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GUIDE OVERVIEW

What a steering system is designed to
do
A steering system converts helm or autopilot commands into controlled rudder movement and
gives the crew reliable directional control. It must continue to function under changing speed, sea
state and hydrodynamic load.

SCOPE
This guide covers common mechanical, manual-hydraulic, power-assisted and
electro-hydraulic arrangements. Actual yachts may use twin rudders, several pumps,
independent control stations, power steering and dedicated emergency systems.

By the end of this guide, you should be able to:
● Trace the steering chain from helm command to rudder movement and feedback.
● Identify helm pumps, control valves, power units, cylinders, tillers, rudder stocks and autopilot interfaces.
● Recognise leaks, air, electrical faults, mechanical play, abnormal loads and feedback errors.
● Understand what makes an emergency steering arrangement practical rather than theoretical.
● Ask better questions during purchase, survey, maintenance and offshore preparation.

CORE PRINCIPLE
A steering backup must survive the failure that removed normal steering. A second control
station is not independent if it uses the same failed pump, power supply, hydraulic line,
network or rudder linkage.

Safety
Steering gear can move suddenly with high force. Keep clear of tillers, rams, chains, quadrants and pinch points
whenever the system is powered or the vessel is moving. Secure and isolate equipment before inspection or
adjustment.

Educational guidance - not a substitute for manufacturer instructions, steering inspection, survey-report review or vessel-specific professional advice. 2
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SYSTEM OVERVIEW

From helm command to rudder
response
Directional control depends on five linked functions: command, control, power, mechanical
movement and feedback. A fault in any one can produce delayed, incorrect or lost steering.

HELM INPUT

Wheel, lever
or autopilot

CONTROL

Pump, valve
or electronics

POWER

Hydraulic or
electric drive

LINKAGE

Ram, tiller
and rudder stock

FEEDBACK

Rudder angle
and helm feel

Directional control depends on command, power, mechanical connection and reliable feedback all remaining intact.

The steering chain
● Command: The wheel, tiller, joystick or autopilot asks for a change in rudder angle.
● Control: A helm pump, valve, electronic controller or follow-up system interprets the command.
● Power: Manual hydraulic effort, an electric motor or engine-driven hydraulic pump produces movement.
● Mechanical connection: Rams, tillers, tie bars, chains or linkages transmit force to the rudder stock.
● Feedback: Rudder-angle sensors, helm feel and vessel response confirm what actually happened.

MANUAL HYDRAULIC

Helm pump moves fluid
directly to a cylinder

POWER-ASSISTED

Helm signal controls a
powered hydraulic unit

ELECTRO-HYDRAULIC

Electronic command drives
valves or power pack

MECHANICAL / CABLE

Wheel or lever moves a
mechanical linkage

Many yachts combine more than one arrangement, especially when autopilot and emergency steering are included.

OWNER INSIGHT
The helm can feel normal while the rudder does not reach the commanded angle. Visual
inspection, rudder-angle indication and full-travel testing help prove that movement is
reaching the steering gear.

Educational guidance - not a substitute for manufacturer instructions, steering inspection, survey-report review or vessel-specific professional advice. 3
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MAIN COMPONENTS

What owners should be able to identify
A clear, accessible steering compartment makes leaks, loose fasteners, wear and abnormal
movement easier to find before they become loss of control.

Component Purpose Owner focus

Helm pump or control head Converts wheel or lever movement into a
steering command.

Leaks, free play, abnormal effort, station selection,
mounting and correct fluid or electrical supply.

Power unit and pumps Provides hydraulic flow or powered steering
assistance.

Reservoir level, pressure, temperature, drive, filters,
power supply and standby arrangements.

Control and relief valves Directs flow, limits pressure and may isolate a
failed branch.

Labels, normal positions, leaks, manual overrides and
evidence of unauthorised adjustment.

Cylinders or rotary actuators Converts fluid power into movement at the
tiller or stock.

Rod condition, seals, mounts, pins, full travel, drift
and equal movement where several rams are fitted.

