ENERG ZING A COL OF A SOLENO D OF A DI RECTI ONAL CONTROL VALVE Field of the
I nvention The present invention relates to energizing a coil of a solenoid
of a directional control valve. Background of the Invention Well production

typi cal Iy operkCugiy AoBETH s AnaPy OF Ao PONIR W ar ot i ¢
fluid to the valve actuator is typicgilyy effected by a directional control
valve (DCV), which is a small hydraulic valve, operated by the arnature of

an electrically operated sol enoid. Well conplex control systens have a
subst ant iEH¢ldefiiednvesttionCys, each requiring el ectrical power, typically

derived froma surface power source via an unbilical. In order to mnimse
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is inportant. e electrical power supplied to S in current systens is

i ntentionaldey nore than enough to operate the DCVs and hold themin their
operational positions, mainly as an insurance that the valve will perform

reliably. ﬁweveg Eplij reﬁul ts in a considerable waste of power. This
inventio N te and has the added advantage of reducing
thermal stress in the control systemdue to the reduced power consunption.

Known f orws]] Opro8®itioh Ofl11idd ctrd] E6dIVdR0irA sE6deq N dilocaktdnd @eucti@d dofitr&lP- A- 2 053
289; US-A-6 917 203; GB-A-2 110 373; US-A-5 153 522; US-A-5 796 201; US-A-6
211 665; SUstens @raReIRYB;opesieroles hpligsxsactuatersa- Bhepopmtngh of thgpghydranlgpg 231
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i nvention Tromone as s provided a nme energi zing a coil
of a sol andcldisaf sraalthydadlicondve, oparatedbyvat wanattiie{rmtdiatiatiyopesiaig

energi zing the coil wth a voltage, cgnt r ol I{')ng sai d vol ﬁt}gﬁgwalnd etecting
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umbilical. In order to minimise the cost of the umbilical, minimising the power
consumption of the complex is important. The electrical power supplied to DCVs in
current systems is intentionally more than enough to operate the DCVs and hold them
in their operational positions, mainly as an insurance that the valve will perform
reliably. However this results in a considerable waste of power. This invention

minimises this waste and has the added advantage of reducing thermal stress in the

control system due to the reduced power consumption.

Known forms of monitoring or testing a solenoid are described in EP-A-2 053 289;
US-A-6 917 203; GB-A-2 110 373; US-A-5 153 522; US-A-5 796 201; US-A-6 211
665; US-A-6 326 898; US 2006/0285265; US-A-5 245 501; DE-A-3 624 231; and
US-A-5 241 218.

Summary of the Invention

According to the present invention from one aspect, there is provided a method of
energizing a coil of a solenoid of a directional control valve, the method comprising
energizing the coil with a voltage, controlling said voltage and detecting the current in
the coil at which an armature of the solenoid moves between a first position in which

the solenoid is operated and a second position in which the solenoid is not operated



and using that current increased by a margin as an operating current for
energi zing the coil of the solenoid. According to the present invention
from anot her aspect there is provided an arrangenent for energizing a coil
of a solen onal.,control val ve e arr onpri si ng
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through the coil is said operating current.”  In this case, said voltage
coul d be dpatgtesaansoa sesoad rmwitlmm qha@e sakneud liSmOhaBerbféérandeltS@ettb@t that the

armat ure has n:ovdf sald econd t ore it is
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i nduct ance of the coiI due to such novenent. Preferably, said voltage is
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decreasing the voltage to a level at which the current through the coil is said operating

current. In this case, said voltage could be increased to a maximum voltage after it
has been detected that the armature has moved from said second to said first position

and before it is decreased.

Preferably, movement of the armature is detected by detecting a perturbation in the
current through the coil due to a change in the inductance of the coil due to such

movement.

Preferably, said voltage is controlled by pulse width modulation of voltage applied by

drive circuitry for the solenoid.

The directional control valve could be a directional control valve of a subsea
hydrocarbon production control system. In this case, said voltage could be controlled

by processor means in a subsea electronics module of a subsea control module.

Brief Description of the Drawings

Fig. 1a is a block diagram showing items for energizing the coil of a DCV solenoid;



Fig. Ibis a block diagramshowi ng itens for energizing the coil of a DCV
sol enoid in an enbodi nent of the invention; Fig. 2 shows vol tage and
current waveforms occurring in operation of the enbodinent; and Fig. 3 is a
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vol tage. The use of PWM of voltage as a nethod of current control is not
essential, but generally nore power efficient than anal ogue power control
such as sinple series transistor circuits with an anal ogue output fromthe
processor, and is also easier to generate froma processor, since it is

i nherently digital



Referring to Fig. 3, this shows schematically a subsea hydrocarbon
production control systemincorporating the invention. In a subsea control
nodule (SCM 12 there is a subsea electronics nodule (SEM 13 and a

hydr aul i ontro dule .(HCM 14. The 12.is fed by.an ili,cal 15
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Thus, substantial power saving is achieved, since the minimum “hold in” current is
typically 70% less than the normal current at full voltage. The use of PWM of
voltage as a method of current control is not essential, but generally more power
efficient than analogue power control such as simple series transistor circuits with an
analogue output from the processor, and is also easier to generate from a processor,

since it is inherently digital

Referring to Fig. 3, this shows schematically a subsea hydrocarbon production control
system incorporating the invention. In a subsea control module (SCM) 12 there is a
subsea electronics module (SEM) 13 and a hydraulic control module (HCM) 14. The
SCM 12 is fed by an umbilical 15 from a topside master control station (MCS) 16,

e.g. at a surface platform, with electric power, control signals and hydraulic power.



