
The Case for Rail-less 
Helicopter Handling
Brian J Thomson BSc CEng MIET, November 2020



2  The Case for Rail-less Helicopter Handling

Seahawk tow bar

NH90 mlg interface

Lynx steering arm

Lynx axle bar

Landing grid



ABSTRACT

Naval vessels have been fitted with Helicopter 
Handling Systems for over 50 years. 
Several companies have developed systems 
for handling helicopters in the seaborne 
environment. There is no perfect solution; each 
has its merits and its shortcomings. The aim 
of this paper is to make the case for the rail-
less helicopter handling system. The principles 
have been well proven over these 50 years 
and remain unchanged, whilst the system has 
been updated to suit modern vessels and new 
technologies. It has been implied that the 
rail-less system is “old-fashioned” or “inferior” 
to alternative systems. This is not correct and 
the rail-less helicopter handling system is an 
excellent choice for modern naval vessels. 
This paper aims to clarify the advantages of 
a rail-less system and there is no criticism 
made of competitor’s systems. The baseline 
for this discussion is the MacTaggart Scott 
TRIGON hydraulic system and its alternative all 
electric system called SATS (Seaborne Aircraft 
Traversing System).

INTRODUCTION TO REQUIREMENT

The operational requirement is to land a 
helicopter on the flight deck of a ship at sea, 
to secure it to the ship and to traverse the 
helicopter from the flight deck to the hangar. It 

is also a requirement to reverse this process, 
traversing the helicopter to the flight deck and 
maintaining its safely until launch. It must 
be possible to meet these requirements in 
the prevailing conditions up to the specified 
operating limits of ship’s motion.

THE RAIL-LESS SOLUTION

The rail-less system referenced in this article is the 
MacTaggart Scott TRIGON hydraulic system and the 
all electric version called SATS (Seaborne Aircraft 
Traversing System). The flight deck of a naval ship 
experiences movement in six different directions and, 
more significantly, is subjected to vertical heave and 
lateral accelerations. The challenge of ranging the 
on-board helicopter from the hangar to the flight 
deck cannot be underestimated and is often mission-
critical.

A NATO Stanag 1276 edition 2 deck landing grid is 
recommended to secure the helicopter on landing, 
providing interoperability between NATO helicopters 
and ships. The helicopter must be fitted with a 
compliant deck-lock to engage with the grid. The 
traversing solution proposed is a winch and wire rope 
solution that can manoeuvre the helicopter forward 
or aft, steering it easily and permitting recovery 
from anywhere on the flight deck, regardless of its 
orientation after landing.

TRIGON and SATS work on the principal of three wire 
ropes being attached to the helicopter strong points 
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from widely dispersed flight deck locations, creating 
a secure web with the helicopter at the centre. By 
varying the differential tension in the wire ropes, 
the helicopter can be manoeuvred in a safe and 
controlled manner using a joystick. Computer control 
ensures that all handling is smooth and forces are 
within helicopter limits. In extreme sea conditions, the 
handling system may briefly stop the traverse to avoid 
exceeding pre-set maximum loads on the helicopter, 
then resume the traverse.

A clear flight deck is maintained by conveniently 
locating winches in the hangar and below the flight 
deck. The control console is normally situated in 
the hangar. Two operators are required for recovery 
and ranging of a helicopter – One operating the 
console and the other to attach the wire ropes and 
steer the helicopter during traversing. A Flight-deck 
Safety Officer (FSO), who is provided with a safety 
override switch that automatically stops the traverse 
and applies the winch brakes, normally oversees the 
traverse.

KEY OPERATIONAL ISSUES

Some of the key operational issues will be discussed 
now, in order to clarify the operational advantages of 
the rail-less winch system.

SHIP MOTION

The helicopter must be secure against sliding and 
toppling. It is not Sea State, roll or pitch that is most 

important here; rather it is ship acceleration. Definitive 
limitations can only be stated after a seakeeping 
study, which combines the ship characteristics, 
the helicopter characteristics, the geometry of the 
handling system and a model of the sea.

