
MARINE/OFFSHORE

● a main accumulator,
● multiple air pressure vessels (APVs),
● an isolation valve, and
● a pilot accumulator.

Land-based drilling has been used for
more than a century in the search for oil
and gas. The first “offshore” wells weren’t

drilled until the early 1900s, and even these
were drilled from piers in swamps and lakes —
generally in very shallow water. It wasn’t until
the mid 1900s that drilling into 100 ft or more
of water became viable.

Modern offshore wells were first drilled from
mobile platforms that were fixed to the ocean
floor over the oil reservoir. These jack-up rigs,
which are still in wide use today, are self-ele-
vating. This enables operators to lift the drilling
platform out of the reach of waves and tides.
Today, jack-ups are generally limited to water
depths of a few hundred feet. 

For reservoirs in deeper waters, it was not
practical to build a support structure to keep
the drilling platform on location. Deeper wells
required drilling to be accomplished from a
floating structure.

The 1960s saw the predecessors to modern
day floating drilling vessels. These vessels, un-
like jack-up rigs, must have control systems to
combat the effects of the ocean: waves, tides,
currents, and winds. The motion compensator
system is one such system, which uses hy-
draulics to compensate for wave-induced verti-
cal motion of the drilling structure. 

Motion compensator system
Today, drill ships and semi-submersible drill-

ing platforms use motion compensator systems
to allow drilling in water depths to 10,000 ft.,
while experiencing waves as high as 40 ft. A
simplified offshore drilling system is repre-
sented in Fig. 2. The motion compensator is
made up of:
● compensator cylinders,
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Fig. 1. The semi-submersible
drilling rig Eirik Raude can
drill in water depths to
10,000 ft and is is fully
winterized for year-round
operations in offshore
Canada and Norway.
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All of the compensator compo-
nents are rigidly fixed to the drill-
ing vessel, except for the cylinder
pistons that are positioned at mid-
stroke and are attached to the drill
string (a term used for the entire
length of the drill). As long as the
MCV is open, fluid flows from the
cylinders into the main accumula-
tor when the vessel heaves upward
and flows in the opposite direction
when the vessel falls into a wave
trough. Thus, the drill string main-
tains its vertical position while
wave action moves the vessel.

Pressure in the system is set so
that the net weight of the drill
string (weight on bit) is at the de-
sired level. For example, assume
the desired weight on bit is 5,000
lb. If the weight associated with the
drill pipe and other components
supported by the compensator
cylinders is 1,000,000 lb, and the
compensator cylinder control areas
equate to 500 in.2, the hydraulic
pressure would be set at 1,990 psi,
resulting in the desired weight on
bit. Pressure of the system is ad-
justed as drill pipe is added or the
desired drilling force is changed. 

Any variation in the fluid pres-
sure is seen in the system as
weight-on-bit variation. Rig opera-
tors want to minimize this varia-
tion because it reduces drilling ef-
ficiency and component life. With
day rates as high as $250,000, the
last thing an operator wants to do
is waste time pulling a 30,000-ft or
longer drill string from the hole to
change a worn out bit.

Pressure in the system will vary
as the gas volume changes during
a typical wave heave. The pressure
will be highest when the rig is on a
wave crest, because this is when
the gas volume is minimal. In a
wave trough, the gas volume will
have expanded and the pressure
will be at its minimum. These pres-
sure extremes can be somewhat
controlled by adding a greater vol-
ume of gas.

Another pressure variation is
due to fluid pressure losses in the
system due to fluid flow. The ma-
jority of this variation takes place at
the wave mid-point and is mini-
mized by properly sizing the pipes
and by utilizing a flow efficient
control valve.

The control valve shown in Fig-
ure 2, in addition to being very
flow efficient for the weight on bit
issue, needs to perform multiple
functions for everyday operations.
Also, it must automatically isolate
the cylinders from the main accu-
mulator should the drill string
break. The isolation valve is a sys-
tem in itself and the heart of the
motion compensator system.

Hydraulic control system
The Olmsted Products Co.’s Mo-

tion Compensator Valve, or MCV
series of valves, has been designed
to satisfy all the needs encountered
during drilling operations.

Drilling or stand-by position
— During drilling operations, the
MCV is held open by system pres-
sure acting on the face of the main
gate, Figure 3. As all pilot valves
are de-energized in this mode, re-
gion C, behind the main gate, is
vented to tank. This ensures the
gate will remain open (provided
there is sufficient system pressure
to compress the main valve spring)
and allow flow between the main
accumulator and the compensator
cylinders to compensate for wave-
induced motion of the drilling ves-
sel. The highest pressure in the sys-
tem passes through a filter block
and charges a pilot accumulator.
The purpose of the pilot accumula-
tor will become clear shortly.

Manual close position — As
additional drill pipe is either added
to the drill string or pipe is re-
moved from the hole, the MCV is
manually closed so the string can
be picked up without stroking out
the cylinder. This saves expensive
operation time.