increasing it; detecting when the armature noves from said second to said
first position; decreasing the voltage and detecting when the armature
noves fromsaid first to said second position; increasing the voltage and

det ecti ng.,when .t he.arnmat ure noves .from sai econ o said. first sition;
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claim wh ern he di rectional cont rol valve is a directional control valve
of a subdemirhdHENrldoma pradeiz@.i on control system 7. A nethod according
to claim®6, wherein said voltage is controlled by

In accordance with the invention, the SEM 13 includes a processor 3 for determining
minimum “hold-in” currents for the DCVs D1 — Dn, current sensors 4 and drivers 2

having been omitted for clarity.

Advantages of using the Invention

Power saving with operated solenoids is normally achieved by inserting a resistor in
series with the solenoid coil with a pair of contacts shorting the resistor, which are
opened by the solenoid when it is energised. Thus the solenoid is energised with full
voltage and current and then the current reduced to a level greater than the “drop out”
current thus saving power. However, solenoid operated DCVs on subsea wells have
to be highly reliable and the inherent problem with using a shorted resistor method of
power saving is that a failure of the contact would leave the resistor in the solenoid
circuit and there would then be insufficient voltage and current to operate the solenoid
initially. Thus, this simple technique is not considered reliable enough to be
employed on subsea well DCVs. A method of this invention can use existing
hardware with software to effect the function with only a small highly reliable solid
state current sensing device addition, and saving typically 70% of the power

requirements of the multiplicity of DCVs on a typical well



processor neans in a subsea el ectronics nodul e of a subsea control nodul e.
8. An arrangenent for energizing a coil of a solenoid of a directional
control valve, the arrangenent conprising nmeans for energizing the coi
with a vo&%ﬁgf &ﬂgﬂ&ﬁﬁﬁﬁfl means for controlling said voltage and
detecting 8% n“the coil at which an armature of the solenoid
noves between a first position in which the solenoid is operated and a

second position in which the solenoid is not operated and using that
current ihcreadaerthed of engrgiring asod wl apeleapidf acdirectippalcoptrelialvg, sheng t he

coil of t I s A angeent dj cl.al mgﬁ{ein sai d
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said voltage to a maxi num vol tage after it has been detected that the

armat ure has noved fromsaid second to said first position and before it is
decreased, 1la Pﬁ&haar@e&%@fto agHRr di Réhetdin AU QbltgdRiRoMréIRd1By: Wher ei n
said control neans is such that novenent of the arnmature is detected by
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first to said second position; increasing the voltage and detecting when the armature

moves from said second to said first position; and decreasing the voltage to a level at

which the current through the coil is said operating current.

3. A method according to claim 2, wherein said voltage is increased to a
maximum voltage after it has been detected that the armature has moved from said

second to said first position and before it is decreased.

4. A method according to any preceding claim, wherein movement of the
armature is detected by detecting a perturbation in the current through the coil due to

a change in the inductance of the coil due to such movement.

5. A method according to any preceding claim, wherein said voltage is controlled

by pulse width modulation of voltage applied by drive circuitry for the solenoid.

6. A method according to any preceding claim, wherein the directional control
valve is a directional control valve of a subsea hydrocarbon production control

system.

7. A method according to claim 6, wherein said voltage is controlled by

processor means in a subsea electronics module of a subsea control module.



12. An arrangenent according to clainms 8 to 11, wherein the control neans
I s adapted to control said voltage by pul se wi dth nodul ati on of vol tage
applied by drive circuitry for the solenoid. 13. An arrangenment according

to any of_clai 8 to 12, wherein.the directional,contr.ol .valve |s a
di reot ol Conk GG 155 ceriingd o oF doaleid BF atitserioR! Eontb
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means includes processor neans in a subsea electronics nodul e of a subsea
control nesdtok means for controlling said voltage and detecting the current in the coil at

which an armature of the solenoid moves between a first position in which the

solenoid is operated and a second position in which the solenoid is not operated and

using that current increased by a margin as an operating current for energizing the coil

of the solenoid.

9. An arrangement according to claim 8, wherein said control means is adapted
to: increase said voltage; detect when the armature moves from said second to said
first position; decrease the voltage and detect when the armature moves from said first
- to said second position; increase the voltage and detect when the armature moves
from said second to said first position; and decrease the voltage to a level at which the

current through the coil is said operating current.

10.  An arrangement according to claim 9, wherein said control means is adapted
to increase said voltage to a maximum voltage after it has been detected that the

armature has moved from said second to said first position and before it is decreased.

11.  An arrangement according to any of claims 8 to 10, wherein said control
means is such that movement of the armature is detected by detecting a perturbation
in the current through the coil due to a change in the inductance of the coil due to such

movement.

12.  An arrangement according to claims 8 to 11, wherein the control means is
adapted to control said voltage by pulse width modulation of voltage applied by drive

circuitry for the solenoid.

13.  An arrangement according to any of claims 8 to 12, wherein the directional
control valve is a directional control valve of a subsea hydrocarbon production control

system.

14.  An arrangement according to claim 13, wherein said control means includes

processor means in a subsea electronics module of a subsea control module.



