil chamber [3] 

Soft packages with gross leaks are shrinking during the evacuation of the foil chamber. 
This change in the volume of the packaging can easily be used to detect gross leaks. The 
principle of the determination of the actual packaging volume is shown in figure 8. The 
flexible foil chamber is enclosed by two rigid caps. The volume inside the caps can be 
isolated from the surrounding by a valve. Both caps are connected together with a tube in 
order to achieve pressure balance between each other. A connected sensor measures the 
pressures in these caps. However in most cases it is of advantage to use a differential 
pressure sensor for the determination of pressure difference between the outside and the 
inside of the caps. The measurement of the packaging volume starts with equalizing the cap 
pressure with the surrounding by performing a measurement of an empty chamber. In the 
moment the chamber is evacuated the valve between the surrounding and the caps is 
opened. Air is flowing into the caps enclosing the foil chamber until the pressure balance is 
reached. Afterwards the valve between the caps and environment is closed. In the following 
measurement, when a product is placed in the chamber and the foil chamber is evacuated, 
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the volume of the product reduces the air volume of the isolated caps, hence the pressure 
inside of the caps is raising proportional to the actual product volume. The relation between 
measured pressure and packaging volume is determined by a calibration measurement of a 
known test volume. The cap volume is chosen in this way that the pressure increase is high 
enough that it can be easily measured. However the pressure shouldn’t be too high in order 
to prevent too much force on the packaging. A pressure of~50 mbar is convenient. For a 
packaging of 0.3 l a cap volume of 10l fulfills that condition. Gross leak now detection 
works in this way that the volumes of the measured packages are compared with the 
nominal volume. If the measured volume is too small, then a gross leak in the package is 
given. The reproducibility of the volume measurement was measured to be +/- 5 ml for a 
cap volume of 15l and a product volume of 200ml. The measurement has to be re-
referenced from time to time, because of changes in temperature in the caps and pressure 
changes of the surrounding. Both effects lead to a small signal drift of the measured product 
volume on the order of 0.5 ml per measurement. Gross leak detection via the measured 
product volume only works in the case that the number and the type of the packaging tested 
stays the same. The system has to have information regarding the value of the volume of 
each investigated type of packaging. The difference in the volumes of a leak tight and a 
gross leaking packaging should be large enough to distinguish. With this method of the 
measuring the packaging volume in combination with the pressure increase method in a 
flexible foil chamber it is possible to detect small leaks from 10-3 mbar l/s up to the gross 
leaks of completely damaged packaging. Since this method is intended particularly for the 
measurement of identical packaging types, it is suitable for automated measurements in 
which massive leaks are not detected by an operator.  
 

 
Figure 8: Working principle of the volume determination of the packaging. Left the situation of leak proof 

packaging is shown, right in the case of a gross leak. The difference in the pressure inside the caps is 
illustrated by the blue dots.  

Conclusion an realization example  

An example for the combination of volume determination and pressure increase method in 
a flexible foil chamber is the INFICON Contura S400. This device is an alternative 
instrument to the water bath method. With a capability of three tests per minutes it is fast 
enough for sampling inspections. Figure 9 show a measurement on an empty beverage 
bottle and illustrates the working principle of the flexible foil chamber. The transparent 
caps are used for the volume determination of the packaging and therefore the gross leak 
detection. Leakages down to 1x10-3 mbar l/s can be measured. The live time of the 
membranes is typically more than 100000 cycles and can be exchanged quickly if 
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required.The measuring principle can in principle be fully automated so that a system with 
multiple chambers is able to perform 100 % production tests. However, this device is meant 
to be used for food packing, but it has capability to be used also for different products or 
parts usual checked in water bath until now.  

 
Figure 9: picture of an Contura S400. It is a realization of the combinated volume and pressure increase 

measurement.  
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