
The relay valve 

 

 

The relay valve is the second main component of a pneumatic brake, and we’ll see that it is also a basis for 
the direct electropneumatic brake. 

We have seen that the distributor valve is the control component of the brake. But it delivers a brake cylinders 
pressure that is fixed and defined by UIC at a nominal value of 3.8 bar. 

However in some cases, it is necessary: 

• To be able to generate lower or greater maximum pressures, according to braking conditions. 

• To be able to adjust the brake force according to the load of the vehicle. 

In addition, for some applications (direct electropneumatic brake), the control component – i.e. the transducer 
– provides a flow that is dramatically insufficient to directly supply the brake cylinders: it is then necessary to 
amplify this flow. 

These functions are ensured by a relay valve, for which two versions are available: 

• The simple relay valve, fixed ratio. 

• The load variable relay valve. 

 

The simple relay valve, fixed ratio 

For those who practice (or practiced) electronics, the relay valve is for pneumatics what the transistor is for 
electronics. Indeed, it is on one hand able to amplify the air flow from a low control air low – the ait flow being 
comparable to the electric current – and on the other hand it can modify the ratio between the output pressure 
and the input one – the pressure being comparable to the electric voltage. 

The simple relay valve is in fact composed like the main portion of the distributor valve. 

 

Pressure increase 

When the control pressure (in yellow) increases, the balance is broken at the level of the main mobile portion: 
the hollow rod pushes up the supply check valve, and the supply pressure (in red) is delivered to the user 
circuit (in green). 

 



 

Simple relay valve, fixed ratio: pressure increase phase 

 

When the pressure in the user circuit reaches the value corresponding to the control pressure (by counter-
reaction on the mobile portion), the check valve closes. 

 

 

Simple relay valve, fixed ratio: stabilized pressure 

 

The ratio between the control pressure and the user pressure is simply a ratio between the surfaces of both 
plates on which they are acting. Thus it is possible to design: 

• Relay valves with a ratio of 1: the user pressure is equal to the control pressure. 

• Relay valves with a ratio lower than 1: the user pressure is lower than the control pressure. 

• Relay valves with a ratio greater than 1: the user pressure is higher than the control pressure. 

  



Pressure reduction 

When the control pressure decreases, the force exerted by the user pressure pushes down the hollow rod: the 
latter then is freed from the check valve, and the air can flow out from the user circuit through this hollow rod. 

 

 

Simple relay valve, fixed ratio: pressure reduction phase 

 

When the pressure in the user circuit reaches the value corresponding to the control pressure (by counter-
reaction on the mobile portion), the check valve closes. 

 

 

Simple relay valve, fixed ratio: stabilized pressure 

 

When the control pressure is stable, the balance is obtained at the level of the mobile portion: the check valve 
is closed, and the hollow rod is positioned against the check valve. 

 



Remark 

This system is self-regulated: if the user pressure slightly decreases following a leakage, the mobile portion is 
unbalanced and then delivers again air to the user circuit. 

 

The load variable relay valve 

The principle of the load variable relay valve is not only to amplify air flow and modify the ratio between control 
and user pressures, but also to enable the modification of this ratio in relation to pneumatic information 
representing the load of the vehicle. 

This load information is provided: 

• Either by a load sensor delivering an output pressure that is a function of the load applied on this 
sensor. Generally it is a piston installed between the car body and the bogie, or an elastomeric device 
which deformation is proportional to the load, and that is inserted inside the primary suspension (often 
the case for wagons). 

• Or by reading the pressure in the air bags of the pneumatic secondary suspension, for vehicles that 
equipped with such a suspension. 

 

Pressure increase 

When the control pressure (in yellow) increases, it exerts a force on the control plate, which in turn pushes 
down on one side of the balance arm. As a reaction, the latter provokes opening of the check valve, which in 
turns enable the supply pressure (in red) to be delivered to the user circuit (in green). 

 

 

Load variable relay valve: pressure increase phase 

 

When the balance is re-established by counter-reaction of the user circuit pressure; the check valve closes 
and the user circuit pressure is stabilized at a value corresponding to the control pressure. 

 



 

Load variable relay valve: stabilized pressure 

 

The ratio between the user pressure and the control pressure is defined by the position of the rotating point of 
the balance arm, this position being set by the load pressure issued by the load sensor or the pneumatic 
secondary suspension. 

Stops make it possible to limit the moving range of the rotating point of the balance arm, in order to limit the 
pressure in term of maximum as well as of minimum value. 

 

Pressure reduction 

When the control pressure decreases, the force exerted by the latter on the balance arm decreases and the 
balance is broken: the hollow rod is no more applied against the check valve, which in turn leads to decrease 
of the pressure in the user circuit through the hollow rod. 

 

 

Load variable relay valve: pressure reduction phase 

 



When the balance is re-established following the user circuit pressure decrease, the hollow rod comes back 
again against the check valve. 

 

 

Load variable relay valve: stabilized pressure 

 

In stable state, the check valve is closed and the hollow rod is applied against it, thus is closed: the pressure in 
the user circuit remains stable. 

 

Remarks 

This system is also self-regulated: if the user pressure slightly decreases following a leakage, the mobile 
portion is unbalanced and then delivers again air to the user circuit. 

Moreover, in order to avoid brake force variations during braking due to load pressure variations following 
dynamic movements of the car body in relation to the bogie, the rotating point of the balance arm can move 
only when not in braking phase, thus when the control pressure is nil. 

Le load variable relay valve can also be used for a function of relay valve providing two brake force levels. 
Indeed it consists in simply replacing the load pressure information by fixed pressure information delivered as 
a function of e.g. speed information. 

This, when no pressure is provided on the mechanism adjusting the rotating point of the balance arm, the relay 
valve has a defined and predetermined ratio. When a pressure is injected in this mechanism, the ratio of the 
relay valve is modified. This second value of the ratio is defined by this injected pressure. 

This principle is for example used on TGVs as well as on BB 26000 and BB 36000 of SNCF: a magnet valve 
injects, or not, a pressure in the mechanism adjusting the rotating point of the balance arm. This magnet valve 
is controlled as a function of speed, which makes it possible to reduce the brake force at high speed by 
reducing the maximum pressure delivered to the brake cylinders for the same maximum control pressure. 

 


