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INTEGRATED SYSTEM FOR CONTROLLING
PLURAIL SURGICAL TOOLS

FIELD OF THE INVENTION
[0001] This invention is related generally to a system
for powering surgical tools. More particularly, this
invention is related to a system for simultaneously
powering surgical tools that have different power

requirements.

BACKGROUND OF THE INVENTION
[0002] In modern surgery, powered surgical tools are
some of the most important instruments medical personnel
have available to them for performing certain surgical
procedures. Many surgical tools take the form of some
type of motorized handpiece to which a cutting accessofy
like a drill bit, a bur or a saw blade is attached. These
tools are used to selectively remove small sections of
hard or soft tissue or to separate sections of tissue.
The ability to use powered surgical tools on a patient
has lessened the physical strain of physicians and other
personnel when performing surgical procedures on a
patient. Moreover, most surgical procedures can be
performed more quickly and more accurately with powered
surgical tools than with the manual equivalents'that
preceded them.
[0003] A typical powered surgical tool sysﬁem, in
addition to the handpiece, includes a control comnsole and
a cable that connects the handpiece to the console. The
control console contains the electronic circuitry that
converts the available line voltage into energization

voltage suitable for powering the motor integral with the
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handpiece. Typically, the control console is connected to
receive a signal from the hand or foot switch used to
control the tool; based on that signal, the console sends
appropriate energization signals to the handpiece so as
to cause it to operate at the desired speed.

[0004] As the use of powered surgical tools has
expanded, so has the development of different kinds of
powered surgical tools that perform different surgical
tasks. For example, a femoral reamer, used in hip
replacement surgery is a relatively slow speed drill that
operates at approximately 100 RPM, yet it draws a
relatively high amount of power, approximately 400 Watts.
Neurosurgery requires the use of a craniotome which is a
very high powered drill that operates at approximately
75,000 RPM and that requires a medium amount of power,
approximately 150 Watts. In ear, nose and throat surgery,
micro drills are often employed. A typical micro drill
rotates between approximately 10,000 and 40,000 RPM and
requires only a relatively small amount of power,
approximately 40 Watts.

[0005] As the number of different types of powered
surgical tools have expanded, it has become neceséary to
provide each type of handpiece a mechanism for ensuring
that it receives the appropriate energization signals.
The conventional solution to this problem has been to
provide each handpiece with its own power console. As can
readily be understood, this solution is expensive in that
it reguires hospitals and other surgical facilities to‘
keep a number of different consoles available, ih the
event a specific set of todls are regquired to perform a
given surgical procedure. Moreover, in the event a number
of different surgical tools are required in order to

perform a given surgical, procedure, it is necessary to
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provide the operating suite with the individual consoles
required by the different handpieces. Having to provide
these different consoles contributes to clutter in the
operating suite.

[0006] An attempt to resolve this issue has been to
design consoles that supply power To different
handpieces. While these consoles have performed
satisfactorily, they are not without their own
disadvantages. Many of these consoles are arranged so
that the medical personnel have to manually preset their
internal electronics in order to emsure that they be
provided the desired energization signals to the tools to
which they are connected. Moreover , given the inevitable
human error factor, time also needs to be spent to ensure
that once configured for a new topl, a console is, in
fact, properly configured. Requirimng medical personnel to
perform these tasks takes away from the time the
personnel could be attending to thxe needs of the patient.
[0007] The Applicant’s Assignee’s U.S. Patent U.S.
Patent No. 6,017,354, INTEGRATED SYSTEM FOR POWERED
SURGICAL TOOLS, issued January 25, 2000 the contents of
which is explicitly incorporated herein by reference,
appreciably eliminates the need to bring different
control consoles into an operating room when surgical
handpieces having different power requirements are used.
In the disclosed system, each handpiece contains a
NOVRAM. The NOVRAM stores data identifying the
electrical power needé of the enexgy-producing component
in the handpiece. The system includes a control console
with a processor and an energization circuit for
supplying energization signals applied to the handpiece.
The types of energization signals the energization

circuit supplies to the handpiece vary as a function of
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command signals sent by the processor. Upon the
connection of a handpiece to the control console, the
data in the handpiece NOVRAM are read. These data are
then used by the processor to regulate the output of
energization signals by the energization circuit so that
the appropriate energization signals are supplied to the
handpiece.

[ooo08] Still another feature of the prior art system
is that it is possible to simultaneously connect plural
handpieces to the control console. The processor
simultaneously stores the energization signal —describing
data for each connected handpiece.

[0009] Thus, the prior art system, for many surgical
procedures, essentially eliminated the need to provide an
operating room with plural control consoles 3 ust because
the handpieces being used had different power:
requirements. Moreover, the above system was further
designed so that the console could be used to
sequentially energize different handpieces without first
having to remove the first and handpiece and then install
the second handpiece.

[060010] Clearly, the prior art system provided a number
of different cost and time efficiencies to the operating
room. However, this system can, at a given instant, only
supply power to a single handpiece. There axe instances
wherein for efficiency or necessity it is desirable to
simultaneously actuate plura‘l handpieces during a
surgical procedure. For example, s‘ometimes one surgeon
will be harvesting tissue from one portion of a patient
while a second surgeon is preparing another portion of
the patient’s body for insertion of the tissue. The
present systefn is not able to simultaneously power the

two separate surgical handpieces used to perform these
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separate procedures. If, in the interest of efficiency,
there is an interest in performing these procedures
simultaneously, two separate control consoles must be
provided.

[00011] Moreover, many surgeons use footswitches to
control their surgical handpieces and accessory
instruments, for example, irrigation and suction pumps.
It is a common practice to provide, on a single
footswitch assembly, a number of different footswitches
for controlling a number of different functiomns. For
example, a single footswitch assembly may have individual
footswitches for controlling the on/off state of the
handpiece motor, the speed of the handpiece motor, the
forward/reverse/oscillate direction of the handpiece
motor and whether or not irrigation fluid is to be
supplied.

[00012] Another limitation associated with known
systems for driving motorized surgical handpieces
concerns their ability to control the associated
handpieces when the motors are operating at low RPMs.
This problem is especially prevalent in systems employed
to drive handpieces .that include brushless, sensorless DC
motors. The known systems operate by monitoring the back
electromotive force voltage (BEMF signal) produced at the
unenergized winding of the motor. A limitation
associated with this control technigque is that, when the
motor is operating at a low RPM, the BEMF signal is often
so low that it is difficult, if not impossible, to
measure. Once this signal is undetectable, it can be no
longer user to regular the commutation of the windings.
Instead, brut force means are often used when the motor
is started up in order to initially actuate the rotor.

Also, this typical means that once a motor stalls as
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result of the motor reaching limit as the amount of
torque that it can develop, the surgeon must totally
deactivate, turn off, the motor before, the complementary
control console can again apply a commutation signal to
the windings. This results in the undesirable slowing of

the surgical procedure.

SUMMARY OF THE INVENTION
[00013] This invention is related to a new and useful
surgical tool system. The surgical tool system of this
invention includes a control console. Internal to the
control console is a motor controller capable of
simultaneously energizing plural surgical handpieces.
The control console also includes a display controller.
The display controller functions as the main controller
for the system, The display controller serves as the
controller for the console. The display controller is
capability of reading the data in the NOVRAMs in the
handpieces connected to the console. Based on these
data, additional data read by the console, externally
generated commands and surgeon-entered commands, the main
processor directs the motor controller to energize the

handpieces.

BRIEF DESCRIPTION OF THE DRAWINGS
"{00014] The invention is pointed out with panticularity
in the claims. The above and further. features of the
invention may be'better understood by reference to the
following description taken in cohjunction with the
accompanying drawings in which:
[00015] Figure 1 depicts the basic components of the

system of this invention;
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[00016] Figures 2A and 2B collectively form a block
diagram of the major components internal to the control
console of the system of this invention;

[00017] Figure 3 is a block diagram of the sub-circuits
internal to the power supply of the control console;
[00018] Figure 4 is a block diagram of the display
controller and the components peripheral to the display
controller;

[00019] Figure 5 depicts the records contained within
an exemplary procedure preference file;

[00020] Figure 6 depicts the records contained within
an exemplary master users directory;

[00021] Figure 7 depicts the records contained within
an exemplary preference directory;

[00022] Figure 8 is an example of the records contained
within the active preference table;

[00023] Figure 9 depicts the image presented on the
display to invite the selection of an active preference;
[00024] Figure 10 is a table illustrating the data
fields within footswitch assignment table;

[00025] Figure 11 is a flow chart of the basic process
steps used by the control console to assign the
footswitches control of the handpieces coupled to the
control console;

[00026] Figure 12 is a diagram depicting a basic
footswitch mapping image that is presented on the control
console display;

[00027] Figure 13 is a diagram depicting components of
the run time image presented on the control console
display;

[00028i Figure 14 is a flow chart of the process steps
performed by the control console when a handpiece is

placed in the dual control mode;
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[00029] Figures 15A and 15B, when assembled together,
form a block diagram of the main components of the motor
controller;

[00030] Figures 16A, 16B and 16C, when assembled
together form a block and partial schematic diagram of
the H bridge of the motor controller;

[00031] Figure 17 is schematic representation of the
stator windings of a handpiece motor;

[00032] Figure 18 is a block and partial schematic
diagram of the circuit used to monitor the power supply
voltage;

[00033] Figure 19 is a block and partial schematic
diagram of the circuit used to monitor the BEMF signals
produced across the windings of the handpiece motor;
[00034] Figure 20 is a block diagram of the circuit
used to monitor the current drawn by the handpiece motor;
[00035] Figure 21 is a block diagram of the circuit
used to convert a number of the monitored signals into
digital signals;

[00036] Figure 22 is a block diagram of the circuit
used to convert the monitored current signal into a
digital signal;

[00037] Figure 23 is a block and partially schematic of
one of the relay assemblies that for the motor
multiplexer of the motor controller;

[00038] Figure 24 depicts the records contained in the
power driver assignment table;

[00039] Figure 25 is a graph of current over time
depicting the measured current of a handpiece motor when
the system is an inductance sensing mode for the motor;
[00040] Figure 26 is a graph of the relationship of
‘measured current to motor rotor position for a surgical

handpiece;
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[00041] Figure 27 depicts how a handpiece NOVRAM of the
system of this invention includes gain and offset data to
facilitate the inductive signal sensing of the handpiece
rotor;

[00042] Figure 28 is a graph of calibrated measured
rotor current to motor rotor position when inductive
sensing is performed;

[00043] Figure 29 is flow chart of the process steps
executed by the motor controller during inductance
sensing mode to determine whether or not, based on a
transition to particular motor pole state, the motor
rotor should be have considered to have shifted position;
[00044] Figure 30 is a flow chart of the process steps
executed by the motor controller to during the inductance
sensing mode to determine whether or not the gain and
offset calibration values for a particular motor phase
should be recalibrated;

[00045] Figure 31 is a flow chart of the process steps
employed during handpiece manufacture and during
operation of the system to user inter—-commutation
position calculations to, in inductance sensing mode,
determine motor rotor position;

[00046] Figures 32A and 32B colleétively represent the
processes executed by the motor processor and a single
field programmable gate array of the motor control to
regulate the energization of a handpiece;

[00047] Figure 33 is a block and partial schematic
drawing of the circuit that selectively asserts the power
supply limit signal; '
[00048] Figure 34A is a graphic depiction of the BEMF
signal over time and Figure 34B depicts how, according
the BEMF signal is measured according to this invention

to determine motor rotor position; and
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[00049] Figures 35A and 35B, when assembled together
form a block and partial schematic diagram of the
handpiece interface;

[00050] Figure 36 represents some of the data types
stored by the power supply current limit module in order
to perform selective power supply sharing;

[00051] Figure 37 is flow chart of process steps
executed by the control console to regulate the actuation
of surgical handpieces that may not be configured to
perform power sharing;

[00052] Figure 38 is a schematic of how the components
internal to a corded battery:;

[00053] Figures 39A and 39B are timing diagrams of how
power is pulsed to a component such as a transformer;
[00054] Figure 39C is a waveform plot of the
measurements of the current flow through the transformer
when energized according to the pulse sequences of
Figures 39A and 39B;

[00055] Figure 40 depicts some of the data stored in
NOVRAM memory in order to regulate the application of
energization signals to a transform;

[00056] Figure 41 is a flow chart of the process steps
executed by the control console when the console receives
in indication that a abnormal event, an error, occurred
during the actuation of a handpiece;

[00057] Figure 42 is a flow chart of the process steps
that are executed in order to control the period of time
a handpiece motor is actuated to run 'in any given
direct;on when the handpiece is run in the oscillate
mode;

[00058] Figure 43 is a graphical representation of
number of rotation, over time, a motor undergoes in a

single direction when driven in the oscillatory mode;

10
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[00059] Figure 44 is a graphical representation of how,
immediately after zero speed start up, a handpiece motor
energized by the console of this invention is allowed to
produce a relatively high amount of torque, draw a
relatively large amount of current;

[00060] Figure 45 is a diagrammatic illustration of the
connections established by the multiplexer relays’
[00061] Figure 46 is a flow chart of the sequence in
which the multiplexer relays are switched;

[00062] Figure 47A and 47B generally represent the
different speed states analyzed by the speed control PID
module and the potential output commands the module
generates as a function of the speed state;

[00063] Figure 48 is a flow chart of how, during the
braking of handpiece motor, rotor speed is dynamically
deteremined;

[00064] Figures 49A and 49B are graphical
representations of, respectively, first and second means
of torque map scaling of this invention;

[00065] Figure 50 is a block diagram of the inputs and
output of the error detect module internal to a field
programmable gate array internal to one of the motor
drivers of the control console;

[00066] Figure 51 is a flow chart of the process steps
executed by thé control console to perform inductance
sensing self adjustment;

[00067] Figure 52 is a block diagram of how the system
of this invention may be connected to other devices in an
operating room;

[00068] Figure 53 is a flow chart of the process steps
executed by the control console to maintain control
integrity when a wireless device is employed to actuate a

surgical handpiece;

i1
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[00069] Figure 54 is a flow chart of the process steps
executed by the control console to ensure the data it
stores about the complementary handpieces are current;
[00070] Figure 55 is diagrammatic illustration of two
handpiece data files maintained by the memory integral
with the control console;

[00071] Figure 56 is a flow chart of the process steps
executed by the control console to avoid the storage of
redundant handpiece data;

[00072] Figure 57 is a flow chart of the process steps
executed by the control console to provide immunity from
false determinations of handpiece disconnections due to
excessive ambient RF noise; and

[00073] Figures 58A and 58B illustrate two of the
signals monitored by the control console in separate
processes to determine whether or not there is excessive

ambient RF noise.

DETAILED DESCRIPTION
[00074] Figures 1, 2A and 2B illustrate the basic
featureé of a surgical tool system 30 of this invention.
System 30 includes a control console 32. The control
console 32 is used to actuate one or more handpieces 34.
In Figure 1, a single handpiece 34, a saw, is
illustrated. As seen by reference to Figure 2B, it is
possible to simultaneously connect three handpieces 34,
to the control console 32. In the depicted version of
the invention, internal to the handpiece 34 is a motor 36
(depicted as a phantom box) and a gear assembly (gear
_assembly not illustrated). Each handpiece 34 drives a
cutting accessory 35 that is typically removably attached
to the handpiece. In the illustrated handpiece 34 of

Figure 1, cutting accessory 35 is a saw blade that is

12
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removably attached to tthe distal end of the handpiece.
(“Distal” means away from the surgeon/towards the
patient. “Proximal” means towards the surgeon/away from
the patient.) The illustrated handpiece 34 has a gear
assembly designed to oscillate the saw blade back and
forth. Other motorized handpieces 34 may be provided
with other motor and gear assemblies to drive the
associated cutting accessories in rotational movement.

It is also recognized that a handpiece 34 typically has
coupling assembly, repxesented by identification

number 33 in Figure 1, that releasably holds the cutting
accessory 35 to the handpiece.

[000751] Each handpiece 34 is removably attached to a
control console 32 by a flexible cable 38. The control
console has multiple sockets 40. Each socket 40 is
capable of receiving a separate cable 38. This allows
the multiple handpieces 34 to simultaneously be connected
to the control console 32.