To manually close the MCV,
valve V5 is energized. This vents
region F (one end of the sensing
valve spool) to tank through V5.
The pilot accumulator — working
against the other end of the sens-
ing valve spool — will overcome
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Fig. 2. Simplified offshore drilling rig layout shows placement of Motion Compensator Valve.
Note that crown block and drll string remain stationary, while rest of system — attached to
the oil rig itself — moves up and down to coincide with the waves.



www.fpweb.com ■ Hydraulics & Pneumatics 3

the spring force, causing the valve
to shift. Once the sensing valve has
shifted, flow from the pilot accu-
mulator is ported to the backside
of the main piston, region C. That
closes the main gate. The higher of
the pressures in region A or B con-
tinues to feed region C, keeping
the main gate closed to isolate the
compensator cylinders from the
main accumulator. 

After additional drill pipe is
added to the drill string, the MCV is
reset to its drilling position by de-
energizing pilot valve V5 and mo-
mentarily energizing pilot valve
V6. This introduces system pres-
sure to regions G and F of the sens-
ing valve thereby hydraulically bal-
ancing the sensing valve spool and
allowing the spring to return the
sensing unit to its normal drilling
or stand-by condition. Once the

sensing valve has reset, valve V6 is
de-energized. Region C is now
vented to tank and system pressure
reopens the main gate.

Automatic closure operation
— As offshore drilling depths have
increased, so have the size of the
hydraulic systems needed to sup-
port additional drill pipe weight.
With current technology, offshore
drilling rigs may work in up to
10,000 ft of water. The drill pipe on
these systems may extend an addi-
tional 25,000 ft into the ocean
floor. During drilling operations,
drill pipe joints, or the pipe itself,
can fail or break. In such an ex-
treme event, a hydraulic system
that was supporting the weight of
35,000 ft (say, 1,000,000 lb) could
end up only having to support 350
ft of pipe, or about 10,000 lb. The
pressure in the system of 1,990 psi,

which yielded the desired drilling
weight on bit, is now left to explo-
sively discharge into the compen-
sator cylinders. If the cylinders are
allowed to accelerate to their full
extension, the result could be cata-
strophic damage to the motion
compensator system or the derrick
structure. Limiting the stroke of the
cylinders during this event is the
task faced by the MCV.

The initial response to a broken
drill pipe is an immediate decom-
pression of the fluid in the motion
compensator cylinders. This de-
compression pulse travels at the
speed of sound through the fluid,
through the MCV, and back to the
main accumulator. When the pulse
reaches the main accumulator, the
gas behind the separator in the ac-
cumulator expands, resulting in
flow from the accumulator. It is
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Fig. 3. Motion Compensator Valve was designed to equalize pressure before opening the main gate. Relief valves vent pressure from the
cylinder to the accumulator side of the isolation valve if the cylinder pressure rises above a safe value.



4 Hydraulics & Pneumatics ■ June 2004

during this pressure pulse that the
MCV is designed to automatically
close due to a momentary or sus-
tained loss of pressure in region B
relative to the pressure stored in

the pilot accumulator. 
As the pressure drop pulse

passes from the cylinder through
the valve, inevitably a momentary
loss of pressure will occur in re-
gion B of the MCV. Region F will
also see this pressure drop because
it is linked to region B through
check valve V14. The pilot accu-
mulator is charged to the highest
system pressure through a 0.040-in.
orifice. The accumulator pressure
will then exceed the pressure in re-
gion F, causing the sensing valve to
rapidly shift, which, in turn, will
cause the main gate to close. It is

imperative that the main gate be
closed before the main accumula-
tor starts to deliver fluid back to the
MCV, because this will close V14.
To ensure that region F is fully

vented, the sensing valve was de-
signed so that region F connects di-
rectly to tank after an extremely
short movement of the sensing
valve spool. Pressure in region B
will increase above the highest sys-
tem pressure due to the water
hammer effects of flow from the
main accumulator being dead
headed at the main gate. To pre-
vent this high pressure from re-
opening the control valve, the
same high-pressure fluid is di-
rected behind the main gate. Note
that the sensing valve operates ex-
actly the same whether the main

gate is manually or automatically
closed. Both types of closing re-
quire a pressure decrease in region
F. One is by energizing pilot valve
V5 and the other is automatic. Uti-
lizing the same operating method
to isolate the compensator cylin-
ders was a critical design goal.

Because the automatic feature is
so critical, the heart of the MCV
system is energized as frequently
as possible to verify that the com-
ponents are free and functioning as
designed. Because the valve has
been designed to automatically
close on the pressure drop pulse,
the main gate will be closed prior
to significant amounts of flow be-
ing introduced to the compensator
cylinders, limiting the cylinder
travel to mere inches. 

The motion compensator is
only one example of compensator
systems used in offshore rigs to-
day. Each system has different re-
quirements, which require differ-
ent controls to accomplish the
tasks of everyday operations. By-
pass valves to equalize pressure
before opening the main gate, re-
lief valves to vent pressure from
the cylinder to the accumulator
side of the isolation valve (in the
event that the cylinder pressure
rises above a safe value), pneu-
matic actuation, and electric actu-
ation all are options called for by
offshore operators.

Craig LaFave is offshore project
manager for Olmsted Products Co.,
Traverse City, Mich.
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The Eirik Raude features a twin-pontoon hull with six columns, and a motion
compensator system, used to negate the effects of currents, waves, and tides.

Photo courtesy Ocean Rig ASA.


