wo 2013/&85393 A2 [N DF R0 AN A O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property Ny

Or ganization é RO O Y00 O O 0
—

International Bureau . L
(10) International Publication Number

WO 2013/085393 A2

\\

(43) International Publication Date
13 June 2013 (13.06.2013) WirPo I PCT

(51) International Patent Classification: Not classified BZ, CA, CH, CL, CN, CO, CR, CU, Cz DE DK, DM,
DO, DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, J, KE KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS LT, LU, LY, MA, MD,

(21) International Application Number:
PCT/NO20  12/050243

(22) International Filing Date: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI

6 December 2012 (06.12.2012) NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,

RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, T

(25) Filing Language: English T™, TN, TR, TT, Tz, UA, UG, US, Uz, VC, VN, ZA,
(26) Publication Language: English M, ZW.

(30) Priority Data: (84) D_esignaled_ States (unlgss othgrwise indicated, for every

61/567,848 7 December 201 1(07. 12201 1) Us kind d regional protection available): ARiPO  (Bw, GH,

GM, KE, LR, LS, MW, Mz, NA, RwW, SD, SL, sz, Tz

(71) Applicant: NATIONAL OILWELL VARCO NOR- UG, ZM, ZW), Eurasan (AM, AZ, BY, KG, KZ, RU, TJ,

WAY AS [NOINOJ; Serviceboks 401, N-4604  Kristi- TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

ansand S (NO). EE, ES, Fl, FR, GB, GR, HR, HU, IE IS, IT, LT, LU, LV,

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

— without international search report and to be republished
upon receipt d that report (Rule 48.2(g))

(72) Inventor: AUSTEFJORD, Arne; Tronesvn. 53, N-4307
Sandnes  (NO).

(74) Agent: HAMSO PATENTBYRA ANS; Boks 171, N-
4302 Sandnes  (NO).

(81) Designated States (unless otherwise indicated, for every
kind d national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(54) Title: APPARATUS AND METHOD FOR TRANSFERRING ELECTRICAL POWER TO A ROTATING SHAFT

(57) Abstract: There is described  an apparatus  (2) for
transferring electrical power to a rotating shaft (13, 43),

41 43 46 3 S
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APPARATUS AND METHOD FOR TRANSFERRING ELECTRICAL POWER TO A ROTATING
SHAFT

The invention relates to an apparatus for transferring electrical power to a rotating
shaft. More specifically the invention relates to an apparatus for transferring electrical
power to a rotating shaft of variable rotational frequency, where the apparatus com-
prises a first winding in a stationary part of the apparatus around the shaft and a se-
cond winding on the shaft adjacent to the first winding. The invention also relates to a

method for transferring electrical power to a rotating shatft.

During a drilling operation it can be desirable to monitor the operation through various
sensing devices, such as strain gauges and temperature sensors, on the shaft. Power-
ing of such sensing devices should be done either by transferring electrical power con-

tactlessly to the shaft or by a power source on the shatft.

It is known to power such sensing devices by batteries provided on the shaft. This
could however be disadvantageous due to the need for frequent replacement of the
batteries, and also due to safety issues on shutdown of the rotating shaft which then

does not automatically shut down the power source on the shatft.

It is also known to power such sensing devices by tapping power of the motor rotating
the shaft, which for instance could be an induction motor. However this will reduce the
motor power, which could be highly undesirable. Further, if the motor operates at var-
iable speed, this will imply a varying power supply to the sensing devices, which usu-

ally are designed to operate at fixed voltages or within fixed voltage intervals.

The object of the invention is to remedy or to reduce at least one of the disadvantages

of the prior art, or at least to provide a useful alternative to the prior art.

The object is achieved by virtue of features disclosed in the following description and
in the subsequent claims.
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A variable frequency drive, hereinafter name a VFD, is a type of adjustable-speed
drive used in electro-mechanical drive systems to control alternating current motor
speed and torque by varying motor input and frequency. VFDs are for instance known

to be used to control the speed and torque of top drives used in drilling operations.