[00076] Control console 32 has a display 42 with a
touch screen surface. Commands for regulating the
components of the system 30 are entered into the control
console by depressing buttons presented as images on
display 42. Commands are also entered into control
console 16 by other control switches. These switches may
be integral with the handpieces 34. Alternatively, these
switches may be individual switches that are part of a
footswitch aésembly 44 also attached to the control
console 32. In Figure 1, a single footswitch assembly 44
is shown connected to the control console 32 by a cable
46. Control console 32 is provided with two sockets 48
for receiving two cables 46. This allows two footswitch
assemblies 44a and 44b as seen in Figure 2B to be

simultaneously attached to the control console 16.

13
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[00077] A pump 50 is also attached to the control
console 32. Pump 50 includes a tube set 52 that is
removably attached to the control console 32. Tube

set 52 includes tubing 54 that provides a fluid path from
a bag of irrigation fluid 56 to an irrigation clip 58
attached to the handpiece 34. Pump 50 also includes a
motor 60 (Figure 2B) disposed inside the control

console 324.

[00078] Figure 2A and 2B, when assembled together,
illustrate the main components intermal to control
console 30. These components include a display
controller 64. Display controller 64 controls the output
of images presented on display 42, represented as LCD
(liquid crystal display) in Figure 2A. The display
controller 64 also serves as the overall controller for
the control comsole 32. Thus, the dispiay controller 64
receives the various input signals generated to control
the operation of the equipment attached to the

console 32, and causes the other components internal to
the console to generate the appropriate output signals.
[00079] Display controller 64 is connected to a touch
screen signal processor 66. The touch screen signal
processor 66 monitors the depression of the touch screen
layer over the display 28. Touch screen processor 66
upon detecting the depression of a portion of the touch
screen layer, inforxms the display controller 64 of which
section of the screen was depressed. Display

controller 64 uses this information to determine which of
the buttons presented on the display 42 was depressed.
[00080] Display controller 64 is also connected to a
network interface 68, represented as the 1394 Interface
in Figure 2A. Network interface 68 serxves as the device

over which, by a network (not illustrated), the display

14
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controller 68 exchanges information about system 30 with
other equipment used to facilitate the performance of the
surgical procedure. One such piece of equipmerit may be a
surgical navigation unit. When the control comsole 32 is
connected to this type of component, display

controller 64 informs the surgical navigation unit about
the types of handpieces 34, 34, 34 that are cornected to
the control console and the specific types of cutting
accessories attached to the individual handpieces. The
surgical navigation unit uses the data to genexate
information displaying where, on or in the patient’s
body, the handpieces and cutting accessories axe located.
[00081] Alternatively, the control console 30 may be
connected to a voice recognition surgical contxrol head.
This type of device receives the surgeon’s voice commands
directing the operation of the surgical equipments.
Examples of such commands are “Shaver, faster” and
“Irrigation, on”. In response to receipt of a specific
spoken command, the voice recognition control head
converts the command into a specific instruction packet.
This packet is forwarded to the display controller 64
thréugh the network interface 68.

[00082] Display controller 64 and network interface 68
exchange signals over a dedicated SPI bus 69.

[00083] Control console 32 also includes three
handpiece interfaces 70. Each handpiece interface 70, is
through a separate one of the sockets 40 and a cable 38
is connected to a separate one of the handpieces 34.

Each handpiece interface 70 exchanges signals with
components internal to the associated handpiece 34.
[00084] Components internal to a handpiece 34 that
exchange signals with the handpiece interface 70 are

sensors. For example, one handpiece may have a first

15
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sensor that monitors the temperature of the motor 36
internal to the handpiece. The same handpiece 34 may
have a second sensor that generates an analog signal as
function of the displacement of a switch lever on the
handpiece. The output signal from this sensor represents
the surgeon-selected speed for the handpiece motor 36.
Another handpiece may have a sensor that generates a
signal is a function of the open/closed state of valve
that regulates irrigation flow through the handpiece.
Based on the state of this wvalve, the display

controller 64 may reset the speed of the pump motor 60 to
increase/decrease the rate at which irrigation fluid is
supplied to the handpiece 34.

[00085] Handpiece interface 70 is also capable of
forwarding signals to components internal to the
handpiece 34. For example, a handpiece may include a
component that emits light, RF waves or an acoustic
signal. The signal emitted by this device is used by the
surgical navigation system to track the location of the
handpiece. The energization signal for that actuates
this component is transmitted from the control console 32
through the handpiece interface 70.

[00086] Control console 32 also includes two footswitch
interfaces 74. FEach footswitch interface 74, through a
separate one of the sockets 48 and a cable 46, exchanges
signals with a separate one of the footswitch

assemblies 44. More particulariy, each footswitch 44
includes one or more pressure sensitive sensors that
generate signals in response to.depression of a specific
pad on the footswitch assembly. Each footswitch
interface 74 reads the data from the footswitch sensors

of the footswitch to which the interface is connected.

16
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[00087] The handpiece interfaces 70 and footswitch
interfaces 74 are connected to the display controller by
a common first UART bus 76.
{00088} Control console 32 also includes a NOVRAM
interface 78. The NOVRAM interface reads the data in
memories internal to the handpieces 34 and footswitch
assemblies 44. Specifically, internal to each
handpiece 34 that exchanges signals with the handpiece
interface is a NOVRAM 72. Each NOVRAM 72 contains data
specific to the operation of the handpiece 34 to which
the NOVRAM is mounted. Examples of such data include the
minimum and maximum speeds at which the motor internal to
the handpiece should develop, and the maximum torque the
motor should produce at a given speed. The handpiece
NOVRAMs 72 also contain data that identifies the type of
sensors in the handpiece 34 and data that facilitates the
processing of the output signals from the sensors. The
 above~-referenced U.S. Patent No. 6,017,354, which is
incorporated herein by reference, offers a more detailed
list of types of data stored in the NOVRAM 72.
[00089] While not illustrated, it should be understood
that each handpiece‘also contains an EEPROM. NOVRAM
interface 78 is capable of reading data from and writing
data to the handpiece EEPROMs. The data written to the
handpiece EEPROMs include data indicating elapsed time
the handpiece 34 has been actuated and data identifying
any faults detected during the operation of the
handpiece.
[00090] Each footswitch assembly 44 also contains a
NOVRAM (footswitch assembly NOVRAMs not illustrated).
Each footswitch NOVRAM contains data describing the

configuration of the associated footswitch assembly 44

17
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and data useful for processing the signals generated by
the sensors internal to the assembly.

[00091] A pump controller 80 is also incorporated into
the control console 34. Pump controller 80, in response
to commands from the display controller 64, regulates the
on/off actuation of the pump motor 60. The pump
controller 80 also regulates the speed at which the pump
motor 60 is actuated so as to regulate the rate at which
irrigation fluid is discharged from pump 50. In one
version of the invention, the primary component about
which the circuit forming the pump controller 80 is
constructed is the ATmega8 microcontroller available from
Atmel Corporation of San Jose, California, USA.

[00092] Control console 32 also has an RFID

interface 82. The RFID interface 32 exchanges signals
with any radio frequency identification devices (RFIDs)
that are connected to the control console 32 (RFIDs not
illustrated). Each RFID contains a memory and a circuit
that facilitates the reading of data from and writing of
data to the memory. Each cutting accessory 35 attached to
an individual handpiece 34 may have an RFID. Each RFID
integral with a cutting accessor& 35 contains data
describing the characteristics of the cutting accessory.
These data may describe the physical characteristics of
the cutting accessory and/or the speed and direction at
which the cutting'accessory should be driven. The
Applicant’s U.S. ﬁatent Application No. 10/214,937,
’SURGICAL TOOL SYSTEM WITH COMPONENTS THAT PERFORM
INDUCTIVE SIGNAL TRANSFER,“filed August 8, 2002, U.S.
Patent Publication No. US 2003/0093103 Al, now U.S.
Patent No. , which is explicitly

incorporated herein by reference, provides a detailed

instruction of how data in a cutting accessory RFID is
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used to regulate the actuation of the handpiece 34 to
which the cutting accessory 35 is attached.

[00093] An RFID may also be attached to either the tube
set 52 of the pump 50 or the bag 56 holding the pumped
irrigation fluid. The data in the tube set RFID
describes the characteristics of the tube set 52. The
data in the bag RFID describes the characteristics of the
contents of the bag 56. The Applicant’s U.S. Patent
Application No. 10/952,410, SURGICAL TOOL SYSTEM WITH
INTEGRATED PUMP, filed 28 September 2004, U.S. Patent

Publication No. , now U.S. Patent No.

, which is explicitly incorporated herein by

reference, provides a detailed explanation of how the
data in the RFIDs within a tube set 52 and a fluid bag 56
are used to regulate the actuation of the pump 50.

[00094] The RFID interface 82 reads the data from and
writes data to the cutting accessory, tube set and fluid
bag RFIDs. Signals are transferred between the RFID
interface 82 and the individual RFIDs by inductive
signals transfer. Not shown are the coils in the control
console 32 that facilitate signal transfer between the
tube set 52 and fluid bag 56 RFIDs. Similarly not shown
are the coils internal to the handpieces 34 that
facilitate the signal exchange between the control
console 32 and the cutting accessories 35 attached to the
handpieces. RFID interface 82 is constructed out of one
or more SL RC400 I-CODﬁ Readers available from Philips
Semiconductorslof Eindhoven, The Netherlands.

[00095] The NOVRAM interface 78, the pump’contioller 80
‘and the RFID interface 82, forward data to and receive
instructions from the display controller 64 over a second

UART bus 84
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[00096] Control console 32 also includes a motor
controller 86. Motor controller 86 is the circuit that,
based on instructions from the display controller 64,
generates the energization signals to the motors 36 other
power-consuming units internal to the handpiece 34.

Motor controller 86 is simultaneously connected to the
three handpieces through the sockets 40 and cables 38.
The motor controller 86 provides data and receives
instructions from the display controller 64 over a second
SPI bus 88.

[00097] As seen by reference to Figure 3, also internal
to the control console is a power supply 90. Power
supply 90 includes an AC to DC converter 82. The AC/DC
converter 92 converts the line signal into a 40 VDC
signal. This 40 VDC is the signal applied to the
handpiece 34 by motor controller 86. The signal flow of
the line voltage into the AC/DC converter is controlled
by a single pull double throw switch 94. Switch 94 thus
functions as the main on/off switch for the control
console 94. Internal to the AC/DC converter are a series
of chokes that filter the line signal and a bridge
rectifier that converts and filters the line signal into
a DC voltage. A UCC38500 power manager available from
Texas Instruments of Dallas, Texas, is used to perform
power factor correction of the output signal. A boosted
DC signal, at 380V, is then pulse wave modulated across a
step down transfer. The output signal from the
transformer is rectified and filtered to produce the

40 VDC output signal, In order to reduce the complexity
of the drawings, unless necessary, the buses along which
the 40 VDC signal and the other output signals pfoduced
by power supply 40 are not shown.
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[00098] In addition to being applied to the
handpieces 34, the 40 VDC is also applied to a digital
power supply 96 also part of the power supply 90. The
power supply 96, components not illustrated, converts the
40 VDC signal into a 12 VDC, 7 VvDC, 5 VDC, 3.3 VDC,

2.5 VDC 1.8 VDC 1.26 VDC and -5 VDC signals. All of the
above signals but the 7 VDC signal are made available on
buses for use by other components internal to the control
console 32.

[000989] The 12 VDC, 7 VDC and -5 VDC signals produced
power supply 96 are forwarded to an analog power

supply 98, also part of power supply 90. Based on the
input signals, power supply 98 produces 8 V, 5 V and -
3.5 V precision, constant analog signals. The analog
signals produced by converter 98 are used by sensing
circuits internal to the control console 32. Power
supply 98 also produced a VREF signal. Typically the
VREF signal is 2.5 Volts.

[000100] Display controller 64 and the components
peripheral to it are now described by reference to
Figure 4. The display controller 64 is any suitable
microprocessor. One potential microprocessor is the
GDPXA255A0C300 processor from the Intel Corporation of
Santa Clara, California. Both SDRAM 102 and a flash
memory 104 are connected to the display controller 64.
The SDRAM 102 holds operating instructions and data for
run time use by the display controller 64. Flash
memory 104 is a non-volatile memory that stores the
permanent operating instructions for the display
controller 64 and calibration data for touch screen 66.
The SDRAM 102 and flash memory 104 are connected to the
display controller 64 by a common bus 106.
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[000101] A collection of sub-circuits, broadly referred
o as interface 108, are also connected to display
controller 64. Internal to interface 108 are the
individual sub-circuits that control the exchange of
signals between the display controller 64 and the buses
internal to the other components within control

console 32. These sub-circuits include the circuits that
facilitate the exchange of signals over the two SPI
buses 69 and 88, the UART buses 76 and 84 and with the
display 42 and touch screen signal processor 66.
ITnterface 108 also includes a circuit for facilitating
signal exchange over a USB bus 110 internal to the
control console 32.

[000102] Signals are exchanged between display
controller 64 and the sub-circuits forming interface 108
over a collection of conductors generally identified as
bus 112. It should be recognized that the exchange of
signals between the display controller and the individual
sub~circuits forming interface 108 is, between the sub-
circuits, asynchronous.

[000103] A number of additional peripheral devices,
while not illustrated should further be understood to be
connected to display controller 64. These parts include
a crystal that provides a clock signal to the display
controller 64. There are circuits that provide a stable
power supply and short life back-up power supply to the
display controller 64 and the sub-circuits forming
interface 108.

[000104] When system 10 of this invention is initially
set up to run, display éontroller 64 reads the data in
the handpiece NOVRAMs 72,.the footswitch assembly
NOVRAMs, and the RFIDs’ internal to the. cutting

accessories 35 and the pump tube set 52. Based on these
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data as well as any additional data entered by the
operating room personal, the system is configured for
operation. For example, absent any additional
instructions, based on the data received from a handpiece
NOVRAM 72 and the RFID of the complementary cutting
accessory 35 attached to the handpiece, display

console 64 establishes for the handpiece the speed range
in which its motor 36 should operate and preferred or
default speed. This latter speed is the initial
operating speed of the motor if it is operated at single
speed. Display controller 64 also causes to be presented
on display 42 an image that identifies the handpiece and
cutting accessory combination.

[000105] Based on data read from the footswitch assembly
NOVRAM, display controller 64 determines what correction
factors need to be provided to the analog input signals
generated by the sensors internal to the assembly. Based
on data from the RFID internal to the pump tube set 52,
the display controller 64 establishes the speed at which
the pump motor 62 should run in order to discharge
irrigation £luid at a specified flow rate.

[000106] Once the system 10 is configured for operation,
surgeons actuate the various components, i.e., the
handpieces 34 and pump 50 by entering commands into the
control console 32. These commands may be entered by
depressing pedals on the footswitch assemblies 44 or by
depressing\control buttons on the handpieces 34 or that
are presented on display 42. Spoken commands may also be
entered with a voice recognition surgical control head
through network interface 68. Rased on these commands,
display controller 64 sends specific commands to the
components internal to the control console. Primarily,

these commands are sent to motor controller 86 to actuate
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one or more of the handpieces 34. Some commands are sent
to the pump controller 80 to actuate the pump motor 60.
[000107] In;ernal to flash memory 104 associated with
the display controller 64 are a number of procedure
preference files 116, one of which is now described by
reference to Figure 5. Kach procedure preference

file 116 indicates how, as an alternative to the default
settings, one or more components of the system 10 are to
be configured for operation during a specific surgical
procedure. Each procedure preference file 116 contains
one or more component preference fields 118. Each
preference field contains two sub~-fields, (not
identified). The first sub field includes data
identifying the component to be configured; the second
sub field identifies how the component is to be
configured.

