1 TESTING A SOLENO D OF A DI RECTI ONAL CONTROL VALVE Field of the Invention
5 The present invention relates to teFtlng a solenoid of a directional
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armature of a DCV solenoid will move to close the valve when demanded to do so by de-

energising the solenoid coil.

20 A known form of monitoring or testing a solenoid of a DCV in a subsea hydrocarbon
production control system is described in EP-A-2 053 289. Other forms of monitoring or
testing solenoids are described in: US-A-6 917 203; GB-A-2 110 373; US-A-5 1563 522; US-
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25 Summary of the Invention

According to the present invention from one aspect, there is provided a method of testing a
solenoid of a directional control valve in a subsea hydrocarbon production system, the
solenoid having a coil and an armature for operating the valve and the coil being energised
30 by a drive voltage across it, the method comprising removing or reducing the drive voltage
and sensing current through the coil to produce an indication of movement of the armature.

According to the present invention from another aspect, there is provided a subsea
hydrocarbon production control system, comprising a directional control valve having a
35 solenoid which has a coil and an armature for operating the valve, the system including
means for applying a drive voltage across the coil for moving the armature and testing
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Typically, said voltage is returned to said drive voltage in response to said indication.

An embodiment of this invention is the testing of a DCV solenoid at regular intervals, during
extended periods of continuous activation of the DCV solenoid drive circuit, by performing
20  partial closure (but not full closure) of the DCV by removing or gradually reducing the DCV
solenoid drive current for a short interval, sufficiently long enough for the DCV solenoid
armature to start to move toward the closed position. During this DCV solenoid coil current
removal or reduction interval, the solenoid current is monitored, to detect the perturbation (a
distinct ‘kick’ in the current flow) resulting from the change of inductance of the solenoid coil
25 due to movement of the armature of the solenoid. Lack of detection of the perturbation
indicates that the DCV solenoid armature has stuck, whereby an alarm is sent to the well

operator.

Brief Description of the Drawings

Fig. 1 is a block diagram showing items for energizing the coil of a DCV solenoid in an
30 embodiment of the invention;

Fig. 2 shows voltage and current waveforms occurring in operation of the embodiment; and

Fig. 3 is a schematic view of a subsea hydrocarbon production control system incorporating

the invention.



Brief Description of the Draw ngs Fig. 1 is a block diagram show ng
itens for energizing the coil of a DCV solenoid in an 30enbodi nent of the

i nvention; Fig. 2 shows voltage and rrent waveforns occurring in
operation of the enbodinent; and 3 Description of an Enbodi nent of the
Inventé on F{g [1 iér t%ls.rat,[eoffiha}(_::nlnar rtangerrent for the operation and control
of a gt a|5]i'u BT TER- A e lao‘})stem of a subsea hydrocarbon well. The
wel | control system may include a 5 nunber of processors, typically housed

L 2 orHERE MuBRES AR arEagien b, Bherafin a8 3ol S XA Mt migq R0 " 0
subs eacaémgt systemoafua esubff\/hya(i)rinlum‘bfedi\?agl. 2(')!"|helnw?ltj cTﬁ;orl 'I's;x}pﬁeaaln’nqy, inaluB&\a i Is
t ner gl st n . . I

o0 it of prosSsgiE dybaiy dused ot Sibge APGHNES &R e, B Wesy 2P Y
p][ ocescsfcwhié‘}[ wileontrdlizdl of M?Ve[mﬁ ;billxivfr&,gf]hisr?ﬁmi m’cg;sid,iraldmg w'yr;] g@ SEMt imea f or (rjn

a curren Sensor S . A S enol
ond motbr R goREd g de RECH oo S8 %N 5B, B MIGH I gpotiis b DO
pul ise ql_m'ﬁaeigikiggrﬂﬂo?itdf a? solergmgtfoo_rg:ldlm qigwar_ Mﬂp‘gyaet)timggqijgptb?/ a poweneirised 2 goi ]9