Seakeeping studies, in accordance with STANAG 4194, 
demonstrate that for every frigate and TRIGON or 
SATS system combination:

1.  Any helicopter can be safely handled in head or 
following seas in the North Atlantic at Sea State 6 
at 10 knots and above ship speeds.

2.  Any helicopter can be handled at any wave 
encounter angle in the North Atlantic at sea State 
5 at 10 knots and above ship speed.

3.  The worst condition is usually low ship speed in 
quartering seas.

Any statement of handling system capability in 
terms of particular Sea States, or in terms of angular 
displacements, must also state the ship type, range of 
wave encounter angles and ship speeds. The limiting 
condition for helicopter traversing is not caused by 
the wire-rope and winch system and is not caused 
by the lack of a rail. Indeed, if pre-set limits are 
exceeded, the TRIGON or SATS system will simply 
stop, maintaining the security of the helicopter. When 
the exceedance passes, the traverse may be resumed 
safely.

Provided that flight deck friction is compliant with 
STANAG 1278, exceeding 0.6, then the helicopter is 
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most unlikely to have a tendency to slide. It is more 
likely that a traversing limit will be reached by the 
helicopter tending to topple. The limiting point is 
when the downward force of one wheel onto the 
deck becomes zero, or the wheel lifts from the 
deck. The topple will be prevented by the helicopter 
handling system.

A word of caution may be appropriate here! The 
control of towing force and back tension force is 
key to the safe traversing of a helicopter in high sea 
conditions. The control algorithm makes constant 
adjustments to compensate for ship motion. This 
algorithm has been proven over many years of 
service. The success of TRIGON has led to copied 
or very similar systems, being offered around the 
world. These may feature excellently manufactured 
winches, but without a proven control algorithm, the 
security of the helicopter is seriously compromised. 

PILOT CONTROL

When the helicopter has a decklock fitted, the pilot 
has full control of security on landing and take-off. 
The pilot can choose the moment of landing and 
take-off, making the operation as safe as possible. 
The pilot commands the automatic engagement 
of the decklock with the grid. He or she knows if 
the decklock has failed to engage, and can take-
off, apply negative thrust or execute any planned 
emergency procedure. There is no reliance on 
communication with ship personnel at the moment 
of securing.

TRIGON and SATS do not require pilot assistance for 
steering, as is often the case with rail systems.
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STRAIGHTENING & ALIGNMENT

When a traversing system uses a rail, the helicopter 
has to be aligned with the rail. This involves 
physical rotation and/or translation of the helicopter. 
Straightening and alignment is not a trivial procedure, 
although it is often referenced dismissively. Various 
methods are used, including jacking up the helicopter, 
steering the nose-wheel or tail wheel (which may 
require helicopter hydraulic power and perhaps the 
APU to be running) or sliding the helicopter sideways 
using transverse winches or telescopic rams. It is often 
necessary to disengage the helicopter capture device to 
facilitate the straightening and alignment. In general, 
these labour-intensive procedures create a potentially 
hazardous situation, during which the helicopter may 
not be secure.

The TRIGON or SATS systems, being rail-less, have 
no requirement for straightening and alignment. The 
helicopter is simply pulled by the traversing system 
and steered with a steering arm. The helicopter runs 
naturally on its wheels and can be recovered from 
anywhere on the flight deck.

STEERING

When a system uses a rail, the helicopter should not 
require to be steered, as it is attached to the rail. 
However, the reality may be trickier.

Aft winches below 
flght deck



To reduce fatigue loads on the airframe it is 
important that the helicopter wheels roll naturally 
along a path of true rolling radius. If all the wheels 
roll along a true path, with no slide slip or tyre scrub, 
then the main wheels will follow a path called a 
tractrix. This is an exponential curve, to which the 
axis of the main wheels is always normal and the 
direction of travel is a tangent. The effect of the 
tractrix is that the helicopter will roll naturally when 
aligned and towed by the nose-wheel, but will run 
off in divergence when pushed back from the nose. 
The converse applies to tail-wheel steered aircraft. 
The stress applied to the airframe when towing 
along a rail must be considered in both directions of 
movement. Airframe stress arises from forcing the 
helicopter to follow the path of the rail, which is not 
its natural rolling path.