[000108] Inithe illustrated preference file 116, the
first component preference field 118 contains data
indicating that the preferred setting, the initial
setting for the speed of a universal drill handpiece is
to be set at rate different than the default setting in
the handpiece NQVRAM 72. The second component preference
field 118 contains data dindicating the maximum speed for
the universal drill handpiece is to be set at a rate
different than the rated maximum speed specified by
NOVRAM 72. (This alfernaﬁive maximum speed is less than
the rated maximum speed.)} The third component prefergnce
field 118 contains data dindicating whether oxr not the
pump 50 is to be actuated when the handpiece 34 is
actuated. Data regarding the preferred flow rate at
which the pump 50 is to e actuated are stored in the
fourth component preferemce field 118. The fifth

component preference field 118 contains data regarding
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which individual footswitch pedals should be mapped to
control the operation of the handpiece 34 and pump 50.
[000109] Preference files 116 may be established for
specific procedures, for speéific surgeons and for
specific procedures performed by specific surgeons.
Specifically, as .seen by reference to Figure 6, display
controller 64 stores in memory a master user

directory 122. User directory 122 includes a number of
user fields 124 each of which contains data that
identifies a specific individual surgeon or procedure.
The first two and fifth user fields 124 of Figure 6
identify specific surgeons. The third and fourth user
fields 124 identify specific procedures.

[000110] Each user field 124 links to a specific
preference directory 126, described with reference to
Figure 7. The depicted preference di rectory 126 is for a
specific doctor. Internal to the pre ference

directory 126 are preference fields 128 that identify the
procedures for which this doctor has certain instrument
preferences. Each preference field thus contains data
identifying a procedure for which the doctor has
establishéd a preference and data identifying the
specific preference file 116 for that procedure, The
preference directory 126 for a procedure identifies the
system settings individual surgeons have for the
procedure. Each preference field 128 within the
directory thus identifies both the doctor and contains a
pointer to that doctor’s specific preference file 116 for
the procedure. A

[000111] Display controller 64 of this invention also
maintains an active preference table 130, described by
reference to Figure 8. Active preference table 130

contains records of four system setting preferences it is
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system setting preference is stored in a separate active
preference file 132. Each active preference file 132
identifies the specific active preference and contains a
pointer to the specific preference file 116. The
selective active setting preferences can be set on as
needed basis.

[000112] When the system is set to run, operating
personnel can relatively easily access an active
preferences image 136 on display 42 now described by
reference to. Figure 9. The active preferences image 136
includes four bars 138 on which the active preferences
stored in table 130 are listed. Also presented is a
default bar 140. The operating room personnel carx then
press one of the bars 138 or 140 to select a parti.cular
preference. Confirmation of the acceptance is per formed
by depressing the accept (ACCPT) button 142. Once the
selected setting preference is confirmed, display
controller 64 configures the system according to the data
in the file 116 for the selected preference.

[000113] Alternatively, selection and confirmation of
the default setting results in the display controller 64
configuring the system based on the default settimgs for
the handpieces 34 and cutting accessories 35.

[000114] Replacement of one of the active preferences is
initiated by selecting the preference and depressing the
NEW PRIMARY button 144.

[000115] An advantage of the above feature of the
system 10 of this invention is that it eliminates the
need, for commonly used‘system configurations, to have to
go through a longer multi-step seléction process €o
retrieve the data in a specific preference file 118.
[000116] System 30 of this invention is further

configured so that either footswitch assembly 44 c<an be
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used to control any one of the handpieces 34 connected to
the control console 32. 1In order for system 30 to
perform this function, it should be understood that the
display controller 64 maintains a table 150, illustrated
by Figure 10, for each footswitch assembly 44. The
individual fields 152 in table identify the control
function assigned to a separate one of the pedals
integral with the footswitch assembly. In the depicted
version of the invention, footswitch assembly has five
pedals. Therefore, table 150 for the footswitch assembly
has five pedal assignment fields 152. Display

controller 64 writes data identifying the function
assigned to each footswitch pedal into its complementary
assignment field 152 based on either entered established
default settings, manually entered preference commands or
data regarding an individual surgeon’s preference that
are retrieved from storage.

[000117] When a signal is received from one of the
footswitch sensors indicating the complementary pedal has
been actuated, display controller 64, based on reference
to the data in table 150 for the footswitch, generates
the appropriate command to cause the appropriate state
change of the other component connected to the system.
[000118] Display controller 64 also updates the data in
the footswitch function tables to facilitate the

switching of control of the handpieces to between the

footswitches as discussed below.

[000119] Specifically, the display controller 64
monitors whether or not a handpiece cable 38 is connected
to each socket 40 and whether or not a footswitch

cable 46 is connected to each socket 48. It is assumed
that if a cabie 38 is connected to a socket 40, a

handpiece 34 is connected to the distal end of the
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cable 38. Each footswitch assembly 44 is integrally
attached to a cable 46. Therefore, the connection of a
cable 38 to the control console automatically results in
the connection of a footswitch to the console.

[000120] As represented by step 156 in the flow chart of
Figure 11, the initial monitoring of the handpiece 34 and
footswitch 44 connections to the control console 32 is
referred to as monitoring whether or not the system 30 is
in the plug and play mode. System 30 is considered in
the plug and play mode if, at a given time less than two
handpieces 34 or less than two footswitch assemblies 44
are connected to the control console 32.

[000121] If the system is in the plug and play mode,
display controller 64, in step 158, assigns that
handpieces to the footswitches according to a default
scheme. Specifically under this scheme, if there is just
a single footswitch assembly 44 attached to the control
console 32, the control of each attached handpiece 34 is
assigned, or mapped, to that footswitch. Thus, for each
attached handpiece 34, display controller 64 writes to
the pedal assignment table 150 for the footswitch
assembly 44 data in one of the function fields' 152.

These data indicate that the footswitch pedal associated
with the function field 152 controls the specific
handpiece.

[000122] Similarly, the system 30 is considered in the
plug and play mode when there are plural footswitch
assemblies 44 and a single handpiece 34 attached to the
cohtrol console 32. Display controller 64 performs
default mapping for this version of the plug and play
mode by mapping control for the handpiece to each
footswitch assembly. Thus the display controller 64
writes into the pedal assignment tables 150 for both
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handpieces data indicating that each footswitch can
control the handpiece 34. When both footswitches can
control a handpiece, the handpiece is considered to be in
the below discussed dual-control state.

[000123] If, as a result of the cable connection
monitoring of step 156, display controller 64 determines
that two or more handpieces 34 and both footswitch
assemblies 44 are connected to the control console 32,
the system is considered to be in the multiples mode .
Initially, when the system 30 enters the multiples mode,
display controller 64 maps the footswitch assignments to
what they were in the immediate past plug and play mode,
step 162. Thus, if a single footswitch assembly 44 was
controlling the plural handpieces, that footswitch
assembly initially retains control of those handpieces.
If both footswitch assemblies had a single handpiece
under dual control, both footswitch assemblies maintain
this control.

[000124] After the mapping of step 160 is complete,
display controller 64, in step 161, causes a footswitch
assignment map 162 to be presented on the display 42, as
illustrated by Figure 12. On map 162, each footswitch
assembly is represented by a different color button on
the left side of the image. In the displayed map a green
button 164 is used to represent a first footswitch
assembly; a yellow button 166 represents the second
footswitch assembly. Legends 168a, 168b and 168c
identify each handpiece connected to the control

console 34. The data identifying each handpiece so this
information can be presented in map 162 is from the
handpiece NOVRAMs 72.

[000125] Also present on the image of map 162 are colox-
specific buttons 170a, 170b and 170c that identify to
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which footswitch assembly 44 each handpiece is presently
assigned. Each button 170a, 170b and 170c is immediately
to the right of the legend image 168a, 168b and 168c,
respectively, of the handpiece with which the button is
associated. The color of each button 170a, 170b and 170c
corresponds to the color associated with the footswitch
assembly 44 presently mapped to control the button’s
handpiece. Map image 162 of Figure 12 indicates that the
4 mm drill is under the control of the yellow footswitch
assenmbly, the footswitch assembly connected to the bottom
of the two sockets 48.
[000126] As represented by button 170c of map 12, a
handpiece being under dual control is shown by its
associated button being half one color and half the
second color.

The surgeon then indicates what footswitch
assignments are wanted for the present operation,
step 172 of Figure 11. This step is performed by
depressing the touch screen image of each legend 168a,
168b or 168c of each handpiece 34 that is to be mapped to
a new footswitch assembly 44. Upon each depression of
the legend image, display controller 64 changes the
footswitch mapping for the handpiece. Specifically, the
display controller cycles the mapping through the
following sequence: footswitch assembly associated with
upper socket 48; footswitch assembly associated with
lower socket 48; dual control mode; and no footswitch
control. As the mapping changes, the color of the
putton 170a, 170b, or 170c changes appropriately to
indicate the new assignment for the associated handpiece.

As mentioned above, it is possible to separate a
handpiece 34 from footswitch control. This option may be

selected for example, when the surgeon chooses to use a
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handpiece mounted switch to regulate the actuation of the
handpiece 34. When this option is selected, the
associated button 170a, 170b or 170c on map 162 is
presented as a grey. Acceptance of specific footswitch
assembly assignment map is performed depressing the image
of the accept (ACPT) button A23 also presented of the
image of map 162.

[000127] It should be understood that the footswitch
assignment mapping can only be performed by pressing
buttons presented on display 42. This prevents
inadvertent depression of the footswitch pedals for
unintentionally serving to transfer control of a
handpiece 34 from one footswitch assembly 44 to the
second footswitch assembly 44.

[000128] In response to the surgeon performing step 172,
display controller, in step 174 maps the new footswitch
assignments into the footswitch assignment tables 150.
The surgeon(s) is(are) then able to use actuate each
handpiece 34 by depressing the appropriate pedal on the
footswitch assembly 44 assigned to control that
handpiece, step 176,

[000129] In order to allow operating room personnel to
readily keep track of which, if any, footswitch

assembly 44 controls a specific handpiece 34, information
about this relationship is presented on the run time
display 178, depicted in Figure 13. Specifically, a

bar 180 is presented for each handpiece connected to
control console. Integral with e¢ach bar 180 is a

legend 182 that identifies the handpiece. On the left
side of the bar 180 a footswitch icon 184 appears if the
handpiece is under footswitch control. The color of the
icon 184 identifies the footswitch assembly 44

controlling the handpiece 34. 1In Figure 13, a green
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icon 184 is presented with the 10 mm bur bar 180. This
means the green footswitch assembly 44 controls this
instrument. Both a green icon 184 and a yellow icon 184
are presented with the bar associated with the
reciprocating saw bar 180. This means that this
instrument is in the below described dual control mode.
However, one icon 184 is displayed at full brightness,
here the yellow icon; the second icon, here the green
icon 184, is displayed at reduced brightness (represented
by the phantom presentation). This means that at, the
present instant, the yellow footswitch assembly has
control of the saw.

[000130] In Figure 13 there is no footswitch icon within
the 5 mm drill bar 180. This serves as indication this
handpiece 34 is not under the control of either
footswitch assembly 44.

[000131] Once the desired footswitch assembly 44
assignment maps have been entered into the control
console 32, the surgeons can then perform the procedure,
represented by step 176.

[000132] During the course of a surgical procedure,
there may be movement of the surgeons, handing off of the
handpieces 34 between surgeons or movement of the
footswitch assemblies 44. As a result of any one of
these events, there may be confusion regarding which
surgeon is using which footswitch assembly 44 to control
which handpiece 34. If this confusion arises, surgeons
can easily place the handpieces in an up position, away
from the patient, and actuate each handpiece. As each
handpiece is actuated, the run time image changes to show
which handpiece is running. This provides the surgeons
with a quick means to determine which footswitch

assembly 44 is controlling which handpiece 34.
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[000133] Once the operation begins, the map assignments
for the footswitch assemblies 44 may be changed as
represented by step 188. Specifically, by depressing
other b'uttons presented on display 42, it is possible to
have display controller 64 represent the image of the
footswitch assignment map 162. The new footswitch
assembly 44 assignments are then entered. These
assignments are then mapped into the footswitch
assignment tables 150, step 190. System 10, with the new
footswitch assemblies’ assignments, is again available
for use.

[000134] As mentioned above whether the system is in
either the plug and play mode or the multiples mode,
there may be a situation when one or more of the
handpieces 34 are placed in the dual control mode. When
a handpiece 34 is in this mode, the depression of an
assigned foot pedal on either footswitch assembly 44 will
actuate the handpiece. When a handpiece 34 is in this
mode, display controller 64 executes the process steps of
Figure 14 to prevent both footswitch assemblies 44 from
simultaneously controlling the handpiece. Initially as
represented by step 194, display controller 64 monitors
the output signals from both footswitch assemblies 44 to
determine if either assembly actuates a handpiece under
dual control.

If, in step 194, an actuation signal is received .
from.eiﬁher footswitch assembly 44, display controller 64
instructs motor controller 86 to actuate the handpiece,
step 196. Also in step 196, the run time display A26 is
changed so as to brighten the rimage of the icon 184
associated with the activating footswitch assembly 44.

The surgeon using the actuating footswitch

assembly 44 may then press the pedals so as to instruct
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the control console 32 to turn off the handpiece 34. If
this event occurs, the display controller causes the
handpiece to be deactived. The display controller 64
returns to step 194. (Above steps not shown.)

However, during step 196, the surgeon operating the
second footswitch assembly 44 may attempt to turn the
handpiece on, as represented by step 198. Display
controller 64 ignores this signal. Instead, as
represented by step 202, display controller waits to
receive from the first footswitch assembly signals
indicating the handpiece is to be turned off. Upon
receipt of this sigmal, in step 204, display
controller 64 turns of the handpiece. Display
controller 64 takes this action even though the second
footswitch assembly is still generating a command calling
for the handpiece to be actuated. Also as part of
step 204, display controller dims the intensity of the
icon 184 associated with the actuating footswitch
assembly 44. At this time both footswitch icons 32
associated with the handpiece under dual control are in
dim state. This provides operating room personnel with
an indication that, at thé present time, neither
footswitch assembly 44 has control of the handpiece 32.

Instead, as represented by step 206, waits to
receive a signal from the second footswitch assembly 44
to turn off the handpiece 34. Until this signal is
received, display controller 64 prohibits‘either
footswitch assembly 44 from actuating the lr;andpiece 34.

Once, in step 206, a signal is received from the
second footswitch assembly to turn off the handpiece,
display controller is able to execute step 208. In
step 204, display controller 64 again monitors the output

signals from both footswitch assemblies 44 to determine
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if either of them has turned on the handpiece 34. Thus,
step 208 is essentially identical to first described
step 194. Once this type of signal is received, display
controller 64 reexcutes step 196 to reactuate the
handpiece 34.

[000135] Motor controller 86 is mnow generally described
by reference to Figures 15A and 1 5B. Specifically, the
motor controller 84 includes two identical power driver
and sense circuits 210. Each power driver and sense
circuit 210 is capable of supply the power to the

motor 36 of any handpiece 34 connected to any one of the
sockets 40. (In ‘Figures 15B and the following figures,
the individual sockets 40 are identified as S1, SZ and
S3.) Specifically, internal to each power driver and
sense circuit is an H bridge 212. The H bridge is the
sub circuit that selectively ties each winding of the
connected to either the 40 V power line or ground.
[000136] The power driver and sense circuit 210 also
monitor signals generated as a consequence of the
actuation of the handpiece motorss. In order to perform
this monitoring, each circuit 210 has a BEMF analog
circuit 214 The BEMF analog circuait extracts the BEMF
signal produced across the unenergized winding internal
to the motor. Motor 36 is a brushless, sensorless motor
that produces this type of signal. A BEMF analog to
digital circuit 216 converts the extracted BEMF signal to
a digital signal. AN ISENSE analog circuit 218 monitors
the currents drawn by the handpiece motor 36 as well as
currents internal to the control console 32. An ISENSE
analog' to digital circuit 220, also internal to

circuit 210, converts the signals representative of the

monitored currents into digital signals.
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[000137] The power signals, the energization signals, to
the motor windings output by the H bridges 212 are
applied to a motor multiplexer 222. Motor

multiplexer 222 is capable of generating the power
signals generated by H bridge 212 to any one of three
sockets 40.

[000138] A motor processor 224, also part of the motor
controller 86, regulates the operation of the power
driver and sense circuits 210 and the motor

multiplexer 222. In some preferred versions of the
invention, a DSP processor is employed as the motor
processor 224. One processor from which motor

processor 224 can be constructed is the TMS320C6713
floating~point digital signal processor availalzle from
Texas Instruments of Dallas, Texas. Certain data used by
motor processor 224 are written to and read from a flash
memory 226. One such flash memory is available the Intel
Corporation. Data stored in flash memory 226 include the
instructions executed by motor processor 224,
configuration data for the FPGAs 228 and calibration data
for the current 'sensing circuits.