Tiller, quadrant or linkage Transfers actuator force to the rudder stock. Fasteners, keys, locking arrangements, bearings, tie
bars, welds and signs of movement or cracking.

Rudder-angle feedback Reports actual rudder position to displays and
follow-up controls.

Alignment, secure linkage, plausibility and agreement
with the rudder's physical position.

Stops and limit arrangements Prevents excessive rudder travel and protects
cylinders or linkages.

Condition, clearance and whether the cylinder or
control valve reaches its limit before structural stops.

PRACTICAL POINT Witness marks on fasteners, recorded rudder-centre measurements and photographs of the
normal linkage can help reveal movement after heavy weather, grounding or maintenance.

Educational guidance - not a substitute for manufacturer instructions, steering inspection, survey-report review or vessel-specific professional advice. 4
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STEERING ARRANGEMENTS

Manual, powered and electronically
controlled systems
The correct failure response depends on how the system creates force and how commands reach
the steering gear.

Arrangement How it works Owner considerations

Manual hydraulic The helm pump directly displaces fluid to a
steering cylinder.

Air, low fluid, internal leakage and hose failure affect
response; effort and wheel turns may increase if
assistance is lost.

Power-assisted hydraulic The helm controls a hydraulic power unit that
supplies higher flow or pressure.

Loss of power may leave slow manual steering, a
separate backup pump or no useful response
depending on design.

Electro-hydraulic follow-up Electronic commands operate valves or pumps
until feedback reaches the ordered rudder angle.

Requires control power, sensors, wiring and software
as well as healthy hydraulics.

Mechanical or cable A physical linkage, cable, chain or gearbox
connects helm and rudder.

Wear, stretch, corrosion, broken sheaves, seized
bearings and poor access can degrade or disconnect
steering.

Twin-rudder system A tie bar or separate actuators move two
rudders together.

One jammed rudder or failed tie bar can affect the
other; alignment and independent isolation matter.

Multiple control stations
● Confirm how command is transferred between wheelhouse, flybridge, wing stations and autopilot.
● A station selector or control network can become a single point of failure.
● Know which station has priority and how to take manual control.
● Test rudder movement and feedback from every station, not only that buttons illuminate.
● Emergency steering should remain usable if normal station selection or network control is lost.

SHARED
DEPENDENCY

Two wheels connected to one helm pump circuit provide operating convenience, not
necessarily redundancy. Trace the complete power and control path before describing
stations as independent.

Educational guidance - not a substitute for manufacturer instructions, steering inspection, survey-report review or vessel-specific professional advice. 5
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OPERATION AND CONTROL

Station selection, manual steering and
autopilot handover
Normal operation should make station priority, control mode, rudder response and feedback obvious. Changing
station or handing over from autopilot is a critical transition.

SELECT STATION

Confirm priority, mode and

active controls

COMMAND

Move wheel or lever and

observe response

CONFIRM

Compare indicator, gear

and vessel response

HANDOVER

Disengage autopilot and

take manual control

RESTORE

Return normal mode and

record abnormal behaviour

Station selection and autopilot integration can become single points of failure.

Operation Objective Owner focus

Taking a station Establishes which control position has authority. Confirm indication and actual rudder response, not only
illuminated buttons.

Manual hydraulic steering Uses wheel displacement and helm feel. Know normal wheel turns, effort, centre and response at
speed.

Powered or follow-up steering Uses pumps, valves and feedback to achieve ordered angle. Monitor power unit, pressure, alarm and rudder agreement.

Autopilot handover Returns directional control to the watchkeeper. Practise immediate disconnect and manual recovery.

Full-travel operation Confirms port and starboard range and stops. Avoid prolonged relief operation and inspect linkage
movement.

After maintenance or mode change Restores normal valves, stations and feedback calibration. Use a checklist and sea-trial confirmation where appropriate.

CONTROL MODE MUST

BE OBVIOUS
A watchkeeper should know immediately whether the autopilot, wheelhouse, flybridge, wing station or local
gear has command.