In a first aspect the invention relates to an apparatus for transferring electrical power
to a rotating shaft , the apparatus comprising:

- afirst winding in a stationary part of the apparatus around the shaft; and

- a second winding on the shaft adjacent to the first winding,

characterised in that apparatus further comprises:

- a sensing device adapted to sense the rotational frequency of the shaft; and

- a variable frequency drive adapted to adjust an input current frequency to the first
winding as a function of the rotational frequency of the shaft, whereby a desired out-

put voltage and frequency in the second winding on the shaft can be obtained.

In order to induce current in the windings on the shaft, the input frequency of the cur-
rent in the first, stationary winding can be higher than the rotational frequency of the

shaft. A person skilled in the art will know that in an induction motor it is required that
the input frequency to the stator winding is higher than the actual rotational frequency

of the rotor in order to induce currents in the windings of the stator.

In one embodiment the apparatus may further comprise a control unit connected to
the VFD. The control unit may be a Programmable Logic Controller (PLC) or a micro
controller or the like. The control unit may be used to communicate with the VFD to
set the desired input frequency. Further, the control unit may communicate with the
sensing device adapted to sense the rotational frequency of the shaft. The control unit
will thus be able to calculate the input frequency from the VFD to the first winding re-
quired to obtain the desired output voltage, and thus to automate the VFD. The calcu-
lation of the input frequency from the VFD to the first winding can require input of the
specifics of the apparatus, for example the number of input phases, the resistance in
the windings, and the transmission of the motor driving the shaft. These specifics will
be known to a person skilled in the art. The control unit may further be used to control
a second VFD driving the motor running the shaft, and the control unit may be con-
nected to one or more other control units on a local network. A person skilled in the
art will also know that the apparatus may comprise a rectifier for rectifying the in-

duced current in the second winding on the stator.

The apparatus may further comprise one or more sensing devices connected to the

second winding on the shaft. The sensing devices may be, but are not limited to, one
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or more of the following devices:

a strain sensing device;

a torsion sensing device;

a vibration sensing device;

a temperature sensing device; and

a pressure sensing device.

The sensing devices are powered from the induced currents in the second winding on
the shaft. Since the shaft is already rotated by an external motor, the induced current
in the second winding on the shaft can be used to power the sensing devices, and, if
needed, various other electronic devices. Thus, only a negligible torque is produced by
the apparatus. The required input voltage to the different sensing devices may be
used to set the desired input frequency and voltage from the VFD to the first, station-

ary winding.

The sensing devices may further be connected to a wireless communication unit. The
wireless communication unit, which may be of a type known per se, may be used to
communicate sensed parameters from the sensing devices to a control unit, which

may be the above mentioned control unit or another control unit.

The sensing device for sensing the rotational speed of the rotating shaft may be an
encoder connected to a motor driving the rotating shaft. As the transmission from the
motor to the rotating shaft is usually known, the obtained value from the encoder can
be recalculated into the actual rotational frequency of the shaft. The rotational fre-
guency of the shaft may be calculated in the above mentioned control unit, or it may

be calculated elsewhere and transmitted to the control unit via a local network.

In a second aspect the invention relates to a top drive comprising an apparatus for
transferring electrical power to a rotating shaft of the top drive. The top drive may be

electrically or hydraulically driven.

In a third aspect the invention relates to a method for transferring electrical power to
a rotating shaft, the method comprising the steps of:

- providing a stationary part around the shaft with a first winding; and

- providing a second winding on the shaft adjacent to the first winding, characterised
in that the method further comprises the steps of:

- sensing the rotational frequency of the shaft by means of sensing device; and

- based on the rotational frequency of the shaft adjusting an input current frequency
to the first winding by means of a variable frequency drive to obtain a desired output

voltage and frequency in the second winding on the shaft.
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In one embodiment the method may also comprise the step of connecting the variable

frequency drive to a control unit. The connection may be done by a cable or wireless-
iy-

The method may further comprise the step of connecting the second winding to one or
more of, but not limited to, the following devices:
- a strain sensing device;

- a torsion sensing device;

a vibration sensing device;

a temperature sensing device; and

a pressure sensing device.
If needed the second winding may further be connected to other electronic devices on
or near the shaft.