[000139] The actual control signals generated to the
power driver and sense circuits 210 are generated by
field programmable gate arrays (FPGAs) 228. Each

FPGA 228, in response to instructions from the motor
processor 224, generates control signals to a separate
one of the motor driver and sense circuits 210. Each
FPGA 228 also receives the digitized BEMF and seénsed
current signals from the circuit 210 to which the FPGA is
connected. The FPGAs 228 also control the settings of
motor multiplexer 222. Suitéble FPGAs can be

manufactured from the XC283x Spartan Series programmable
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gate arrays available from the Xilinx Corporation of San
Jose, California.

[000140] Motor processor 224 is connected to the flash
memory 226 and the FPGAs 228 by a parallel bus 230.

(Bus 230 shown as a single line in Figure 15A.).

[000141] The basic structure of an H bridge 212 is shown
in the block and schematic diagram formed by Figures 163,
16B and 16C. By point of reference a stator 232 of a
handpiece motor 36 to which the energization signals are
applied is illustrated in Figure 17. Stator 232 has
three windings 234 that are tied to a common center
point 236. The individual winding terminals that are
tied to the 40 V power line, ground, or the BEMF analog
circuit 214, are identified as M1, M2 and M3.

[000142] In Figure 17, the depicted winding arrangement
is of a wye-connected motor. It should be appreciated
that system 10 of this invention can also be used to
regulate the actuation of delta-connected motors.
[000143] The 40 V power signal is received by a
transient protection circuit 238 internal to the

H bridge 212. Transient protection circuit 238
selectively inhibits the outpuﬁting of the 40 V signal to
prevent any braking transient signals from one

winding 234 from glitching over to a second winding.
Internal to the transient protection circuit is a

FET (not illustrated) that controls the outputting of the
40 V signal. This FET is gated by a control signal from
the complementary FPGA 228 (connection.not shown). The
40 V power signal is output‘from transient protection
circuit 238 over a 40 V rail 240 internal to the

H bridge.

[000144] For each winding 234, the H bridge 212 has two
FETs 242 and 244, which, respectively, tie the windiné
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terminal to the 40 V rail 240 or ground.  In Figures 16A,
16B and 16C, the terminals tied to the winding terminals
M1, M2 and M3, are identified as M1P, M2P and M3P,
respectively. FET 242 is tied between the 40 V rail 240
and the MxP terminal. FET 244 is tied between the MxP
terminal and ground. Not shown are the reverse biased
zener diodes connected across the sources and drains of
FETs 242 and 244, one each per FET, for voltage
protection.

[000145] FEach pair of FETs 242 and 244 are controlled by
a FET driver 246. Each FET driver 246, in response to
control signals from the complementary FPGA 228, assert
the gate signals to the complementary FETs 242 and 244,

A base driver that can be used as the foundation of a FET
driver is the IR218x Series High Voltage Gate Driver
available from International Rectifier (Richardson
Electronics) of LaFox, Illinois. The control signal
generated by the FET driver 246 to the gate of FET 242 is
applied to the gate through a resistor 248. The FET
driver monitors the voltage at the source of the FET 242
through a resistor 250. The control signal to tie a
winding 234 to ground is applied to the gate of FET 244
through a resistor 252.

[000146] A resistor 254 is connected between the source
of each FET 244. The opposed ends of each resistor 254
are tied together and connected to a common resistor 256.
The opposed end of resistor 256 is tied to ground. The
vol?age across each resistor 254 is measured as being a
signal representative across the motor winding 234 with
which the resistor 254 is associated. This voltage is
measured off the MxIP and MxIN terminals in Figures 164,
16B and 16C. The voltage across resistor 256 is measured

as being a signal representative of the total current
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drawn by the handpiece motor 36. This signal is measured
across the OVRLIP and OVERLIN terminals of Figure 16C.
[000147] One sub-circuit of the BEMF analog circuit 214
is now described by reference to Figure 18. This
particular sub-circuit is used to measure the voltage of
the power supply. Specifically, the 40 V rail signal
from H bridge 21 is applied to this circuit; the PSI
terminals in Figures 16C and 18. The signal on this
circuit is tied to ground through two series connected
resistors 258 and 260. The divided 40 V signal at the
junction of resistors 258 and 260 is buffered by a unity
gain amplifier 262. The output signal for amplifier 262
is the PSV_SNS signal representative of the power supply
voltage.

[000148] BEMF analog circuit 214 also includes the sub-
circuit illustrated in Figure 19. This is the actual
sub-circuit that measures the BEMF signals developed
across the motor windings 234 whén they are not
energized. In Figure 19 the winding terminals are shown
as being directly connected to the circuit. In
actuality, each winding terminal M1, M2 and M3 is
connected to a voltage divider and applied to a buffer
amplifier. Thus the BEMF signals are preprocessed in
manner similar to how the 40 V power signal is processed
to form the PSV_SNS signal.

[000149] Each divided and buffered winding terminal
signal is applied to through a resistor 266 to the
néninverting input of an amplifier 268. Also applied to
the noninverting terminal of each amplifier 268 is a
V_REF signal. This V_REF signal, prior to application to
amplifiers 268 is buffered by a unity gain amplifier 270.
The signal from amplifier 270 to amplifier 268 is applied

1

through a resistor 271.
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[000150] Each winding terminal is also connected to a
separate resistor 272. The free ends of the

resistors 272 are tied together and applied to a unity
gain buffer amplifier 274. The output signal from
amplifier 274 is applied to the inverting input of each
amplifier 268. The signals to the separate

amplifiers 268 are applied through separate

resistors 276. A feedback resistor 277 is tied between
the output and inverting input terminals of each
amplifier 268. Thus, amplifier 268 is used to produce a
recreated neutral voltage for the motor consisting of the
sum of the Bx_SNS signals divided by three.

[000151] The output signal of each amplifier 268 is the
measure of the BEMF signal at the winding terminal to
which the amplifier is connected. These signals are
represented as the Bl _SNS, B2_SNS and B3_SNS signals in
the drawings. It is understood that individually each of
these signals is representative of the voltage at the
associated winding terminal minus the recreated neutral
voltage for the motor 36.

[000152] Referring to Figure 20, a detailed description
of the ISENSE analog circuit 218 is now provided. Each
pair of MxIP and MxIN signals from the H bridge 212 are
applied to, respectively, the noninverting and inverting
inputs of separate differential amplifiers 280. The
OVERLIP and OVERLIN signals are similarly applied,
respectively, to the noninverting and inverting inputs of
a differential amplifier 280. While not shown, it should
be understood a buffered VREF signal is applied to each
noninverting input of the amplifiers 280. Individual
buffer amplifiers, (not illustrated) are used to apply
the buffered VREF signal to the amplifiers 280. Each
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amplifier 280 serves as a x10 gain circuit for the signal
with which the amplifier is associated.

[000153] The signals from the individual amplifiers 280
are applied to a 4:1 multiplexer 284. Control signals
from the FPGA 228 selectively forward one of the sensed
current signals for further processing. The selected
signal is forwarded from multiplexer 284 to a variable
gain amplifier 286. In one version of the invention,
amplifier 286 has a variable gain from 1 to 20.
Amplifier 286 is a digital amplifier such that the gain
can be adjusted in 256 steps. The command signals for
establishing the gain of amplifier 286 come from the
FPGA 228.

[000154] The output signal from amplifier 280 to which
the OVERLIP and OVERLIN signals are applied is also
applied to a gain and average circuit 288. This circuit
multiplies the total motor current sensed circuit by 2.
Circuit 288 also averages the signal over a select
period, for example 1 millisecond. The output signal
from gain and average circuit 288 is output as an average
power drawn signal (PSI_SNS).

[000155] The BEMF analog to digital circuit 216 is now
described by reference to Figure 21. Circuit 216
includes a 5:1 multiplexer 292. Three input signals to
multiplexer 292 are the three Bx_SNS BEMF signals from
the BEMF analog circuit 214. A fourth input to
multiplexer 292 is the. PSV_SNS signal from buffer 262
representative of the power supply voltage. The
remaining input to the multiplexer 292 is the PSI_SNS
signal from gain and average circuit 288 representative
of power supply current. Control signals from the

FPGA 228 selects one of the five signals for further

processing.
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[000156] The signal selected by processing is output
from multiplexer 292 to a high speed DC accurate buffer
amplifier 294. Not illustrated is the feedback resistor
tied between the output and inverting input of
amplifier 294. Also not illustrated are the voltage
limit diodes that are reverse biased tied to the output
of amplifier 294. A first diode is tied between the
amplifier 294 and the 5 Volt analog bus. A second diode
is reverse bias tied between the output of amplifier 294
and ground.
[000157] The signal produced by amplifier 294 is applied
to an analog-to-digital converter 296. The output signal
from converter 296 is supplied to the FPGA 228.
[000158] The ISENSE analog to digital converter
circuit 220 is illustrated in Figure 22. The output
signal from variable gain amplifier 286 is applied to a
high speed buffer amplifier 298. Amplifier 298 and its
supporting components, a feedback resistor and voltage
limit diodes (components not illustrated) are similar to
those attached to buffer amplifier 294. The output
signal from buffer amplifier 298 is applied to an analog
to digital converter 300. The output signal from
converter 300 is applied to the FPGA 228.
[000159] Motor multiplexer 222 consists of six relay
circuits 302, one of which is illustrated in Figure 23.
Each relay circuit receives a separate MxP signal. Three
relay circuifs 302 receive the M1P, M2P and M3P signals
from one H bridge 212. The remaining relay circuits 302
receive the M1P, M2P and M3P signals from the second
H bridge 212.
[000160] Each relay circuit 302 includes a first
" relay 304 and a second relay 306. The MxP signal is
applied as input to relay 304. Relay 304 selectively
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applies the MxP signal to either one of the sockets 40,
S3 in Figure 23, or to relay 306. Relay 306 selectively
applies the MxP signal to one of the remaining

sockets 40, S1 or S2 in Figure 23. The states of the
relays 304 and 306 are regulated by control signals from
the FPGA 228. These control signals are each applied to
a FET 308. Each FET 308 controls the application of the
40 V signal to solenoid of the relay 304 or 306 with
which the FET is associated. The 40 V signal is applied
to each FET 308 through a resistor 309. The signal
present at the drain of each FET 308 is applied to ground
through two series connected resistors 310 and 312. The
signals present at the resistor 310 and 312 junctions are
applied back to the FPGA 228. The FPGA 228 uses these
returned signals as status signals to verify the state of
the relay circuits

[000161] It should also be appreciated that only a pair
of control signals from each FPGA 228 control the setting
of the three relay circuits 302 that complement the
specific FPGA. Similarly, only two status signals for \
the three relay circuits are returned to the FPGA 228.
[000162] Display controller 64 and motor processor 224
exchange signals over SPI bus 88. As part of the process
of maintaining overall control of system 30 of this
invention, display controller 64 maintains a power driver
assignment table 320, Figure 24. Internal to table 32
are two power driver assignment fields 322. Each power
drive assignment field 322 is associated with a separate
one power driver and sense circuits 210. The data in
each field 322 indicates whether or not the associated'
power driver and sense circuit 210 is being used to

energize a particular handpiece 34.
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[000163] When the surgeon actuates one of the
handpieces, display controller reads the data in the
power driver assignment fields 322. Base on these data,
display controller determines whether or not one of the
power driver and sense circuits 210 is available to
supply the energization signals to the handpiece 34. If
one of the circuits 210 is available, the circuit is
assigned to handpiece. Display controller 64 rewrites
the data into the power driver assignment table 320 to
indicate to which handpiece the newly assigned power
driwver circuit 210 has been assigned.

[000164] Display controller 64 also sends an
initialization packet to motor processor 224. This
packet contains data identifying which of the power
dri~rer and sense circuits 210 has been assigned to a
handpiece 34. The types of data contained in the
initialization data packet are discussed below.

[000165] Figures 32A and 32B collectively illustrated
the control processes executed by motor controller 224
and an FPGA 228 to regulate the application of
energization signals to the windings 234 of an attached
handpiece motor 36. Figure 32A illustrates the processes
run on the motor processor 224. The processes run of the
FPGA 228 are illustrated in Figure 32B. Generally it
should be understood that the goal of these processes is
to generate six (6) driver signals, one to each of the
FETs 242 and 244 internal to H bridge 212. The turning
on and off of FETs 242 and 244 is what causes current
flow throuﬁgh the selected pair of windings at the
selected chop rate.

[000166] One process module internal to the FPGA 228 is
a FET driver logic module 390. Module 390 is the module
internal to the FPGA that generates the signals to gate
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FETs 242 and 244. In Figure 32B this is represented by
the six conductors that extend from the FET driver logic
module 390 to the H bridge. In order to minimize
confusion, subseqguent discussed connections are
illustrated with only a single line conductor even when
multiple conductors are present. Also, it should be
recognized that many of the subsequent discussed
connections are within the same integrated circuit
component.

[000167] The input signals to the FET driver logic
module 390 are the instruction signals used to regulate
the commutation of the windings and the driving of the
windings. The commutation instruction signals inform FET
driver logic module 390 across which pair of windings the
energization sigmals should be applied. The drive
signals inform FET driver logic module 390 of what the
PWM rate and on duty cycle should be for the energization
signals. Based on these instructions, module 390
generates the gate signals to turn FETs 242 and 244 off
in an appropriate sequence.

[000168] The commutation instruction signals are
generated by a commutation logic module 392 also internal
to FPGA 228. Module 392, receives as input signals
indicating the amngular position of the motor rotor.

Based on these signals, commutation logic module 392
generates the commutation instruction signals\to FET
driver logic module 390. A

[000169] 1In the system of this invention, there are two
alternative processes by which motor rotor positiontis
determined. Internal to the FPGA 228 is a BEMF monitor
module 394. Module 394 receives as input the digitized
BEMF signals from the BEMF analog to digital

converter 216. In Figure 32B, these signals are

45



WO 2006/039331 PCT/US2005/034800

represented as Bx_SNS signals. Based on these signals,
the BEMF module 394 determines rotor position.

Module 394 provides this information to the commutation
and logic module 392.

[000170] As discussed below, when the handpiece motor 36
is operating at a low speeds, the BEMF signals cannot be
used to determine rotor position. Thus, when the
handpiece 34 is in this state, control console uses the
second method of determining rotor position, inductance
sensing. Inductance sensing is performed by an
inductance sensing (IS) monitor module 396 internal to
the motor processor 224. Generally, it should be
understood that in inductance sensing, current through
the windings 234 is measured to determine rotor position.
The inputs signals into the IS monitor module 396 are
measurements of the captured peaks of the measured
current flows through the individual windings 234. These
peaks are captured by a IS peak capture module 395
located in the FPGA 228. The input signals into

module 395 are the digitized current measurement signals
from the individual windings. It should be appreciated
that, in inductance sensing mode, the current across
resistor 256 is the current that’'is measured.