ABSOLUTE MARINE TECHNICAL GUIDES AMTG-008  |  UNDERSTANDING STEERING SYSTEMS

Educational guidance - not a substitute for manufacturer instructions, steering inspection, survey or vessel-specific professional advice. 6

RUDDER MACHINERY

Stocks, bearings, linkages and
steering loads
The steering gear must overcome the hydrodynamic load on the rudder while remaining securely
connected to the hull structure. Hydraulic pressure cannot compensate for a damaged stock, loose
tiller or seized bearing.

SPEED

Hydrodynamic load rises
rapidly with speed

SEA STATE

Following seas and yaw
increase steering demand

BALANCE

Rudder design changes
torque at the stock

DAMAGE

Bent linkage or fouling
can raise load suddenly

Area What to look for Why it matters

Rudder stock and tiller Corrosion, cracking, fretting, loose keys, clamp
movement, distorted fasteners or changed witness
marks.

Loss of the mechanical connection can leave
the helm and ram moving without controlling
the rudder.

Upper and lower bearings Play, stiffness, water ingress, noise, lubrication
condition and movement at the stock.

Excessive play affects alignment; seizure can
overload rams, valves and structure.

Gland or seal Leakage, hose connections, securing arrangements
and access for adjustment.

Water ingress may threaten the steering
compartment and equipment.

Tie bars and ball joints Wear, locking devices, bent components, corrosion
and freedom of movement.

A failed joint or bar can disconnect one rudder
or alter alignment.

Structural foundations Cracking, loose bolts, corrosion, deformation or
movement around ram and bearing mounts.

Steering loads must be transmitted safely into
the hull structure.

Stops and clearances Contact marks, bent stops, fouling hoses or cables and
unequal port/starboard travel.

Overtravel or obstruction can damage actuators
and reduce manoeuvrability.

AFTER IMPACT OR
GROUNDING

Normal helm feel does not rule out rudder damage. A grounding, line strike or heavy impact
justifies inspection of stocks, bearings, blades, linkages, alignment and surrounding structure.

Educational guidance - not a substitute for manufacturer instructions, steering inspection, survey-report review or vessel-specific professional advice. 7
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DEPENDENCIES AND RESILIENCE

What can remove normal and backup
steering together
Steering redundancy is often defeated by shared hydraulic reservoirs, power supplies, control networks, pipe
runs, feedback sensors or one common mechanical linkage.

SHARED HYDRAULICS

One reservoir, pipe or valve

feeds several stations

SHARED POWER

One DC bus or generator

feeds pumps and controls

SHARED CONTROL

One network or feedback

sensor commands all modes

SHARED LINKAGE

One tiller, stock or tie bar

connects every route

Independence should be assessed against hydraulic leak, blackout, network loss and mechanical jam.

Common dependency Failure effect Owner focus

Hydraulic reservoir and pipework One leak can drain several pumps or stations. Identify isolation, branch valves and remaining manual
capability.

Electrical supply Power units, solenoids, controls and feedback may share one bus. Trace emergency supply and local manual operation.

Control network Station selectors, autopilot and follow-up may share one controller. Retain non-follow-up or local control independent of the
network.

Feedback sensor One failed rudder-angle signal can confuse several modes. Know manual operation without electronic feedback.

Mechanical linkage A jammed stock, loose tiller or failed tie bar can defeat all controls. Inspect the complete load path and independent isolation
if fitted.

Compartment and access Flooding or fire can block pumps, valves or the emergency tiller. Operate backups from a safe and accessible position.

TRACE THE COMPLETE

PATH
A second pump or station provides little resilience if it still depends on the same ruptured hose, failed feedback
sensor or jammed rudder stock.
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CONTROLS AND AUTOPILOT

Feedback, sensors and hidden
dependencies
Autopilot operation can mask developing manual-steering problems because the drive
continuously corrects them. Manual control and physical rudder response should be checked
independently.

Element What it contributes Failure consideration

Rudder-angle sensor Provides position feedback to displays and
follow-up steering.

A loose arm or failed sensor can command incorrect
movement or show a believable but false angle.