The TRIGON and SATS systems always allow the 
helicopter to roll naturally on its wheels without tyre 
scrub or airframe stress. Because the helicopter 
is always pulled by the wire ropes, there is no 
possibility of jack-knifing. A steering arm makes the 
steering light and controlled.

A common misconception is that the wire ropes in 
rail-less systems are under great tension. In reality, 
these forces are much less than in rail systems. 
Typically, the pulling force at the attachment point 
will be around 500 kg force; this varies with ship 
motion. In rail systems, the wire ropes require to 
be highly pre-tensioned to deliver smooth aircraft 
movement.

ATTACHMENT & MEN ON DECK

It is necessary to attach the handling system to the 
helicopter. This can be manual or automatic.

In the case of TRIGON or SATS, the wire ropes 
are attached manually to the strong points of the 
helicopter, normally the landing gear axles. This 
requires one man on deck. Some navies pursue 
the holy grail of having no men on deck; however, 
men are typically required for safety net folding, 
rotor blade securing, tail folding and loading stores. 
It is also common for some navies to deploy men 
deliberately on deck to walk alongside the helicopter 
with lashings in hand. This is typical with navies 

operating in the North Atlantic, where sea conditions 
can be very rough.

Automatic systems may still require manual 
intervention during attachment and straightening. As 
mentioned, straightening and alignment with a rail 
can require several men on deck. It may be necessary 
to rock the aircraft to unlock a jack-knife situation. 
Men may be required to operate lateral tail-wheel or 
nose-wheel winches. Rail systems that have manual 
attachment normally require items to be carried onto 
the flight deck, such as an auxiliary steering shoe or 
tow bar.

The number of men deployed on deck is a matter of 
operator preference; however, TRIGON and SATS 
require only one for attachment and steering.

COMPLEXITY AND RELIABILITY

TRIGON and SATS have an elegance of simplicity as a 
traversing system. Operation is highly reliable and the 
winches can be reconfigured as backup if one of the 
winch sub-systems fail. Excellent system monitoring 
and fault-finding is provided within the control 
console.

Perhaps the worst-case operational scenario is a 
helicopter handling system failure that causes a 
foul deck and a helicopter is inbound to land. The 
consequences of failure of complex systems can be 
loss of life or loss of a helicopter. Keeping it simple has 
considerable merit.

VERSATILITY

TRIGON and SATS can handle all types of helicopter 
without modification to the aircraft or the handling 
system.  The system will handle nose-wheel and tail-
wheel helicopters without any modification. Even skid 
helicopters are safely traversed by TRIGON, with the 
aid of ground handling wheels. Rail-guided systems 
would require a large and expensive carriage to be 
replaced, which is unlikely to be possible at sea.

The TRIGON or SATS steering arm must, of course, 
be compatible with the helicopter to be traversed. It 
is common for steering arms to be supplied that fit 
more than one type of helicopter for convenience and 
reduced storage volume on-board.
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to handle multiple aircraft types. The benefits of 
having no rails are many: reduced weight, simplified 
flight deck design, no conduit for spilt fuel or fire into 
the hangar, no collecting receptacle for FOD, reduced 
radar signature, no trip hazard, etc.

It is hoped that this paper provides increased 
understanding and makes the case for a rail-less 
helicopter handling system on modern naval vessels.
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SUMMARY

TRIGON has an excellent pedigree with systems 
supplied since around 1960, when helicopter 
handling was introduced. To date, over 250 systems 
have been supplied. More than 20 helicopter 
types are currently being handled by TRIGON, 
demonstrating the versatility of the system.

SATS, the new electric-drive version, has been 
ordered by the Royal Navy for the Type-26 frigate 
and by the Norwegian Coastguard for their three 
new vessels. The RN type-26 will operate the 16 
tonne Merlin and 6 tonne Wildcat helicopters. The 
Norwegian vessels will operate globally, with strong 
ocean-going capabilities and are particularly able 
to operate in the demanding arctic region. SATS is 
well suited to these conditions, having been derived 
from TRIGON, which is proven in service to handle 
the NH90 helicopter.

The cost of TRIGON or SATS is considerably less 
than rail systems. The navy or coast guard also 
profits from the elegance of design and versatility 
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