[000171] These currents are proportional to the
voltages across resistors 254 of the H bridge. Digitized
representations of these signals are passed from the
ISENSE analog to digital circuit 220 are passed from the
FPGA 228 to the motor processor 224, connection not
shown. A discussion of how inductance sensing processes
are used to determine rotor position is set forth below.
The rotor position determinations made by inductance
sensing monitor module 396 are provided to the

commutation logic module 392.
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[000172] It should further be appreciated that motor
controller 224 determines when the commutation logic
module 392 should rely on BEMF sensed determinations of
rotor position and when the module 392 should rely on the
inductance sensed determinations. Motor processor 224
makes this determination based on the actual speed of the
handpiece motor and speed cutoff data £rom the handpiece‘
NOVRAM 72. This cutoff data, the field in which it is
stored not shown, indicates below what speed inductance
sensed rotor position determinations are used to regulate
commutation. This cut off speed is supplied to the motor
processor 224 as part of the initialization packet. Thus
while the input connections are not show, it should be
further understood that inductance sensing monitor
module 396 also receives an indication of motor speed and
the cutoff speed to perform the required comparison.
[000173] It should further be understood that inductance
sensing monitor module 396 also communi cates with BEMF
module 394, connection not shown Specifically,
inductance sensing monitor module 396 provides the
initial start logic data to the BEMF module 394 that

" module 394 needs to perform BEMF monitoring of rotor
position.
[000174] Three basic input variables are used to cause
the windings to be driven. One input is based on the
difference between the actual and user—selected speed for
the handpiece motor. A second input is based on the
current drawn by the motor 36. The third input is based
on the overall power that is, at any given instant, being
consumed by the system 10.
[000175] The digitized BEMF signals, the Bx_SNS signals
in Figure 32B, are what are used by the FPGA 228 to

determine raw speed of the handpiece motor 36.
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Specifically, internmal to the FPGA 228 is a speed
calculator module 398. Speed calculator module 398,
receives the output commutation instruction signals from
the commutation logic module 392, connection H in

Figure 32B. Based on the times between the commutations
as designated by these signals, speed calculator

module 398 generates a digital representation of rotor
speed. This speed value is filtered by an FIR filter 402
internal to the FPGA. The coefficients for this filter
from the handpiece NOVRAM 72 are contained in the
initialization packet. (It should likewise be
appreciated, the filter coefficients for all filters in
the DSP 224 and FPGA 228 come from the NOVRAM 72 in the
initialization packet.

[000176] The filtered speed signal is forwarded from the
FPGA 228 to an IIR filter 404 internal to motor
controller 224. The filtered signal IIR filter 404 is
applied as one input variable to a speed control (SC)
proportional integral derivative (PID) algorithm

module 406.

[000177] The second variable into the SC PID module 406
is a user spéed set-point signal. This signal is
generally a digital representation of the user selected
speed for the handpiece. This signal is provided by
display controller 64 in both the initialization packet
and in speed set-point packets. These speed set-packets
are repeatedly sent by the display controller 86 to motor
. processor 224 as long as the handpiece remains actuated.
Each speed set-point contains data identifying the
handpiece 34 with which the packet is associated arad data
indicating the user-set speed for the handpiece 34.

These latter data are determined by the display

controller by reference to the input device the surgeon
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actuates to change motor speed. While a handpiece
remains actuated, display controller 64 typically sends a
speed set-point packet once every 10 milliseconds.
[000178] Prior to the speed set-point signal being
received by the SC PID module 406, the signal may be
processed by an acceleration control module 408. This is
because over time, the speed set-point signal will change
as a result of the surgeon speeding up, slowing down, or
braking the handpiece motor 36. Depending of the rate of
change of the actual speed set-point signal, acceleration
control module 408 adjusts the rate at which the set~-
point signal applied to the SC PID module 406 actually
changes. This is done to minimize any jerking or other
uneven operation of the handpiece motor 34 that may occur
as a result of rapid acceleration, deceleration or
braking.

[000179] It should be recognized that the parameters the
acceleration control module uses to modify the rate of
change of the speed set-point signal come from the
handpiece NOVRAM 72 in the initialization packet.
[000180] The SC PID module 406, based on the difference
between the actual (filtered) motor speed and the speed
indicated by the set-point signal determines an SC PID
output signal. The algorithm by which this signal is
generated is made is known in the art.

[000181] While there are two constantly changing inputs
into the SsC PID module 406, it should be appreciatedAthat
there are other variables into the algorithm. These
variables include, proportional gain, integral gain
derivative, gain and derivative time constant, output max
and output min. These variables, which are essentially
constant; are supplied from the handpiece NOVRAM 72 by |

the initialization packet. For some motors, different
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sets of these variables are employed for speed control
purposes at different speed ranges. The multiple sets of
variables are supplied in the initialization packet.
Based on the current speed range in which the handpiece
motor 36 is operating, motor processor 224 loads the
appropriate set of variables into the SC PID module 406.
[000182] The above mentioned constant-over-speed range
variables are also suppliéd to a current control (IC) PID
module 414. It should be appreciated that the set of
variables applied to the SP PID and IC PID modules 406
and 414, respectively, are different.

[000183] The SC PID output signal from module 406 is
applied to an SC output calculation module 409. A second
input into module 408 is a motor PWM frequency. This
variable is from the handpiece NOVRAM 72 and is supplied
in the initialization packet. Based on these inputs, SC
output calculation module 409 determines two values, the
PWM period and the PWM on time for the drive signal.
[000184] Output signals representative of the values
produced by the SC output calculation module are
forwarded to a SC pulse generator 410 internal to the
FPGA 228. The SC pulse generator 410, based on the
inputs from module 409 produces a train of speed control-
based PWM drive pulses.

[000185] The current based drive signals are based on
both a current set-point for the handpiece motor 36 and
the actual current drawn by the motor. . A torque map
module 412 produces the current set-point value. The
three variable form which the current set-point are
determined are, the speed of the motor, a torque map and
a constant. Toréue map module 412 receives the filtered |
speed signal from the FBGA FIR 402. The torque map is a

relationship specific to the motor of the torque the
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motor can develop at a specific speed. The constant
converts the speed-based torque into a current set-point.
The data for the torgue may and the constant are from the
NOVRAM 72 and contained in the initialization packet.
[000186] Thus, for a given speed, based on the torque
map, module 412 determines the torque the motor should
developed. Based on this determination and the constant,
module 412 determines the current the motor should draw.
Torque map module 412 supplies data representative of
this current set-point to the IC PID 414 algorithm
module.

[000187] The second continually varying input into the
IC PID module 414 is the actual current drawn by the
motor. The current measurement supplied to module 414 is
based on the interleaved individual winding current
measurements from across resistors 254 of the H

bridge 212, the MxI signals in Figure 32B. These signals
are supplied to a two stage variable frequency filter 416
in the FPGA 228. Filter 228 removes the high frequency
ripple in this current signal to commutation switching.
[000188] The filtered current signal from filter 228 is
applied to a current calibration module 418 internal to
the motor processor 224. Current calibration module 418
calibrates the current for subsequent processing. A
variable module 418 employs to determine the extent the
current drawn signal needs to be calibrated is the value
indicating the extent the analog version of the current
signal was amplified by variable gain amplifier 286.

This value, as well as the setting for amplifier 286 are
from the handpiece NOVRAM 72 and contained in the
initialization packet. 4 .

[000189] The calibrated current reading is filtered by
an IIR 420 also in the motor processor 224. The filtered
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sensed current is applied to the IC PID module 414 as the
second variable.

[000190] Based on the current set point and the filtered
and calibrated measurement of actual .current, the IC PID
module produces a midpoint current value. The midpoint
current value is forwarded to a current control output
calculation module 416. From the initialization packet,
module 416 previously received current range window data.
These data indicate a range between which the motor
current should oscillate. Based on these window range
data and the midpoint current value, current control
output calculation modulation produces ILIMITH (high) and
ILIMITL (low) current limits. It should be appreciated
that the midpoint current value is between these current
limits. The range between the limits is based on the
range data in the initialization packet.

[000191] The motor processor 224 provides the ILIMITH
and ILIMITL values to a current control limit pulse
generator 419 internal to the FPGA. Generator 419
receives as another input a measure of the actual motor
current. In actuality the interleaved digitized versions
of the three winding currents, the digitized MxI current
signals are applied to generator 419. Based on the
ILIMITx values and the measured current, current control
limit pulse generator 419, based on a bang-bang process,
selectively clocks out current control drive pulses.
[000192] The speed control-based PWM drive pulses from
the SC pulse generator 410 and the current control drive
pulses from the current control limit pulse generator 419
are two of the signals used to control the generation of
driving of the windings 234. The third input signal is a
power supply limit (PSI;LMT) signal. As discussed below,

this signal is asserted when the components of system 10
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consume more power than the console power supply 90 can
provide.

[000193] These three signals are applied to an AND logic
module 422 internal to the FPGA 228. The output from
module 422 is applied to FET driver logic module 390 as
the signal to drive the windings 234. AND logic

module 422 is configured to assert the signal to drive
the windings 234 only when the speed control-based PWM
drive pulses and the current control drive pulses
simultaneous indicate the windings are to be driven and
the power limit exceeded signal is not asserted.
[000194] It should be recognized that a feature of the
above assembly is that it provides for precise torque
control of the operation of a handpiece 34.
Specifically, by entering the appropriate commands,
display controller 64 is directed to present on

display 42 torque control setting images. By pressing
the touch screen buttons associated with these images,
the surgeon established the maximum torque the handpiece
motor is to develop. This is useful because for certain
procedures, such as the driving in of a implant into
tissue, only a select maximum amount of torque should be
applied. Once the surgeon establishes this torque limit,
data regarding its value is provided by display
controller 64 to motor controller 224 in the
initialization packet. Based on these data, motor
processor 224 configures the torgue map module 412 to
ensure that the module never generates a signal
indicating that the handpiece motor 36 should produce
more torgque than the defined maximum amount.

[000195] An understanding of when and how the power
supply limit signal is asserted can be obtained by

initial reference to Figure 33. 1Initially it should be
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understood that the reason a means for power limiting is
provided is that there may be times when surgeons may
attempt to simultaneously drive two instruments that
collectively consume more power than control console 32
can provide. This is because amount of power any power
supply can provide is invariably limited. By way of
example, it should be understood that in some versions of
the invention it is anticipated power supply 90 provides
up to 400 Watts of power. For reasons of size and to
minimize the amount of heat emitted by the control
console 32, it is often considered reasonable design
consideration to so limit the amount of power the control
console can provide. Moreover, there are seldom
instances when both handpieces being simultaneously
driven by the control console will need more than 400
Watts of power. Therefore, it should be appreciated that
is not an efficient use of resources to.provide a power
supply that could supply more power.

[000196] However, there may occasionally be instances
when two high-power consuming handpieces 34 are
simultaneously connected to and energized by the control
console 32. The power supply limit circuit of system 10
of this invention allows both handpieces to be so
actuated.

[000197] As seen by reference to Figure 33, the power
supply limit circuit includes a resistor 424 connected to
the ground out of the power supply across which the
_current out of the power supply 40 is measured. The
voltage across resistor 424 is applied to a gain and
average circuit 426. In one version of the invention,
this current drawn signal is multiplied by 20 and

averaged over 1 microsecond.
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[000198] The multiplied and averaged power supply
curremt signal from circuit 426 is applied to a
comparator 428. The second input to comparator 428 is a
reference signal, not shown, representative of the
maximum current the power should draw. The power is
provided to the handpieces in the form of a 40 volt
potential. Therefore, the maximum current the power
supply should draw to ensure that it does not consume
more than 400 Watts is 10 Amps. In actuality, the power
supply 90 is capable of producing up to 500 Watts, the
addit ional, however, is used by the internal console
compornents such as pump motor 60. Performing the power
limit monitoring at a level less than power supply’s
actual power limit, essentially eliminates the likelihood
the power supply could consume so much power there could
be component failure.

[000199] Thus, comparator 428 continually monitors the
adjus ted power supply current to determine whether or not
the power supply is consuming too much current. If this
condition occurs, comparator 428 asserts the PSI_LMT
signal.

[000200] The PSI_LMT signal is applied to both

FPGAs 228. As part of the overall process of regulating
the energization of the handpiece motors 36, motor

proce ssor 224 continually determines which motor, in view
of thie power limit being exceeded, should temporarily be
deactuated. This determination is made by a power supply
current (PSI) limit select module 430 internal to the
motor processor 224. The inputs into module 430 are
values of the current presently being drawn by each
handpiece motor 36. Specifically these are current drawn
meastirements through the H bridge resistors 256. 1In

Figure 32A this is depicted by a single OVERLI signal
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directly into module 430. In actuality it is understood
that digitized forms of these motor current signals are
forwarded from both FPGAs 228 to the PSI limit select
module 430. By comparing these signals, module 430
determines which of the two actuated handpiece motors 36
at any given instant is drawing more current, consuming
more power. The PSI limit module 430 selects this
handpiece motor 36 for potential power limited
necessitated deactivation.

[000201] Specifically, PSI limit module 430 asserts a
power limit enable signal to an AND logic module 432
internal to the FPGA 228 associated with the selected
handpiece motor 36. The PSI_IMT signal, when asserted,
is simultaneously received by the AND logic modules 432
of both FPGAs 228. Only the module 432 to which power
limit enable signal has been asserted forwards the
PSI_LMT signal. Specifically, this signal is forwarded
to AND logic module 422. As discussed above, when AND
logic module 422 receives the PSI_LMT signal, module 422
inhibits the assertion of the drive signals to FET driver
logic 390.

[000202] Thus, the assertion of the PSI_LMT signal
causes the enabled FPGA 228 to temporarily stop asserting
drive signals. This momentarily stops the application of
energization signal across the windings of the motor 36.
This momentary cessation of the application of the
energization sdignals to the motor 36 causes the average
power drawn by th@ motor to momentarily drop. This
prevehts power supply 90 from outputting more than the
amount of powex it is designed to produce. ’
,[000203] As discussed above, at normal operating speeds,
the FPGA 228 associated with the driver power driver and

sense circuit 210, regulates the commutation switching of
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the motor windings 234 by monitoring the BEMF signals
generated across the unenergized motor winding 234.
However, at low speeds, speeds 10% or below of the
maximum operating speed of ‘the handpiece motor 36, and
for some handpieces, speeds 5% or below the BEMF signal
across a winding drops to & level at which it cannot be
detected.

[{000204] When this event occurs, motor controller 86
employs inductance sensing to determine the position of
the motor rotor. More particularly, as seen in Figure 27
internal to handpiece NOVRAM 72 there is a BEMF/IS set
point field 339. Field 332 contains data that indicates
the speed above which motor controller 86 should employ
BEMF sensing to determine rotor position. At speeds at
or below the speed set forth in field 339, motor
controller 86 employs the bbelow-described inductive
sensing process to determine rotor position. The speed
level in the BEMF/IS set point field is supplied by
display controller 64 to the motor processor 224 in the
initialization packet. Based on the data indicating
motor speed and the value from field 339, motor
processor 224 selectively uses BEMF sensing or inductive
sensing to regulate the energization of the handpiece
motoxr 36.

[000205] The motor controller 86 starts the inductive
sensing process by measurimg the inductance across the
windings in each of the six motor phases. This is
performed by first negating the application of
energization signals to the windings 234 as represented
by time period 336 in the plot of Figure 25.

[000206] Then, during time period, short voltage pulses .
are applied across each motor winding 234. In order to

measure inductance in a fixrst phase, one of the windings
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is tied to the 40 V rail 240 of the H bridge 212, the
remaining two windings are tied to ground. The current
developed by the winding connected to the 40 V rail 240
is then measured. To measure inductance in a second
phase opposite the first phase, the power connections of
the windings are reversed. Thus, the two windings just
tied to ground are connected to the 40 V rail 240; the
winding 234 attached to the rail is tied to ground.
Current through the ground tied winding is then measured.
These measurements are made for all three windings 234.
Thus as depicted in Figure 25, there are six measured
current pulses 338 from the motor 36.

[000207] In theory, for any given position of the motor
rotor, the measured current for one of the motor phases
should be higher than measured currennt for the remaining
five phase measurements. This is because the position of
the rotor magnets affects the inductance across the
windings and therefore, the current through windings.
[000208] However, as indicated by reference to the graph
of Figure 26, in actuality, it has been found that for
the DC motors of surgical handpieces 34, there is a poor
correlation of measured inductance to rotor position. It
is believed this poor correlation is due to the fact that
the handpieces 34 integral with system 30 of this
invention have motors 36 with relatixwely small rotors.

In particular the rotors typically axe 0.5 inches or less
in diameter. .Still other of the motor rotors have
diameters of 0.25 inches or less. Duie to the relatively
small size of the magnets integral with these rotors, the
magnets do not change the inductance of the adjacent
motor windings 234 to the degree at which inductance

changes alone can be used to determirme rotor position.
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[000209] Thus, in system 30 of this motor processor 224
applies gain and offset values to the six measured notor
phase currents. These gain and offset values come from
data fields 340 and 342, illustrated in Figure 27, within
handpiece NOVRAM 72. Specifically, for each rotor
position, NOVRAM 72 contains data in field 340 that
includes the coefficient for multiplying the measured
current, to produce the gain. Data in each field 342
contains a constant that is applied to the multiplied
gain, the offset. These data, as well as the data in the
BEMF/IS speed set point field 339 are forwarded from
display controller 64 to motor processor 224 as part of
the initialization packet.

