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 Topic-  Pressure  sensing capsules 

The pressure-sensing capsule adapts the diaphragm sensing principle to allow 

measurement of low pressures that would otherwise require an impractically 

large and thin diaphragm. 

The capsule comprises two diaphragms, welded at the edge, to allow the 

pressure media to act on both simultaneously. The resulting structure displays 

twice the displacement, relative to the pressure applied, compared to a single-

diaphragm. 

Pressure sensing can be done using a single capsule, as shown in the first 

diagram below, or using a stack of capsules as shown in the second 

diagram. Some capsules also feature profiling (such as the corrugations shown 

below, right) to optimise linearity and mechanical strength. 

   
A single capsule 

 

 
A stacked capsule 

 
 
 
 
 

 
 
 

A profiled capsule 



 

Advantages and disadvantages 

Stability, simplicity and its small-size are the main advantages of the pressure-

sensing capsule - as well as its ability to measure lower pressures, compared 

with a diaphragm sensor of a similar size. 

However, the capsule does not self-drain so it is not suitable for measuring 

pressure in liquid media. 

 Bourdon tubes 

A Bourdon tube can be either c-shaped or helical, with an oval cross section. 

When the pressure media enters the tube, the pressure acts to change the oval 

towards a circular cross section. The effect of this distortion causes the tube to 

move – opening the c-shape, or extending the helix. The closed end of the tube 

is attached to a movement, so that displacement causes an indicator needle to 

deflect. The deflection can be measured on a scale, calibrated to represent the 

pressure exerted by the media. 

The diagrams below illustrate the operating principle of the c-shaped and helical 

Bourdon tube, respectively. Alternatively, the movement mechanism can be 

attached to a potentiometer to provide an electrical representation of the 

pressure. 

Depending on application requirements, such as corrosion resistance, cost, size, 

measurement range, proof pressure, and burst pressure, the tube may be made 

from a metal such as copper, brass, aluminium, or a nickel alloy such as monel. 



 

A cross-section of a C-shaped Bourdon 

tube 

 

A helical Bourdon tube 

Advantages and disadvantages 

The operating principle of the Bourdon tube is well understood, and tube-

production techniques are mature. 

However, the minimum measurable pressure is about 600mbar. In addition, 

miniaturisation can be difficult, and liquid pressure media cannot drain fully 

from the tube. Drainage may not be a problem if the media is inert. However, 

other types of media may decompose or solidify, impairing function or 

accuracy, and possibly contaminating fresh media. 

  



 

 

Bellows sensing elements 

The bellows sensing element 

is a container that expands in 

response to the force applied 

by the pressure medium 

within. The bellows is 

typically made from a metal 

such as phosphor bronze, 

brass, beryllium copper, or 

stainless steel. It can be 

machined from solid stock, 

rolled from tube, or fabricated 

with a series of welded annular rings. 

An internally mounted - or external - spring enhances the bellows’ response to 

positive- and negative-going pressure changes. As a result, the deflection 

characteristics are a combination of the mechanical properties of the bellows, 

and those of the spring. 

An attached mechanical movement converts the expansion and contraction of 

the bellows due to changing media pressure into a proportional deflection of the 

pointer to indicate the pressure on a calibrated scale (see diagram to the right). 

In this sense the bellows is quite similar to the Bourdon tube. Alternatively, the 

movement may be attached to a potentiometer to provide an electrical analogue 

of the applied pressure. 

 

Advantages and disadvantages 

Advantages of the bellows sensor include simplicity, low cost, and the ability to 

connect directly to a pointer. The movement and pointer can be designed to give 

a large change in indication relative to the change in unit pressure, resulting in 

high resolution. 

The bellows must operate within the elastic limit defined by the material and 

construction. And the mechanism can fatigue over time. As with capsules, 

drainage can be a challenge that may complicate use with liquid media. 

However, the bellows can be filled with an inert liquid, such as oil, and the open 

 
The Bellows operating principle 



end sealed with a diaphragm to create an element suitable for monitoring liquid 

pressure. 

Modern pressure sensors for automotive, medical, industrial, consumer and 

building applications will typically use diaphragm or capsule elements due to 

factors including space constraints, measurable pressure requirements and 

durability. Understanding how they work should allow you to make an informed 

decision on the type of element your sensor will require. 

 

 

 

 