. | | | , i nst. 0

i O RO 8l iy 3 f Brstesot s A BB ottt scPihe SR8
pﬁ@dl{g’gﬁha ;qsmnbf[ al(;:;uoar%t?ssdrjsg\e/gﬁie@t?rtf,) tr?/i:miee;t Hrﬁtheacrbilabﬂ ?ﬁ\é{a@V@EnmeG ﬁd for
t he i I . 1.0d. W r I e
b L IORRE B ParSiny e BakebeE s sfrolE ik pdnd FRr ADY sk Vi Sdbuielon
vcﬁl tag(@WMptmeprogi_rli_ﬁmm?bl@?wgugﬁhie?:emgnmriloI lThné pg\her adnDehir fZ}itedyp;iodI@yvm[ﬁ in
t he rocessor a ] r | e
e DR BpR sl Buf P feed 2 R RE' iting, R B of g nst)8 (BF ol 'l "
ful | qpetessongrodatdsageobitralpg iacithe 5 és wrdvidey thenvaiablepesli@age mgquiteds fontthe

deltserngmnt?o%inqgntto?ﬁwisrl%%rﬁlto%.nce of the solenoid coil. To test the solenoid to

Fig. 2 shows how the current in the coil of DCV solenoid (lower graph) is varied by changing
the applied voltage (upper graph) by PWM under the control of the modified software in the
processor 3. The mode of operation, controlled by the software in the processor 3, is as

20  follows.

The energised coil of DCV solenoid 1 has a full operating voltage 6 applied, resulting in an
operating current 7 determined by the resistance of the solenoid coil. To test the solenoid to
check that its armature is not stuck, the processor 3 produces a varying voltage 8 by PWM
25 to the power driver 2, resulting in a reduction of the mean voltage applied to the coil of the
DCV solenoid 1 and thus a reduction in the mean current 9.  When the current has fallen to
the point where the solenoid armature begins to move towards its return state, the resultant
perturbation 10 in the current (due to a change in the inductance of the solenoid coil) is
sensed by the current sensor 4 and an indication of this is sent to the processor 3, which is
30 programmed to immediately return the supply voltage to the full supply 11. The current in
the solenoid coil then rises as shown by reference 12, exponentially, due to the inductance
of the coil of the solenoid, to its normal operating state 13 to prevent any further movement
of the solenoid armature and to return it to its fully operated state. The process is
implemented rapidly so that the movement of the armature DCV solenoid is small and the
35 DCV is not closed and thus there is substantially no effect on the well operation. The
processor 3 performs the above operation as often as the well operator requires. For
example, if the current in the solenoid falls to zero without a current perturbation, the power
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30 Although the application described above is ‘closed loop’ it is possible to implement the
invention by ‘open loop’ control when desired via the well operator from a control station.

Advantages of using the Invention

35 This invention offers enhanced protection against the occurrence of a failure when a
continuously energised DCV is demanded to close and reduces the likelihood of undisclosed

failures.
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sol enoj. d. i ccording to claim1 or 2, wherein said indication
i's pro'hg\éee"&esrgfﬁé‘gfater@ ﬁ‘rﬁ‘g a perturbation of said current due to a change in
t he i nductance of said coil due to novenment of the armature. 15 4. A
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voltage is renoved or reduced by processor neans in a subsea el ectronics
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a perturbation of said current due to a change in the inductance of said coil due to
movement of the armature.

15
4. A method according to any preceding claim, wherein if said drive voltage is removed
or reduced but no such indication is produced before it reaches zero, the voltage is

increased to said drive voltage and then reduced again.

20 5. A method according to any preceding claim, wherein said drive voltage is removed or
reduced by processor means in a subsea electronics module of a subsea control module.

6. A method according to any preceding claim, wherein said voltage is returned to said
drive voltage in response to said indication.
25
7. A subsea hydrocarbon production control system, comprising a directional control
valve having a solenoid which has a coil and an armature for operating the valve, the system
including means for applying a drive voltage across the coil for moving the armature and
testing means which comprise means for removing or reducing the drive voltage and means
30 for sensing current through the coil to produce an indication of movement of the armature.

8. A system according to claim 6, wherein said means for reducing the drive voltage
comprises means for pulse width modulation of voltage applied by drive circuitry for the
solenoid.

35



6. A nethod according to any preceding claim wherein said voltage is
returned to said drive voltage in response to said indication. 25 7. A
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control valve having a solenoid which has a coil and an armature for
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to return said voltage to said drive voltage in response to said indication.
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