[000210] It should be understood that for each type of
motor 36, the gain and offset values for fields 340

and 342, respectively, are developed by empirical
analysis of the operation of the motor.

[000211] Based on these retrieved gain and offset data,
motor processor 224 produces a calibrated, normali zed
current measurement for each current value. As seen by
reference to Figure 28, these calibrated normalized
values result in a plot wherein for each rotor position a
single one of the current values is higher than the other
current values.

[000212] Thus based on these calibrated and normalized
measurements of winding inductance, motor processor 228
is able to determine the position of the motor rotor.
Based on this determination, motor processor 228 is able
to determine through which windings 234 current should
next be applied. This is represented in Figure 25 by
period 346 an energization signal is applied to across
the appropriate two of the motor windings 234. It will

be noted also from this figure that a quiescent
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period 350 that proceeds period 336 so the current
measurements can made. Collectively, periods 336 and 350
are approximately 10% of the size of period 346 in which
a signal is applied to a single winding pair to actuate
the motor. Generally the combined period for a single
cycle of periods 336, 346 and 350 is 1 millisecond.
[000213] It should be recognized that this use of
inductance measurement sensing to monitor rotor position
and regulate the energization of windings can be used in
situations other than when the handpiece motor 36 is
operating in a low speed state. This inductance
measurement sensing can be used to regulate winding
energization even when the motor is stopped, a 0 RPM
speed. Thus, inductance measurement sensing can be used
to regulate motor start up when the handpiece is
initially actuated. Inductance measurement sensing can
also be used to regulate motor actuation when, as a
result of the motor developing an amount of torque that
approaches or equals the maximum torque it can develop,
the motor rotor slows to a very low speed or even stops.
[000214] A step in the inductance sensing of rotor
position that is also practiced involves comﬁutation
state calculation. Specifically, in the system 30 of
this invention, motor processor 224 does more than base
commutation state on a calibrated and normalized measure
of motor phase inductance. Motor processor also reviews
whether or not after one given commutation phase in
inductance sensing is determined, the next determined
phase is appropriate. Based on this determination, motor
processor then placesithe motor 36 in the next
appropriate commutation state. This process can be
understood by reference to the flow chart of Figure 29.

Step 350, represents the transition from one peak sensed
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inductive current phase to a second peak sensed inductive
current phase, After this transition occurs, in

step 352, motor processor 224 determines whether or not
the second peak sensed inductive current phase is one
that is immediately adjacent the previously determined
first peak sensed inductive current phase. By way of
example to the calibrated and normalized peak currents of
Figure 28, if the immediate past current phase was the M3
Negative phase, than the immediately adjacent phases are
the M2 Poéitive, in one direction, and Ml Positive phase,
in the opposite direction. In step 352 if the sensed
phase is from one of these two phases, it is assumed that
motor is working properly. Then, in step 354, motor
processor 224 instructs the appropriate FPGA 228 to make
the next appropriate commutation shift of the
energization signals applied to the windings.

[000215] However, in step 352 it may be determined, for
example, that immediately after the M3 Negative sensed
inductive current phase is highest, the next sensed
highest inductive current is from the M3 Positive phase.
This is because due to manufacturing tolerances, during
the transition between from M3 Negative and the

M1 Positive phases being highest, the inductive sensed
current corresponding to the M3 Positive phase is
highest.

[000216] In response to this determination, in step 356,
motor processor 224 determines whether or not the peak
indﬁctive sensed current for this hew-phasé is reaches a
level that is significantly higher than level for at
which the phase transition between sensed currents.
occurs. In present example, motor processor 224 would
only switch from motor driving based on the M3 Negative

sensed phase to driving based on the rotor being in the

61



WO 2006/039331 PCT/US2005/034800

M3 Positive phase, if the normalized inductive sensed
current for the M3 Positive phase exceeds that of the
last measured M3 Negative phase by a value of 0.5.
[000217] 1If, in step 356, it is determined that the
apparently out of sequence inductance measurement is
appreciably higher than the preceding measurement, the
measurement is accepted as accurate. Step 354 is
executed. In this version of step 354, motor

processor 224 instructs the appropriate FPGA 228 to make
the next appropriate commutation shift of the
energization signals based on the motor being in the
detected phase.

[000218] Alternatively, in step 356 it may be determined
that the apparently out of sequence inductive measurement
is below this threshold value. If this determination is
made, this highest determined inductive sensed phase is
ignored. Instead, step 350 is reexecuted. In this, and
in all executions of steps 350 and 352, inductance
sensing monitor module 396 basis its determination on
whether or not there has been a change in motor phase
when the next expected phase is only marginally higher
than the present phase. In the present example, the
calibrated and normalized inductance sensed signal for
the expected Ml Positive stage only has to be 0.1 higher
than that of the present phase, the M3 Negative phase,
for the motor processor 224 to determine that the motor
rotor is now in a position corresponding to the

M1 Positive phase.

[000219] 1In step 356 it may be determined that the out-
of-sequence inductance sensed measurement is appreciably
higher than the value of the inductance sensed
measurement of the last phase. This “last phase

inductance sensed value” is from the crossing of the two
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inductance sensed signals. If this event occurs, it is
interpreted by motor processor 224 as meaning that the
motor rotor is actually in the position indicated by this
new highest inductance sensed measurement. In this
event, motor processor applies energization signals to
the motor windings based on this new determination of
rotor position.

[000220] An advantage of this feature of system 30 of
this invention is that it essentially eliminates the
likelihood that small out-of-sequence determinations of
next highest motor phase that occur because of operation
glitches and motor winding variations do not cause the
motor controller 86 to incorrectly energize the windings
based on erroneous determinations of rotor position.
[000221] Motor processor 224 of this invention further
configured to adjust the gain and offset constants for
the motor phases. Specifically as indicated by the flow
chart of Figure 30, in step 362 motor processor 224
determines, for each motor phase, whether or not, for a
rotation of the rotor, the calibrated and normalized
inductance sensed measurements are within a predefined
window. This window can, for example be between -0.1 and
1.1. If in step 362 it is determined that the calibrated
and sensed inductance sensed measurements for the phase
are in this range, no recalibration is performed.
[000222] However, in step 362 it may be determined that
the calibrated and normalized inductance sensed
measurement is outside of the defined window. If this
state is detected, in step 364, motor processor 224
performs adjustments of the gain and offset coefficients.
These adjustments are performed iteratively until, in a
subsequeht execution of step 362 it is determined that

the calibrated and normalized inductance sensed
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measurements for the motor phase are within the defined
window.

[000223] This feature of the invention ensures that
shifts of the inductance waveforms over time due to
changes in temperature and component wear do not result
in incorrect motor states from being calculated.

[000224] Still other methods of performing this
recalibration is by locking the motor rotor in set of
known positions and then taking inductance measurements.
Recalibration is then made based on the measured
inductance. Long term averages of sensed inductance
measurements can also be employed to determine how to
appropriate adjust the gain and offset values.

[000225] In some versions of the invention, display
controller 64, through the NOVRAM interface 78, writes
the recalculated gain and offset values from the motor
phases into the handpiece EEPROM. These data are then
read by the display calculator and used the next time the
handpiece 34 is plugged into the control console.
[000226] In practice, this on the fly recalibration of
the motor pole gain and offset values may be performed as
soon as the inductance sensing process is initialized.
The maximum and minimum normalized sensed inductance
values are captured. If through a rotation of the motor
rotor it is determined the peak-to-peak normalized sensed
values exceed a value of 1.0 or are less than 1.0, the
gain and offset values are recalculated by the motor
processor 224 for this current run of the handpiece 34.
[000227] Many handpiece motors are constructed so that
when rotor position based control switches from the
'inductance sensing mode to the BEMF sensing mode that
energization sequence for the windings remains constant.

Some motors 36 are, however, constructed so that when
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control shifts from between the inductance sensing and
BEMF sensing modes, the energization sequence of the
windings is reversed. Handpiece NOVRAM 72 thus contains
a data flag, represented by BEMF/IS Reverse Energization
Sequence field 368 in Figure 27. The setting of this
flag in field 368 indicates whether or not motoxr
controller 86 upon switching between BEMF sensing and
inductance sensing of rotor position should reverse the
energization sequence of the windings.

[000228] Based on the setting of the flag in field 368,
motor processor 224, upon changing sensing modes
selectively also reverses the sequence in which the
windings are cémmutated. _

[000229] The above means of inductance sensing
monitoring of motor rotor position is used to control the
operation of the handpiece so the handpiece can provide
the maximum amount of torque. In an alternative method
of inductance sensing of rotor position, control

console 32 is able to also provide precision speed
regulation of the handpiece motor to 0 RPM.

[000230] Specifically, in alternative version of this
invention, a mathematical model of the inductance sense
signal profile for a single motor pole is developed,

step 372 in Figure 31. A Fast Fourier Transformation can
be used to create this model. (It is understood that not
all inductance sensed signals have the sine wave profile
of motor poles depicted in Figure 28. The coefficients
describing this signal profile are stored in the
handpiece NOVRAM, field 370 in Figure 27. These data are
provided to the motor processor 224 in the initialization
packet, step 374.

[000231] Upon receipt of the data, the motor

processor 224 uses the data describing the single signal
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profile to develop a table indicating for every degree of
rotor position, the excepted inductance sensed signal for
each of the motor phases, step 376. When the handpiece
motor is in the inductance sensed mode, the calibrated
and normalized inductance sensed signal values for each
of the six motor phases are determined from the measured
data, step 378. These six calculated values are then
matched to the closest set of table values, step 380.
Thus, the matching of step 380 serves to determine, based
on the plural inductance sensed calibrated and normalized
values, the angular position of the motor rotor.

[000232] Steps 382 and 384 are repeats of steps 378 and
380, respectively, at a later time. Based on the
difference in determined rotor position from steps 380
and 384 divided by the time difference, motor

processor 224 is the able in step 386 to determine rotor
speed.

[000233] The above method of inductance sensed speed is
employed at low speeds where the BEMF signals typically
are not strong enough to facilitate precision speed
control. Generally, low speed for this type of control
is consider a speed of 15% or lower of maximum motor
speed, and more often a speed of 10% or lower of maximum
motor speed.

[000234] The method, inductance sensing for inter-
commutation rotor position determination, can be used to
determine rotor position for speeds down to O RPM.
[000235] The means by which system 10 of this invention
monitors the BEMF signals is now explained by reference
to Figures 34A and 34B. Line segment 440 of the plot of
Figure 34 illustrates the theoretical rise in the BEMF
signal across the unenerQized winhding 234. Arbitrarily,

line segment 440 can be considered the monitored BEMF
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signal across a first winding, the Bl SNS signal. Line
segment 442 can be considered the monitored BEMF pulse
across a second winding, the B2 SNS signal. ILine
segment 446 can be considered the monitored BEMF pulse
across a third winding, the B3 _SNS signal. The pattern
then xepeats.

[000236] 1In actuality, the changes in the switching of
the commutation phases of the windings, a glitch is often
present in the initial phase of a BEMF signal because of
flyback currents. This is represented in by the down
voltage glitch pulse 448 associated with line

segment 442.

[000237] 1In order to avoid false determinations of rotor
posit ion based on these glitches, the FPGA BEMF monitor
modul e 394 integrates the measured BEMF signals over
time. More particularly, module 394 only integrates a
particular BEMF signal starting from the time at which
the signal is one-half through its rise or fall. Thus,
with regard to the signal represented by line

segment 440, BEMF monitoring module 394 only integrated
the signal from the time represented by point 450. The
BEMF signal represented by line segment 442 is only
integrated from the time represented by point 452. The
BEMF signal represented by line segment 444 is only
integrated from the time represented by point 454.
[000238] The integrations of these BEMF signals are
represented by the area under the integration curves in
Figure 34B. The BEMF monitor module 394 integ}rates ‘each
BEMF signal until a defined common threshold wvalue is
reached. This threshold value comes.from the NOVRAM 72
in the initialization packet. This threshold value is

represented by point 458 in Figure 34B.
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[000239] The time of the initial half way point for the
initial BEMF signal, point 450 in Figure 34A, comes from
the commutation logic module 392. Module 392 also
provides data upon which the time of second and third
half way point, points 452 and 454, respectively, can be
determined.

[000240] BEMF monitor module predicts when the next half
way point, point 456 in Figure 34A, according to the
following process. Initially, module 394 determines when
the peak integration value associated with the BEMF
signal of line 440 occurs, point 458 on Figure 34B.

Then, the time at which the threshold value associated
with the BEMF signal of line 442 occurs, point 460. The
time between these two events is the actual time the BEMF
signal of line 442 was at its true half way point. (For
any given half-way time point of the BEMF signal, the
difference between the predicted time and actual time is
nonminal.)

[000241] BEMF monitor module 394 determines the time at
which the integration threshold value associated with the
BEMF signal of lime 446 is reached, point 462. Based on
the time difference between the threshold values of
points 460 and 462 occurred, module 394 determines the
actual time, the BEMF signal of line 446 reached its
half-way point. At this time BEMF monitor module 394 has
in its memory data,indicatiné when the signal of half way
point 454 should have occurred and the time difference
between wheﬁ the half-way points of the transits of the
BEMF signals of lines 442 and 446. BEMF monitor

module 394 adds this time difference to the time at which
the half-way transit represented by point 454 occurred.
This sum is the prediction of when the BEMF signal
represented by line 455 will occur, point 456. The BEMF
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monitoring module 394 thus starts it integration at this
time.

[000242] 1In other versions of the invention, BEMF
monitor module 394 may start integration before or after
the half-way point of the BEMF signal transit. Generally
though, switch glitches are over before this half-way
point.

[000243] The half-way transit times of the transits of
the later BEMF signals are repeatedly calculated in this
manner. Thus, when the slope of the BEMF signals change
as a result of speed changes of the handpiece motor 36,
the predicted times of the half-way points of the
signal’s transits will similarly change. Thus, the half-
way transit times predicted by the BEMF monitoring
module, the times at which the module starts its
integration process will, ewven with speed changes,
closely approximate the true times.

[000244] It should be appreciated that the reason the
signal is BEMF signal is integrated, as opposed to the
monitoring of the occurrence of a zero crossing, is to
eliminate false determinations of motor phase due to high
frequency noise.

[000245] Figures 35A and 35B collectively illustrate the
structure of a handpiece interface 70 of this invention.
Tnterface 70 is able to connect to four devices integral
with a handpiece 34 to which the interface is connected.
For drawing simplicity, the connection circuit to only a
single device, labeled the HP_DEVx connection is shown.
Tnterface 70 is able to tramsmit and receive both analog
“and digital signals to each handpiece device to which it
is connected.

[000246] Handpiece interface 70 includes an in;cerface

controller 470. One suitable interface controller 470
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can be constructed from the ATmega8 microcontroller.
Controller 470 has an internal analog to digital

circuit 472 for digitizing analog signals received from
the connected handpiece devices. Controller 470 serves
as the interface between the connected handpiece 34 and
the display controller over bus 76. BAnalog signals
interface controller 470 outputs to any handpiece device
are output in digital form to a digital to analog
converter 474. One suitable converter 474 is available
from the Texas Instruments Corporation.

[000247] Interface 70 has a precision wvoltage

supply 476. Voltage supply 476 outputs a précising 5 VDC
voltage to the handpiece 34, the HP_REF signal. This
voltage is then available to any components internal to
the handpiece that may require a precision voltage. A
current monitoring circuit 478 monitors the current of
the HP REF signal. If this current exceeds a certain
level, it is assumed that there is a fault internal to
the handpiece. If this current level is detected,
monitoring circuit 478 forwards a fault signal to
interface controller 470. Interface cornatroller 470, in
turn, sends an appropriate fault message to display
controller 64.

[000248] Upon receipt of the fault message, display
controller 64 presents an appropriate warning on

display 42. Display controller 64 also inhibits the
actuation of the handpiece 34 based on any signals
generated by the handpiece sensors, the on handpiece
controls. This is because the high curxent HP REF signal
is assumed to indicate there is malfuncttion with these
controls.