Autopilot computer Calculates steering commands from heading and
navigation information.

Depends on power, sensors, control network and
the drive interface.

Autopilot drive Moves the steering gear using a hydraulic pump,
linear drive or mechanical connection.

May share the same ram or hydraulic circuit as
manual steering.

Station selector / network Transfers control between helm stations and
automated systems.

A single control fault can remove several stations
simultaneously.

Follow-up control Moves the rudder to an ordered angle and stops
when feedback agrees.

A feedback or valve fault can cause continuous,
delayed or opposite movement.

Non-follow-up control Moves the rudder while a lever or button is held. Useful as a simpler backup only if the power and
actuator path remain healthy.

Useful functional checks
● Compare indicated rudder angle with physical position at centre and near each limit.
● Test manual steering with the autopilot disengaged.
● Confirm autopilot changeover and disengagement from every operating station.
● Observe pump run time, noise and response to small and large commands.
● Confirm alarms for control-power loss, pump failure or feedback disagreement where fitted.

FAILURE ISOLATION The crew should know whether a faulty autopilot can be disconnected without removing
manual steering, and whether a jammed drive can physically obstruct the steering gear.

Educational guidance - not a substitute for manufacturer instructions, steering inspection, survey-report review or vessel-specific professional advice. 9
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MONITORING AND NORMAL VALUES

Recognising healthy response and
developing load
Useful steering evidence includes wheel turns, response time, rudder-angle agreement, hydraulic level and
temperature, pump behaviour, linkage movement and vessel response at several speeds.

COMMAND

Wheel, lever or autopilot

order

RUDDER ANGLE

Actual position, centre

and full travel

HYDRAULICS

Level, pressure, temperature

and leakage

MECHANICAL

Play, vibration, noise and

fastener movement

Compare readings and behaviour under similar speed, sea state and loading.

Observation What it may indicate Owner response

More wheel turns or delayed response Air, low fluid, internal leakage, worn pump or hose expansion. Reduce risk and inspect before the response worsens.

Rudder indicator disagrees Sensor linkage, calibration, network or mechanical slip. Use physical gear position and vessel response as
independent evidence.

Power unit runs continuously Internal leakage, valve fault, feedback hunting or high load. Monitor temperature and avoid damage while
investigating.

Hydraulic level falls Hose, fitting, cylinder, shaft seal or cooler leak. Locate leakage and preserve remaining fluid or isolated
circuit.

Abnormal noise or vibration Cavitation, bearing wear, loose linkage, structural movement or
fouling.

Inspect the gear and consider reducing speed.

Unequal port and starboard travel Stop, cylinder, linkage, feedback or rudder damage. Do not assume the displayed angle is correct.

KNOW NORMAL

STEERING EFFORT
Changes in wheel effort, response time, pump noise or rudder-angle agreement are often early warnings
before formal alarms.
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FAILURE AWARENESS

Common weaknesses and warning
signs
Steering failures often begin with small changes: more wheel movement, delayed response, pump
cycling, leakage, noise or disagreement between command and rudder angle.

Symptom Possible cause Why it matters

Wheel turns but rudder response is
slow

Air, low fluid, internal leakage, weak pump,
restriction or slipping mechanical connection.

Available steering rate may be inadequate in
confined water or heavy weather.

Rudder angle differs from command Feedback fault, loose linkage, valve issue, ram
leakage or mechanical obstruction.

The yacht may not respond as the helm display
suggests.

Pump runs continuously or frequently Leakage, control fault, air, drifting actuator or
autopilot hunting.

Can overheat the system and precede loss of
pressure or power.

Heavy or uneven helm Bearing friction, fouling, low assistance, damaged
linkage or asymmetric rudder load.

May indicate developing mechanical damage
rather than a helm problem.

Fluid level falls or oil appears in bilge Hose, ram, fitting, helm pump or seal leakage. Continued loss can remove steering and create
fire or pollution risk.

Knock, clunk or visible movement Worn pins, loose tiller, cracked mount, excessive
bearing play or damaged stop.