The method may further comprise the step of drilling a hole in the shaft. Cables may
be placed in the drilled hole for connecting one or more of the sensing devices to the
second winding of the apparatus. This may be advantageous for avoiding cables on

the outside of the shaft. When the interior of the shaft is used to carry fluids, for ex-
ample mud as used in drilling operations, the hole can be drilled in the shaft between

the liquid-carrying conduit and the outer surface of the shatft.

The method may further comprise the step of connecting one or more of the sensing
devices to a wireless communication unit. The wireless communication unit may com-

municate parameters sensed by the sensing devices to a control unit.

Hereinafter, examples of non-limiting, preferred embodiments are described and de-

picted on the accompanying drawings, where:

Figure 1 shows in a front view a top drive for rotating a drill string;

Figure 2 shows in a side view the top drive from figure 1;

Figure 3 shows in larger scale a cross section seen through the line A-A from fig-
ure 1; and

Figure 4 shows is smaller scale a schematic drawing of an embodiment of the
invention.

In the following the reference numeral 2 will be used to indicate an apparatus accord-
ing to the present invention. Figures 1 and 2 show a top drive 1 for use in drilling op-

erations on an oil rig. The top drive 1 as shown in the two figures will be known to a
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person skilled in the art, and it will therefore only be briefly explained with reference
to the figures. Electric motors 11 are used to power the top drive 1, and to rotate a
main shaft 13. The power is transmitted from the motors 11 to the main shaft 13 via a
gearbox 12. The top drive 1 also comprises a hydraulic swivel 14 for connecting a mud
hose to a not shown drill string via the shaft 13. The top drive 1 is also shown com-

prising a pipe handler 15 and a link tilt 17 for collecting and handling not shown pipes.

Figure 3 shows a cross section of the top drive 1 seen through the cut A-A as indicated
in figure 1. A stationary part 22 of the top drive 1 is provided with a first winding 21.
The first winding 21 is connected to a not shown VFD from which the first winding 21
is supplied with current of varying frequency and voltage. The main shaft 13 is provid-
ed with a second winding 23 adjacent to the first winding 21 of the stationary part 22.
The VFD together with the first and second windings 21, 23 are thus adapted to func-
tion as an induction motor where current is induced in the second winding 23 as a re-
sult of a varying magnetic field from the currents in the first winding 21. However,
since the shaft 13 is already powered from the motors 11, there is no need to create

an additional torque.

Figure 4 shows a schematic test setup for an apparatus 2 according to the invention. A
VFD 49 is connected to a squirrel case induction motor 41. A shaft 43 is rotated by the
induction motor 41 and extends through a second induction motor 46. The second
induction motor 46 is provided with first and second not shown windings correspond-
ing to the first and second windings 21, 23 shown on figure 3. Instead of letting the
second induction motor 46 create atorque and rotate the shaft 43, the current gen-
erated in the second, not shown winding on the shaft 43 is used to power an electrical
instrument 3 rotating with the shaft 43. In general, the resistance in the second not
shown winding on the shaft 43 is quite low, and the voltage drop therefore mainly oc-
curs in an external circuit, for example in the electrical instrument 3 and its connection
to the second, not shown winding. The current in the second winding is therefore sig-
nificantly reduced, and the second induction motor 46 only produces a negligible
torque. A VFD 45 is driving the second induction motor 46. The VFD 45 may be oper-
ated manually as it is equipped with control buttons 451 and an alphanumeric display
453, or the VFD 45 can be switched to an automatic mode where it is controlled by a
control unit 47. The control unit 47 is further connected to a rotary incremental en-
coder 48 on the induction motor 41, either directly or via a local network, whereby the
control unit 47, by knowing the transmission of the induction motor 41, can calculate
the rotational frequency of the shaft 43 by the information received from the encoder

48, and thus set the required input frequency and voltage to the induction motor 46.
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The control unit 47 is further connected to the VFD 49 driving the first induction motor
41. The VFD 49 driving the first induction motor 41 may also be switched to a manual
mode where it can be operated by control buttons 491 and an alphanumeric display
493.