[000249] Handpiece interface 70 also imcludes a
handpiece power supply 480. Power supply 480 provides a
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power signal to the handpiece, the HP_PWR signal. This
signal is available to any device internal to the
handpiece other than motor 36 that may need power. Swuch
a device may be a transmitting unit that is part of
surgical navigation system.

[000250] Analog signals from the handpiece device
through the HP DEVx connection travel from the connection
through an RC filter that includes three series connected
resistors 482; 484 and 486. This filter also includes
capacitors 488 and 490. Capacitor 488 is tied betweem
the junction of resistors 482 and 484 and ground.
Capacitor 490 is tied between the junctions of

resistors 484 and 486 and ground.

[000251] It is observed from Figure 35B that the HP_DEVx
connection is also attached to the inverting input of a
buffer amplifier 492 through a resistor 4%94. The non-—
inverting input of buffer amplifier is connected to
digital to analog converter 474. When the handpiece
NOVRAM 72 data indicates analog signals are to be
received from the connected device, based on instruct ions
reéeived from display controller 64, interface

controller 470 configures the circuit. Specifically
interface controller 470 causes digital to analog
converter 474 to assert a signal to the non-inverting
input of amplifier 492 that disables the amplifier.

Since the amplifier is out of the circuit, signal flow is
solely from the HP_DEVx connection to the RC filter.
[000252] The signal from the RC filter, the signal out
of resistor 486 is applied to the controller analog to
digital converter 472 for processing by the

controller 470

[000253] In the event interface 70 is to output an

analog signal to a handpiece device, controller 470

71



WO 2006/039331 PCT/US2005/034800

activates buffer amplifier 492. A digitized version of
the signal is output from controller 470 to digital to
analog converter 474. The analog signal produced by
converter 474 is applied to the non-inverting input of
buffer amplifier 492. Note a pull down resistor 496 is
also tied between the non-inverting input to

amplifier 492 and ground.

[000254] The analog signal out of amplifier 492 is
applied through a diode 498 to the HP DEVx connection.
[000255] Digital signals into interface 70 take the same
conductive path from the HP DEVx connection to
controller 470 as the analog input signals. When digital
signals are received, controller 470 disables its analog
to digital converter 472. Consequently, the input
signals are processed as digital signals.

[000256] Digital signals transmitted by the interface
are transmitted by controller 470 through the controller
terminal through which analog signals are normally
received. The digital output signals thus pass through
resistors 486, 484 and 482 to the HP DEVxX connection.
[000257] In Figure 34B two zenner diodes 500 are shown
reverse bias connected between the 5 VDC bus and ground.
The junction between diodes 500 is connected to the
junction between resistors 482 and 484. Two diodes 502
are similarly series connected and reverse biased between
the 5 VDC bus and ground. Diodes 502 are connected at
their common junction to the inverting input of buffer
amplifier 492. Diodes 500 and 502 thus provide voltage
protection for the interface.

[000258] In some versions of the invention a relay may
be connected hetween the HP-DEVx connection and the
interface cirxcuit. This relay, when a;tuated, attaches

the relay to the RFID interface 78. Thus, this relay is

72



WO 2006/039331 PCT/US2005/034800

actuated to connect the HP DEVx connection to the RFID
interface 78 when the handpiece component is antenna
designed to inductively exchange signals with a RFID
associated with the handpiece.

[000259] It should be recognized that another feature of
system 30 of this invention is that the display
controller 64, motor controller 224 and the FPGAs 228 are
totally reprogramable. For example, by entering
instructions through the 1394 Interface 68, the
algorithms of the PID modules 406 and 414 can be
significantly modified. Thus, one or more of the motor
drive and sense circuits 210 can be reset to operate in a
direct drive mode or provide open loop control.
Similarly, one or more the motor drive and sense

circuits 210 can be reprogrammed to supply the
energization signals to a handpiece 34 with a power
consuming component that does not include a motor. Such
handpieces include RF ablation tools, light emitting
devices, electracautery devices and devices that drive
ultrasonic tissue forming accessories.

[000260] Further, system 30 of this invention is
configured so that, when necessary, console 32 does not
temporarily reduce the power supplied to one

handpiece 34. 1In this version of the invention,
handpiece NOVRAM 72 has a power sharing fl;g. This flag,
when present, indicates that the handpiece can be
operéted in the manner described above wherein, if it
appears the demands on the power supply 90 will start to
exceed what it can provide, the powei to the handpiece
can be momentarily stopped in order to reduce the overall
power drawn by the handpiece. Returning to Figure 27,~it

can be seen that this flag is present/absent in a
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field 540. The state of the flag is read with the other
data read from the handpiece NOVRAM 72.

[000261] In this version of the invention, the display
controller 64 stores data indicating the maximum amount
of‘power each attached handpiece could potentially draw.
These data are stored in three fields 542a, 542b and
542¢c, represented by Figure 36, associated with the
display controller 64. Display controller 64 also stores
data in a field 544 indicating at any instant, the
potential maximum power that can be drawn by the
currently actuated handpieces. For reasons that are
apparent below, in versions of the invention with just
two drivers 210, these data may simply be a pointer to
the one field 542a, 542b or 542c¢c associated with the
currently active handpiece. In such a situation, the
pointer has a zero value when no handpiece is actuated.
[000262] The process by which the motor driver operates
a handpiece that cannot be subjected to power sharing
induced current interruptions is now explained by
reference to Figure 37. 1Initially, in a step 548, the
display controller 64 receives an indication that the
surgeon wants to use a particular handpiece x. Based on
the data read from the power sharing flag field 540 of
the handpiece NOVRAM 72, display controller 64 determines
if the handpiece power consuming module can be operated
in the power sharing state, step 550. If the handpiece
can be so operated, the display controller 64, in a

step 552, sends a conventional initialiiation packet to
the motor processoxr 224 so the handpiece can be actuated.
Then, in the event the PSI_LMT gignal is asserted, the
power applied to the handpiece may be momentarily negated

as described above.
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[000263] However, if the flag in field 540 indicates the
handpiece cannot be operated in the power sharing mode,
the PSI limit module 430 proceeds to a step 554. 1In

step 554, the PSI limit module 430 based on the data in
field 544 indicating the maximum power the currently
actuated handpiece/handpieces could draw and the data in
field 542x indicating the maximum power this new
handpiece determines the new potential maximum power draw
for all handpieces. In a step 556 this power draw level
is compared to the maximum power power supply 90 could
produce.

[000264] If the comparison of step 556 indicates that
the total potential power the actuated handpieces could
draw is within the amount the power supply can provide,
step 552. Since, collectively, the amount of power the
actuated handpiece could draw is less than the amount
power supply 90 is capable of providing, there is no
possibility that the PSI_IMT signal will be asserted.
This means neither handpiece will have to be subjected to
a power sharing operation.

[000265] Alternatively, in step 556, it may be
determined that, potentially, the overall powér that the
handpieces, including the newly actuated handpiece, could
draw exceeds the amount power supply 90 is capable of
providing. In this event, the display controller does
not output a initialization packet in order to start the
process for energizing the new actuated handpiece. This
non-event is represented by step~558. As part of the
process of inhibiting the actuation of the handpiece,
display controller 64 may generate a message stating why
the handpiece was not actuated on display 42.

[000266] Eventually, the previously actuated handpiece

is deactivated, step 560. Upon this event occurring, the
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display controller revises the data stored in field 542
to reflect the potential current drawn by the presently
active handpieces. Again, if there are only two

drivers 210, this current is zero.

[000267] Steps 554 and 556 are reexcuted. This time
step 556 is executed. display controller determines that
the power supply 90 is able to supply all the power the
handpiece not capable of power sharing will potentially
draw. Therefore, step 552 is executed.

[000268] It should further be appreciated that a similar
process is executed by the display controller 64 while a
handpiece that cannot power share is being supplied with
an energization signal. Here, steps identical to

steps 554 are executed to determine if the power supply
can supply the power the currently active handpiece may
require. If the determination tests negative, even if
the newly actuated handpiece can power share, display
controller 64 inhibits actuation of the newly actuated
handpiece. Actuation of the new handpiece remains
inhibited until the handpiece not capable of power
sharing is deactived. (

[000269] An advantage of this version of the invention
is that it ensures that handpieces that should not be
subjected to the momentary power limiting of the power
sharing process are so power limited.

[000270] System 30 of this invention is further
constfucted to provide a programmed, current limited
energization signal to certain heavy duty power consuming
surgical handpieces 34. Often this type of handpiece is
provided with an energization charge from a battery.
While using a battery to provide power does offer
advantages, one limitation is that the battery can only

deliver the power stored within its cells. Once the
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battery charge is depleted, if continued use of the
handpiece is desired, the surgical procedure is
interrupted in order to remove and replace the battery.
[000271] Thus, some surgeons prefer powering this type
of handpiece with a device known as a “corded battery
pack” 560 now described with respect to the schematic
drawing of Figure 38. Battery pack 560 includes a step
down transformer 562. The M1P and M2P terminals from the
H-bridge 212 are tied to the opposed ends of the primary
winding of the transformer 562. A rectifier 564 is
connected to the secondary winding of the

transformer 562. The output signal rectifier 564 is a
ripple-reduced DC energization signal. This signal is
applied to the handpiece 34 to which the battery pack 560
is attached as the energization signal. Some battery
packs 560 are designed to output a 10 VDC energizaiton
signal.

[000272] Battery pack 560 does not employ either the
bower or ground connection that can be provided by
through the H-bridge 212 M3P terminal. Therefore, during
the application energization signals to battery pack 560,
the M3P terminal is not connected to the battery

pack 560.

[000273] An energization signal is applied to
alternatingly and sequentially establishing power and
ground connections to the transformer winding through the
H-bridge M1P and M2P terminals. Figures 39A and 39B
illustrate the sequence in which tﬁese connections are
established. Figure 39A represents the H-bridge ‘
connections of one terminal, arbitrarily the M1P
terminal, bétween the 40 VDC power line and ground.
Figure 39B represents the connections of the second

terminal, arbitrarily the M2P terminal. Pulses 566, 570,
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574 and 578 of Figure 39B represent periods of time in
which the 40 VDC power signal is applied to the
transformer 562 through the M2P terminal. At these
times, as represented by the waveform of Figure 393, the
opposed end of the transformer 562 primary winding is
tied to ground through the M1P terminal. Between the
time periods in which the power signal is applied to the
transFormer 562 through the M2P terminal the power signal
is applied to the transformer through the M1P terminal.
This is represented by pul'ses, 568, 572 and 576 of
Figure 39A. At these times, the H-bridge 212 established
a ground connection between the transformer primary
through the M2P terminal.

[000274] It will further be observed that each
disconinection of the transformer 562 from the 40 VDC
power rail through a first one of the MxP terminals is
not accompanied by a simultaneous connection to the power
rail through the second MxP terminal. Instead there is a
dead time between when the current flow is a first
direction through the transformer 562 and when it starts
to flow in the opposite direction. In Figure 39A, the
time between dashed line 580 (the time when pulse 566
ends) and the start of pulse 568, represents one of these
dead time periods. In Figure 39B, the time between
dashed line 582 (the time when pulse 568 ends) and the
start of pulse 570 represents a second dead time period.
[0002°75] While not illustrated, it is appreciated that
corded battery 560 has a NOVRAM similar to handpiece
NOVRAM 72. The data internal to the battery NOVRAM
includes instructions indicating that, in orxrder to
provide an energization signal to the battery, only the
M1P amad M2P terminals of the associated H-bridge 212 are
toggled between the power supply line and ground. As
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represented by Figure 40, also internal to the corded
battery NOVRAM are switching frequency and dead time data
fields 588 and 590, respectively. Switch frequency
field 588 contains data indicating the frequency at which
the energization signal should be applied to
transformer 562. Dead time field 590 contains data
indicating the period of the dead time, Tpgap rmve, between
the successive periods in which the one end of the
transformer primary winding is tied to the power supply
"line. These data are, like the other data retrieved from
the battery NOVRAM, stored by the display controller 64
when the corded battery 560 is first attached to the
control console 32.
[000276] When the display controller 64 sends an
initialization packet to the motor processor 224 in order
to start the application of energization signals to the
corded battery, the switching frequency and dead time
period data are included. Based on these data, the motor
processor 224 determines the period in which each pulse
566-578 is to be asserted, Tpuse. First, based on the
switching frequency data, motor processor 224 determines
the cycle time, Tcvicrz, for a single sequence in which the
energization signal is to be applied to the
transformer 562 f£rom both the M1P and M2P terminals. The
time period for each pulse is determined according to the
following formula:

| Teones = .5 (Teyicie = 2Tpeap_rive)
[000277] The Tpyrse and Tpgap rme vValues are then. forwarded
to the FPGA 228 responsible. fof applying the energization
signal to the corded battery 560. Based on these data,
the FPGA ensures that the opposed ends of the transformer
windings are, through the M1P and M2P terminals, tied to
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the power supply rail and ground in the appropriate
sequence.

[000278] This feature of system 30 of this invention
makes it possible for control console 32 to apply the
high powered energization signals needed by a transformer
in the sequence that is best suited for that transformer.
Such a transformer, in addition to be located in a device
such as a corded battery, may also be contained within a
powered surgical handpiece itself.

[000279] Control console 32 of this invention, also
monitors and regulates the current drawn by

transformer 562. Specifically, current flow through the
primary winding of transformer 562 is monitored by
monitoring the OVERLIP/OVERLIN version of the ISENSE
signal. This signal is monitored by the FPGA module 419.
Figure 39C illustrates the current waveforms. This
Figure comprises a number of waveforms 602-—614.' Each
waveform 602~614 corresponds to the current flow through
the transformer 562, during a separate one of the
energization pulses 566-578, respectively. It is further
observed that there is & small time gap between the start
of one waveform 602-614 and the start of the subsequent
waveform. This reflects the presence of the dead time
time period between each energization pulse 566-578.
[000280] Returning to Figure 40 it can be seen that the
corded battery memory also contains a maximum current
field 616. Field 616 contains data indicating a value
representative of the maximum allowed current flow
through the transformer. These data are part of the data
also supplied to the motor processor 224 as part of the
initialization packet.

[000281] BRased on the data in the maximum current

field 582, motor processor 224 determines a value for the
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maximum total current the transformer 592 should draw
during a single energization pulse, Imxx of Figure 39C.
The module 419 continually monitors the devel of the
current waveforms 602-~614 to see if any xeach the Imuax
level. 1In Figure 39C, waveform 610, the waveform
associated with pulse 574 of Figure 39B, is shown as
reaching the Iwax level. When this occurs, module 419
immediately opens the H-bridge MxP termimal through which
the transformer is tied to the power supply rail to
ground. In Figure 39B this is seen in that pulse 574 has
a shorter period than pulses 566, 570 and 578.

Module 419 continues to hold the MxP opexm through both
the conclusion of the period in which the terminal would
otherwise be tied to the power supply rail and the
subsequent dead time period. Then, at the time normally
scheduled the second MxP terminal is tied to the power
sﬁpply rail. This is seen in Figure 39A in that the time
between the starts of pulses 572 and 576 is the same as
the time between the starts of pulses 568 and 572.
[000282] Console 32 of this invention thus does more
than apply power to devices such as transformer 562.
Console 32 is also capable of ensuring that the amount of
power provided to the device does not exceed the amount
of power the device is designed to consume. Further in
the event the device continually tries to draw power at
the limits of its ability to so consume power, the
console will continue to provide the power at the
frequency at which it should be provided to the device.
[000283] Control console 32 of this invention is also
configured to respond to out of bounds events that occur
during the actuation of a handpiece 32 as function of the
severity of the event. Figure 41 is a £low diagram of

how the console responds upon receipt of information
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regarding the occurrence of an event, called an error .
In a step 620 the motor controller 86 reports the
occurrence of the error, and a code identifying the type
of error to the display controller. In a step 622,
display controller 64 determines if the error is the
lowest form of error a “warning”. This type of error is
the type of event that does not damage either the
console 32 or the handpiece 34. One such warning-type
error is the handpiece 34 drawing more power than it is
intended to draw. If, in step 622 it is determined the
error is a warning-type error, the display controller, in
a step 624, logs the occurrence of the error. The
display controller does not cause operation of the
handpiece to be interrupted.
[000284] The next higher level error is a “fault” error.
" This type of error could potentially cause immediate
damage to the console or handpiece. Examples are fault-
type errors are the voltage across the handpiece powe r-—
consuming unit appreciably dropping or a divide-by-zerxo
event occurring in the motor controller 86. Step 626
represents the display controller 64 determining, based
on the error code, if the occurred error wés a fault
error. If the error is a fault error, in a step 628, the
occurrence of the error is logged. Also shown as part of
step 628 is the deactivation of the handpiece associated
with the error.
[000285] 1In a step 630, the display console presents on
the display 42 data indicating that error occurred and
that for the handpiece to be restarted, it must be cycled
off and then back on. Step 632 represents the waitimg
for the cycling of the switch used to regulation

actuation to occur. Once the handpiece control switch is
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so actuated, the display controller 64 allows the
handpiece to be reactuated, step 634.