A mechanical disconnection can occur
suddenly under higher load.

Steering works at low speed but fails
under load

Weak pump, relief valve passing, internal
leakage, obstruction or damaged rudder.

Alongside testing may not reveal the offshore
failure mode.

DO NOT NORMALISE
IT

A steering pump that always needs topping up, a wheel that has gradually gained free play or
a familiar rudder-angle error is evidence of a defect, not a normal characteristic.

Intermittent faults matter
Loose electrical connections, contaminated valves and sensor faults may disappear during testing. Record the
circumstances, sea state, speed, station and system mode whenever abnormal steering occurs.

Educational guidance - not a substitute for manufacturer instructions, steering inspection, survey-report review or vessel-specific professional advice. 11
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OWNER CHECKS

Routine inspection and functional
testing
Owner checks should prove movement, condition and changeover without placing anyone inside
the steering gear's movement envelope.

When Useful checks

Before departure Inspect the steering compartment; check fluid level, leaks, hoses, rams, pins, tillers, fasteners, access and
normal valve or control positions.

Alongside test Move from hard-over to hard-over at each station; compare rudder indication and physical movement; listen
for abnormal pump or linkage noise.

Underway test Confirm response at realistic speed, manual control, autopilot engagement/disengagement and operation of
standby pumps or alternate modes.

After heavy weather Inspect witness marks, fasteners, mounts, hoses, bearings and tie bars for movement, leakage or impact
damage.

Routine service Follow fluid, filter, hose, bearing, seal, actuator, sensor and control-system maintenance requirements.

Useful spares and information
● Correct steering fluid, filters and seals where owner replacement is appropriate.
● Specified hydraulic hose and fittings only where a safe, rated repair can realistically be made.
● Pins, locking devices, lubricants and small linkage parts identified by the manufacturer.
● Independent handheld communications for coordination between helm and steering compartment.
● Current diagrams, emergency-steering procedure, valve positions and specialist contact details.

TEST WITHOUT
EXPOSURE

Nobody should stand within the travel of a tiller, ram or tie bar while steering is operated. Use
safe observation positions and clear communication between the helm and machinery space.

Work to refer
Rudder-stock inspection, bearing replacement, structural repair, pressure adjustment, ram overhaul, hose manufacture,
control-system configuration and diagnosis of persistent steering faults should be referred to competent specialists.

Educational guidance - not a substitute for manufacturer instructions, steering inspection, survey-report review or vessel-specific professional advice. 12
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RECORDS, SPARES AND SUPPORTABILITY

Keeping steering understandable and
recoverable away from support
Useful records identify hydraulic and control architecture, normal valve positions, fluid and hose specifications,
rudder limits, emergency setup and the parts or specialists needed to restore operation.

DIAGRAMS

Stations, pumps, valves

and linkages

PROCEDURES

Normal positions and

emergency sequence

SPARES

Fluid, filters, seals, hose

and selected controls

SUPPORT

Hydraulic, rudder and

control specialists

Records should allow another competent person to understand the system without relying on memory.

Area Useful evidence or provision Why it matters

Steering diagram Helm stations, pumps, valves, reservoirs, cylinders, links and feedback. Supports fault isolation and changeover.

Valve and station procedure Normal positions, priority, local control and emergency sequence. Reduces incorrect configuration under pressure.

Baseline and test record Travel, timing, pressure, wheel turns, alarms and sea-trial observations. Makes deterioration visible.

Mechanical history Stock, bearing, seal, tiller, pin, tie bar and grounding repairs. Supports structural and remaining-life assessment.

Selected spares Correct fluid, filters, seals, hose, fittings, fuses, relays or sensors. Supports realistic recovery without unsafe substitution.

Support contacts Hydraulic, steering, rudder and control-system specialists. Reduces delay when the fault exceeds crew capability.

EMERGENCY EQUIPMENT

MUST BE COMPLETE A tiller without the correct pin, access panel, securing method or communication plan is not a practical backup.
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EMERGENCY STEERING

What makes a backup genuinely
usable
Emergency steering may use a separate pump, local non-follow-up control, manual tiller,
mechanical linkage or another arrangement. It must be accessible, riggable and capable of
overcoming the real steering load.