The electrical instrument 3 is connected to a wireless communication unit 5, which is
communicating with the control unit 47 or with other not shown control units. The
electrical instrument 3 may be one or more of the sensing devices listed above, which
are devices adapted for sensing strain, torsion, vibrations and temperature in or near
the shaft 43, and further for sensing pressure in the shaft 43. The latter may be espe-
cially useful when the shaft 43 is connected to a drill string through which mud flow
during drilling operations. The latter may significantly improve the accuracy of mud
pulse telemetry, where the mud pressure according to prior art is measured externally
from the drill string.
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Patent claims

. Apparatus (2) for transferring electrical power to a rotating shaft (13, 43), the

system comprising:

- afirst winding (21) in a stationary part (22) of the apparatus (2) around the
shaft (13, 43);

- a second winding (23) on the shaft (13, 43) adjacent to the first winding
(21),

characterised in that apparatus (2) further comprises:

- a sensing device (48) adapted to sense the rotational frequency of the shaft
(13, 43); and

- a variable frequency drive (45) adapted to adjust an input current frequency
to the first winding (21) as a function of the rotational frequency of the shaft
(13, 43), whereby a desired output voltage and frequency in the second wind-
ing (23) on the shaft (13, 43) can be obtained.

. Apparatus (2) according to claim 1, wherein the apparatus (2) further compris-

es a control unit (47) connected to the variable frequency drive (45).

. Apparatus (2) according to claim 1 or 2, wherein the second winding on the

shaft is connected to one or more of following sensing devices (3):

a strain sensing device;

a torsion sensing device;

a vibration sensing device;

a temperature sensing device; and

a pressure sensing device.

. Apparatus (2) according to claim 3, wherein one or more of the sensing devices

(3) are connected to a wireless communication unit (5).

. Apparatus (2) according to any of the preceding claims, wherein the sensing

device (48) for sensing the rotational speed of the shaft (13, 43) is an encoder
connected to a motor (11, 41) driving the rotating shaft (13, 43).

. Top drive (1) comprising an apparatus (2) according to any of the preceding

claims.

Method for transferring electrical power to a rotating shaft (13, 43), the meth-
od comprising the steps of:

- providing a stationary part (22) around the shaft (13, 43) with a first winding
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10.

11.

(21); and

- providing a second winding (23) on the shaft (13, 43), charac-
terised in that the method further comprises the steps of:

- sensing the rotational frequency of the shaft (13, 43) by means of sensing
device (48); and

- based on the rotational frequency of the shaft (13, 43) adjusting an input cur-
rent frequency to the first winding (21) by means of a variable frequency drive
(45) to obtain a desired output voltage and frequency in the second winding
(23) on the shaft (13, 43).

Method according to claim 7, wherein the method further comprises the step of
connecting the variable frequency drive (45) to a control unit (47).

Method according to claim 7 or 8, wherein the method further comprises the
step of connecting the second winding (23) to one or more of the following
sensing devices (3):

- a strain sensing device;

- a torsion sensing device;

- a vibration sensing device;

- a temperature sensing device; and

a pressure sensing device.

Method according to claim 9, wherein the method further comprises the step
of drilling a hole in the shaft (13, 43) through which the second winding (23)
can be connected to one or more of the sensing devices (3).

Method according to claim 9 or 10, wherein the method further comprises the
step of connecting one or more of the sensing devices (3) to a wireless com-

munication unit (5).
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