
Control and Monitoring 

Every activity we perform requires feedback.  If we try to perform a simple task like walking across a 

room to pick up a glass of beer with our eyes closed we will fail – open our eyes and it’s 

straightforward (unless it’s after the eighth pint of beer).  The reason is feedback – our eyes 

continually update our brain on our current position in relation to the glass so that the brain can 

instruct the muscles on the required movements. 

Controlling the power generation from a hydro electric plant relies on the same mechanisms. In this 

case the “eyes” are the sensors which measure the water levels, the “brain” is the Programmable 

Logic Controller (PLC) and the “muscles” are the electrical generator. 

The ultimate control task for the Havannah Weir hydro system is to maximise the power generation 

from the weir, whilst ensuring that sufficient water flows over the historic structure to maintain its 

visual appearance.  The flow over the weir needs the water level at the weir wall to be accurately 

maintained, but the hydroelectric generator (Archimedes Screw) provides a bypass channel for the 

water which would normally flow over the weir.  Therefore, the more water is flowing in the river, 

the more can be diverted down the screw channel without reducing the water level.   The control 

mechanism is to regulate the flow of water down the screw, whilst the primary measurement is the 

water level at the weir head.  Generating maximum power at all times relies on maximising the flow 

through the screw. 

The flow rate down the screw is controlled by varying its speed of rotation. Our system uses an 

electronic converter to control the speed of rotation of the electrical generator. 

 

 

 

The control mechanism used inside the circle on this diagram is known as a PID controller, and is 

integrated into the PLC. PID stands for Proportional, Integral and Differential.  It relies on amplifying 

the error between the measured level and the reference level and applying a corrective output 

signal to the rotation speed / flow control.  The P, I and D terms are internal settings which can be 

adjusted to optimise the proportional gain, the integral (or time-delayed) gain and the differential 

gain (which responds more strongly to rapid changes).  By optimising the settings the level can be 

maintained even if the flow rate in the river changes very rapidly (the River Dane is reputed to have 

the second highest rate of level change in the country). 



An additional level sensor is installed in the forebay tank at the top of the Archimedes Screw.  This is 

used to sense if there is any significant difference between the water level at the weir head and the 

inlet to the Archimedes screw.  The cause for this would be partial blockage of the metal grid at the 

water inlet due to debris.  When this is detected the heavy gang will be mustered armed with 

ancient agricultural implements to rake out the debris (with the hope that the recovered matter is 

purely vegetable or mineral and not animal). 

The level sensors themselves work on the principle of differential pressure measurement. The 

sensing element is a taut metal diaphragm located equidistant between two stationary metal 

surfaces, comprising three plates for a complementary pair of capacitors.  Pressure differences on 

either side of the diaphragm result in changes in the relative capacitor values as the membrane 

distorts.  These are electronically converted into an analogue current of between 4-20mA which is 

connected to the PLC input.  One of the chambers is at atmospheric pressure and the other 

measures the additional pressure due to the weight of water above it (i.e. proportional to the water 

level). 

 

 

Differential Pressure / Water Level Transducer  

The PLC also has a connection to the Siemens Mindsphere system.  This is a cloud based data 

acquisition and control system which allows system users to see current and historical parameters 

and is also used to raise warning and alarm conditions by mobile phone messages to system 

operators.  The main function is to record and communicate all the operational parameters of the 

generating system such as rotation speed, power generated, system temperatures, etc. However, 

the Mindsphere system will also collect rainfall data so that we will get advance warning of high (or 

low) levels of rainfall in the river’s catchment area, thus predicting when the system may need to be 

shut down.  This can be necessary under flood conditions as the downstream level can reach a point 



where the outlet from the screw is submerged so no effective power can be extracted.  Similarly, if 

the flow level in the river is too low, the water level at the weir can no longer be maintained with 

any flow in the screw. 

Hopefully, the extensive use of feedback in the control system will result in the hydroelectric 

generator operating like a well-balanced, highly trained athlete, not a staggering drunk reaching for 

that ninth pint. 

 

 