RECOGNISE

Confirm loss or
abnormal response

STABILISE

Reduce speed and
protect the crew

ISOLATE

Identify failed
power or control path

CHANGEOVER

Select backup or
rig emergency steering

VERIFY

Confirm rudder movement
and reassess passage

Arrangement Potential benefit Practical limitation

Standby hydraulic pump Restores normal or reduced powered steering
after one pump fails.

May share the same reservoir, hoses, valves, power
supply or contaminated fluid.

Local non-follow-up control Bypasses a failed helm station or feedback loop. Requires communication with the bridge and may
still depend on normal power and hydraulics.

Manual helm pump Can provide steering without normal electrical
assistance.

Wheel effort and turns may be excessive at speed
or in heavy weather.

Emergency tiller Provides a direct mechanical connection to the
rudder stock.

May be impossible to rig or use safely in a confined,
moving steering compartment.

Differential propulsion Twin engines or thrusters may provide limited
directional control.

Not equivalent to steering; effectiveness depends
on speed, sea state, engine arrangement and room
to manoeuvre.

READINESS TEST
If the emergency system has never been rigged and used under controlled conditions, its
access, tools, communication, crew workload and ability to move the rudder remain
assumptions.

Immediate response offshore
● Reduce speed and place the vessel in the safest available heading or sea position.
● Disengage autopilot and confirm whether manual commands reach the rudder.
● Start or select the standby pump or alternate control path using the approved procedure.
● Communicate clearly between the bridge and steering compartment.
● Reassess weather, traffic, coastline, remaining redundancy and the need for assistance.

Educational guidance - not a substitute for manufacturer instructions, steering inspection, survey-report review or vessel-specific professional advice. 14
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PURCHASE AND READINESS

Buyer, survey and
owner-familiarisation checklist
Steering deserves more than a brief hard-over test alongside. Condition, load response,
redundancy, mechanical connection and emergency arrangements all affect offshore readiness.

Area Questions worth asking

Architecture What type of steering is fitted? Which pumps, controls, lines, networks and mechanical linkages are shared
between normal and backup modes?

Hydraulic condition Are fluid level, pressure, filters, hoses, rams, valves and temperature stable without repeated top-ups or
leakage?

Mechanical condition Are stocks, bearings, tillers, tie bars, pins, fasteners, mounts and stops free from movement, corrosion or
cracking?

Control and feedback Do all stations, autopilot, non-follow-up controls and rudder-angle indications agree with actual movement?

Under-load performance Does steering remain responsive at realistic speed and sea load rather than only alongside?

Emergency steering Can it be accessed, rigged and operated safely by the available crew? What power, tools and communications
does it require?

Documentation Are current diagrams, maintenance records, hose history, pressure settings, spares and emergency procedures
available?

Quick readiness check
� Readiness statement

� I can trace the complete steering chain from helm command to rudder movement.

� Normal steering effort, pump sound, response and rudder indication are known.

� There are no unexplained leaks, free play, knocks, drift or repeated alarms.

� Rams, tillers, stocks, bearings, tie bars and structural mounts are inspectable.

� Manual, autopilot and alternate control modes have been tested independently.

� Normal and emergency steering do not rely on an unrecognised common failure point.

� Emergency steering can be accessed and operated by the available crew.

� More than one person knows the steering-failure and communication procedure.

KEY TAKEAWAY
A dependable steering system combines reliable command, adequate power, secure
mechanical connection, truthful feedback and an emergency arrangement that the crew can
actually use when normal steering is lost.

Standards and guidance to consult
Where applicable, consult the current editions of ISO 10592 Small craft - Hydraulic steering systems, ISO 8848 Small craft - Remote
steering systems, the steering and autopilot manufacturers' instructions, and relevant flag-state, coding, class and insurance requirements.

Educational guidance - not a substitute for manufacturer instructions, steering inspection, survey-report review or vessel-specific professional advice. 15
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