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Rudder Control Loop 
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δ       rudder angle signal  

δd     rudder demand signal     δc = δd - δ 

δc     rudder command signal  

 

 

This loop positions the rudder and is controlled by the rudder demand signal δd  from a 

hand helm (fixed wheel or portable hand unit )  or the controller of an autopilot .  

 

The rudder demand signal is compared with a rudder angle signal  δ from the rudder 

repeatback unit to produce a rudder command signal δc  . The rudder command signal 

energizes the appropriate solenoid on the direction control valve .  

 

The rudder moves to an angular position where the rudder angle signal and rudder demand 

signals are equal  . The rudder command signal is zero . This is termed FOLLOW UP  

action since the rudder position will follow changes of the rudder demand signal from the 

steering wheel . The helmsman employs this action to steer the ship and maintain the 

lubber line on a demanded heading .  

 

Manual Steering  
 

The navigator instructs the helmsman (or wheelsman) to steer a demanded heading using 

the gyrocompass or magnetic compass .  

 

The helmsman visually assesses , on the compass , the difference between the demanded 

heading and the direction of the ship’s head as indicated by the compass lubber line .  This 

difference is termed the heading deviation or heading error . 
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In order to reduce the heading deviation the helmsman turns the steering wheel and 

generates a rudder demand signal which activates the steering gear and positions the 

rudder.  

 

The helmsman observes the position of the rudder on the rudder angle indicator . When the 

ship’s head begins to swing toward the demanded heading he will position the rudder 

amidships . He may position the rudder in the opposite direction , termed counter rudder , 

so that the ship , due to  its large inertia , comes to rest pointing in the correct direction 

without overshoot .  

 

He must then maintain the lubber line as close as possible to the course , or intended 

heading , he has been instructed to steer .  

 

The overall performance of a ship being manually steered is greatly influenced by the 

ability of the helmsman  . His reactions are based on an overall assessment of the 

information he receives in the form of visual signals , both quantative , from the rudder 

angle indicator and compass , and subjective in the form of visual clues from the external 

environment .  

 

Manual steering is necessary in port approaches and heavy traffic where specific course 

alterations are required ;  the helmsman may sometimes be instructed to apply  various 

degrees of rudder angle .  

 

Abilities of a Helmsman  
 

The abilities of an experienced Helmsman in a manual steering loop are : 

(i) Knows how many degrees of rudder to apply for a given heading deviation  

(ii) Knows if a ship requires permanent helm to counteract a constant disturbance 

(iii) Knows if counter rudder is required to prevent overshoot  

(iv) Knows not to apply any rudder unless the ship veers off the demanded heading 

beyond a certain limit .  

 

 

AUTOPILOT OR  AUTOHELM 
 

The automatic steering gear should be as good as an experienced Helmsman . Most 

automatic steering systems can be designed to give a more consistent and desired standard 

of performance . The disadvantage of a human operator as part of a continuous feedback 

control loop are : 

(i) attention can wander  

(ii) fatigue and mental stress can affect performance 

(iii) high cost of man hours  

 

An automatic steering system , autopilot or autohelm , should perform two main functions : 

 

(i) deviate ship’s heading as little as possible from course despite external disturbances 

from wind and sea , this is termed COURSE KEEPING . 



3 

 

(ii) Change course smartly with minimum overshoot , this is termed COURSE 

CHANGING .  

(iii)  

Both the above should be accomplished with minimum rudder movement to minimize  
 

(i) steering gear wear which can ultimately degrade steering performance . 

(ii) drag , to keep fuel consumption low  

 

Maximum fuel economy ,assuming constant thrust power , requires the sailing distance to 

be covered in minimum time . This requires reduction of course errors , which can cause 

elongation of distance (negligible effect ) , and the reduction of rudder drag with 

consequent loss of forward speed . 

 

AUTOMATIC STEERING CONTROL LOOP 
 

The navigator sets the course selector to the demanded heading ψd .  The heading demand 

signal is compared with the ship’s heading signal  ψ given by the gyro or magnetic 

compass and any difference , termed heading deviation ψe  , is processed by the controller 

to produce a suitable rudder demand signal δd . 

The rudder control loop , as previously described  , positions the rudder such that δ=δd and 

δc is zero .  

The ship’s heading ψ  will change and in a direction so as to reduce the heading deviation 

ψe .  

The only position of equilibrium , or steady state , is when the ship is on course and there is 

zero error in both control loops . 

 

 ψ = ψd  ;  ψe = 0    and     δ = δd  ;  δc = 0 

 

In practice the condition of equilibrium is disturbed by the ship’s propulsion and the effects 

of wind , tide and sea state . Wind and tide are often relatively permanent biases . In order 

to compensate for these disturbances the rudder demand signal is normally set , by controls 

within or on the controller , to equal the sum of a series of quantities derived from the 

heading deviation signal .  
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A flux gate system used in conjunction with a Magnetic compass 
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