[000286] If an error is neither a warning nor a fault,
it is the most serious type of error, a lockdown error.
An example of such an error is a disabled FET 242, 244 or
a stuck relay 304, 306. If the tests of steps 622 and
626 are both false, then, by default, the error is a
lockdown error. 1In this case, in a step 638 the display
controller 64 logs the error. As further represented by
step 638, display controller 64 prohibits energization of
any of the handpiece attached to it. Display

controller 64 also presents an appropriate image on
display 42 informing the surgical personnel of the error.
The surgical personnel are invited to clear the error by
cycling the console by power down and then powering the
console back up. Step 642 represents the console 32
waiting for this event to occur. Step 644 represents the
subsequent reinitialization of the console 32. '(Most
likely though, lockdown-type error is due to a hardware
problem that cannot be remedied by off and on cycling of
the console.)

[000287] Console 32 is thus further designed so that,
the action taken in response to the occurrence of an
error is a function of the severity of the error. Minor
errors do not result in the interruption of the actuation
of the handpiece that may have been the source of the
error. The console gives surgical personnel the '
opportunity to determine if a mid-level erxror can be
corrected by the momentary cycling off and on of the
handpiece. Only if a major error occurs does the console
require a complete power down and powering back up of the

console.
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[000288] Moreover, the console logs when the error
occurred, the type of error and the handpiece with which
the error is associated. This provides maintenance
personnel with the ability to identify the sources of
certain errors.

[000289] When a handpiece is operated in a oscillate
mode, confrol console 32 of this invention regulates the
period in which the motor 36 is to be run in any given
direction as both a function of motor rotation and time.
By way of background it should be understood that some
surgical handpieces such as shavers are operated in
oscillate mode. In this mode the motor 36 and attached
cutting accessory 35 are actuated in a first direction
and then in the reverse direction. The cycle is then
repeated. This movement is desirable so that the cutting
accessory 35 can, over time, excise the section of the
tissue against which the accessory is applied.

[000290] The process by which motor processor 224
regulates for how long the motor is actuated to run in a
given direction, when the motor is run the oscillate mode
is now described by reference to the flow chart of
Figure 42. In an initial step 656, motor processor 224
makes a basic determination of the period it should take
the motor 36 to make the necessary number of shaft
rotations. The input variables into this determination
are: the number of rotations the motor shaft should turn
in a given single direction cycle; the speed at which the
motor shaft rotates; and motor acceleration rate. These
inputs variables are based on the default settings for
the handpiece based on any adjustments by the surgeon.
These adjustments may include the speed setting set for
the handpiece when it is to be driven in the oscillate

mode .
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[000291] Plot 657 of Figure 43 graphically illustrates
how the above variables are used to determine expected
actuation time. The initial portion of the plot, curved
segment 658, represents that extent of rotation, the
number of rotations of the motor rotor over time as it
accelerates from a zero speed state to a set speed state.
Linear segment 660 of plot 657 represents the number of
rotations of the motor over time when in the set speed
state. Thus, based on data describing these variables
and the number of rotations the motor rotor should turn,
motor processor 224 determines the total time the motor
should be actuated in order to make the expected number
of rotations, Trorate-

[000292] Once Tgporare is calculated, in a step 664, the
motor processor multiples the time period by a
compensation factor to determine a compensated rotation
time Tcowp rorare- This compensation factor is greater than
unity. In some versions of the invention, this factor is
stored in a field 665 in the handpiece NOVRAM 72

(Figure 27). This compensation occurs because the
resistance of the tissue being cut can slow the time it
takes the motor rotor to turn.

[000293] In a step 666 the motor is actuated. 1In a

step 668, the motor processor 224 monitors both the
number of rotations the motor rotor undergoes. It is
understood the rotation count is monitored by counting
the number of commutations through which the Windings 234
are cycled. Also in step 668, motor processor 224
monitors the time the motor is actuated. In a stép 670,
the motor processor determines if, based on the
.monitoring of step 668, the motor rotor has undergone the
set number of rotations. If the evaluation of step 670

tests true, in a step 672, motor processor 224 stops the
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motor and reverses the direction of motor rotor rotation.
The sequence is then repeated.

[000294] If the evaluation of step 670 tests false, in a
step 674, motor processor 224 tests to determine if the
time the motor is actuated is equal to or greater than
the compensated rotation time. If this tests negative,
steps 668, 670 and 674 are reexcuted.

[000295] However, if in step 674, motor processor 224
determines that the motor has run for more than the
compensated expected time in a single direction step 672
is executed.

[000296] Thus, in the event an oscillating cutting
accessory, such as shaver, abuts a section of tissue that
is difficult to excise, the accessory does not become
stuck against the tissue. Instead, system 30 of this
invention is constructed so that when the cutting
accessory is subjected to this obstruction, the accessory
changes directions. This increases the likelihood that
the repetitive oscillation of the cutting accessory
against the opposed sides of the obstructive tissue is,
over time, able to excise the tissue.

[000297] System 30 of this invention is further
constructed so that during the initial period at which an
energization signal is applied to a handpiece motor 36 in
order to actuate the handpiece, the handpiece is able to
develop torque above its normal limits.

[000298] Normally, as described in the incorporated by
reference U.S. Patent No. 6,017,354, the amount of torque
a handpiece is allowed to draw at any instant is a
function of motor speed. Generally, there is an inverse
‘relationship between the‘dnstantangous speed of the
handpiece motor and instantaneous amount of torque the

handpiece is allowed to develop. At start up, owing to
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the presence of body fluids and small bits of tissue, the
components of a cutting accessory may be subject to an
appreciable amount of static friction. Also, at start
up, tissue immediately adjacent the cutting accessory may
place a significant amount of resistance on the movement
of the cutting accessory. The presence of either of both
of these conditions mean it is necessary for the
handpiece motor to, at start up, deliver an appreciable
amount of torque in order to be able to move the cutting
accessory from its at-rest position. However, if the
control console limits the amount of torque the handpiece
motor 36 is allowed to develop, the console may not
provide the handpiece motor with the power required to
initially displace the cutting accessory.

[000299] System 30 of this invention overcomes this
potential inhibiting of handpiece actuating by, for a
limited time after the start of the application of the
energization signal, allowing the motor to 36 produce
more torque, draw more current, than the motor is
otherwise allowed to draw. The amount of additional
torque the motor is allowed to draw is obtained from a
start up torque field 678 (Figure 27) in the handpiece
NOVRAM 72 memory. The time period in which the motor is
allowed to produce this excess torque is obtained from a
start up torque time out field 680, Tpg rive our- Typically
the period in which the motor is allowed to develop a
higher initial torque is bétween 10 milliseconds and 1
second after start up. In some methods of this
invention, this start up period may last up to 3 seconds.
[000300] Plot 684 of Figure 44 graphically represents
this relationship. Line segment 686 graphically
represents the maximum amount of current the handpiece

motor is allowed to draw, the torque the motor is allowed
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to develop, immediately after the energization signal is
first applied. After time Tgg rivg our, the amount of
torque the handpiece is allowed to develop drops to a
lower level, represented by line segment 688. This
permitted boost of power output occurs because, before
time limiting occurs as a result of the display
controller, after time Tesg rime our, in the initialization
packet and subsequent speed set-point packets, the
display controller sends the motor processor 224 data
indicating that the handpiece can draw the higher
current. After time, Trro_rve_our, the display controller
forwards speed-set point packets with current limits that
are a function of motor speed.

[000301] Control console 32 is further configured to
preposition the relays 304 and 306 internal to the
mualtiplexer 222. The configuration of the relays is seen
in the diagrammatic view of one set of relays presented
in Figure 45. Here, relays 304a and 306a are shown as
the relays that establish the connection from the Driver
1 M1P terminal to the Ml connections of the sockets Si,
S2 and S3. Relays 304b and 306b are shown as the relays
that establish the connection from the Driver 2 M1P to
the same socket M1 connections. Here it can be seen that
the states of relays 306a and 306b are reversed. When
relay 306a is in the static state, it establishes a
connection to the Ml connector of the Sl socket. When
relay 306b is in the static state, it establishes aA
connection to the M1l connector of the S2 socket. This
ensures that, at boot up, the drivers are not connected
to each other.

[000302] Figure 46 is flow chart of the relay sequencing
of console 32. In a step 694, the motor processor 224

determines whether or not the relay 304a associated with
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Driver 1 has been switched to established a connection to
socket 83. Motor processor 224 continues to monitor the
Driver 2 to determine which of the remaining two sockets,
S1 or S2, to which it is connected. More particularly,
the motox processor monitors Driver 2 to determine if it
is connected to or becomes connected to socket Si,

step 696 . If Driver 2 is o becomes connected to socket
S1, in a step 698, motor processor causes the FPGA that
is part of Driver 1 to automatically actuates relay 306a
so the rely is tied to socket S2.

[000303] If relay 306a was not so prepositioned, the
following events would happen if Driver 1 was next
immediately used to actuate the surgical handpiece 34
attached to socket S2. Relays 304a and 306a would switch
to establish this connection. If relay 304a establishes
resets before relay 306b resets, then, momentarily, both
Driver 1 and Driver 2 are connected to socket Sl. This
could result in the energization signal output by

Driver 2 being applied to Driver 1. Clearly, such signal
flow could potentially damage the control console 32.
[000304] However, the above switching process of the
control console 32 of this invention avoids the
possibility of this event. Because of the execution of
step 698, relay 306b is already connected to socket S2.
Thus, when the Driver 1 receives a command to switch from
energizing the handpiece attached to socket S3 to the
handpiece attached to socket S1, the resetting of relay
304a immediately establishes the appropriate new
connection. There is no possibility the multiplexer
connection will establish a momentarily and potentially
damaging connection between Driver 1 and socket S1.
[000305] It should be understood motor processor 224

practices variations of the process of the flow chart of
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Figure 46 for the remaining MxP to Mx connections. Thus,
if Driver 2 is switchied to socket S3, the motor
processor 224 monitors whether or not Driver 1 is
connected to socket S2. If this evaluation is positive,
relay 306b is connected to socket S1l. Thus, in the event
the Driver 2 is to next apply an energization signals
through socket S1, only relay 304b needs to be switched.
The possibility that the cycling of relays 304b and 306b
will cause Driver 2 to momentarily be connected to
socket 82, (while Driver 1 is connected to the same
socket,) is eliminated.

[000306] Control comsole 32 of this invention is further
configured to, when a handpiece motor 36 is decelerated
between a first speed and a second, lower speed, apply
braking signals to the motor. Specifically, in this
version of the invention, the algorithm employed by the
SC PID module 406 outputé signals, based on actual speed
and the speed set point, that vary from 100% (full
acceleration) to -100% (full braking).

[000307] Figure 47A illustrates one method of outputting
braking signals accoxding to this invention.
Specifically, in states when the actual speed of the
handpiece motor 36 is less than the speed set point, the
speed control PID mociule 406 outputs drive signals to
cause the acceleration of the motor. The exact type of
drive signals, light, full or in between, are a function
of the difference between the actual speed and the speed
set point. When the actual speed of the motor 36 is
greater than the set point speed, the speed control PID
module 406 may output signals to cause anywhere from
light to full braking of the motor. As discussed below,
when there is only a small difference in the two speeds,

the PID module 406 may even actually only reduce the rate
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of the drive signals to the FPGA. If the difference in
speed is slightly greater, module 406 may assert neither
driver nor braking signals. Instead, the module 406
asserts signals that cause the motor to coast. As the
difference between the actual speed and set point speed
increases, speed control PID mocdiule 406 outputs command
signals to cause the braking of the motor 36. The extent
of the braking is further function of the magnitude of
the difference between the actual speed of the motor and
the lower, above 0 RPM, surgeon set speed.

[000308] In this version of the invention, only when
actual motor speed matches the set point speed does the
speed control PID module output coast signals. These are
signals that cause neither energization signal nor
braking signal connections to be made to the motor
winding. Instead, as is implied, the motor is allowed to
coast.

[000309] Figure 47B illustrates a second process for
determining when braking command signals are asserted.

In this process, when the handpiece motor is in a state
wherein the motor speéd is slightly less the set point
speed, the motor is allowed to <oast. Thus, in the event
the surgeon only slightly reduces the motor speed, the
speed control PID module 406 gemerates signals that allow
the motor to coast to the new, lower speed. This allows
for an even deceleration of the motor that it may be
difficult to accomplish if the motor rotor is braked.
[000310] In situations however, where there the motor
speed is appreciably greater than rotor speed, speed
control PID module asserts the command sighals to cause
braking as before.

[000311] It should also be understood that in both

processes the braking command signals module 406 when
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light braking signals may very. In some vexsions of the
invention, illustrated by Figure 47A, the imitial light
braking command signals cause the smallest amount of
braking the console can apply. As illustrated by

Figure 47B, the speed control PID module when generating
light braking signals may generate command signals that
cause more than the smallest amount of braking. This is
especially desirable when, as in the process of

Figure 47B, there is appreciable difference between motor
actual speed and the speed set point.

[000312] Data read from the handpiece NOVRAM, (data not
illustrated), can contain instructions for determining:
which process the speed control PID uses to generate
drive and braking signals; the extent of any speed dead
zones in which neither drive or braking command signals
are to be produced; and the type of command signal,
light/intermediate/full, that is to be generated as a
function of the difference between actual motor speed and
the set point speed. It should further be understood
that the amount of braking applied is gradual, not a
stepped amount. ‘

[000313] As mentioned briefly above, the £act the motor
actual speed is above the speed set point does not, in
all cases, cause the speed control PID module to output
signals that cause the motor to either coast or be
subjected to braking. For example, in the event the
surgeon sets the handpiece speed to operate at a speed
set point slightly lower than actual speed, the speed
control PID module may respond by merely resetting the
drive signals from 30% driver rate to the 20% drive rate.
In this event there is neither coasting mor braking. In
situations where the motor actual speed is appreciably

above the speed set point, the speed contrcol PID module
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will generate signals to cause coasting the 0% signal, or
braking signals <0%. The extent of compensation the
speed control PID module performs is a function of the
tuning constants loaded into the module for the handpiece
and the system dynamics. '

[000314] During the time period the handpiecé motor 36
is being braked, motor speed is monitored. This
monitoring is performed to determine if the actual motox
speed has dropped to sufficient level that the level of
braking can be first, reduced and then, totally stopped-
Motor speed during braking is performed by sequentially
monitoring the current flow through the windings 234.
Specifically, each MxIP/MxIN-based ISENSE signal
functions as a measuré of the current flow through the
associated winding 234 when the motor is being braked and
the motor rotor is rotating.

[000315] Figure 48 thus illustrates the process by which
the MxIP/MxIN-based ISENSE signals are measured to
determine rotor speed during the braking process. 1In a
step 702, the BEMF monitor module 394 or a functionally
similar module starts measuring one of the MxIP/MxIN-
based ISENSE signals; arbitrarily for this example the
M2IP/M2IN ISENSE signal. In a step 704 the BEMF

monitor 394 starts integrating the ISENSE signal at a
time after the signal is started to be monitored. As
with the BEMF monitoring itself, this delay is to
minimize false integration results due to the presence of
flyback currents. The output of this integration is thus
'essentially identical to the waveform of Figure 34B.
[000316] Eventually, the sum of the integration reaches
a threshold value, point 458 of the waveform of

Figure 34B, step 706 of flow chart of Figure 48. 1In a

step 708 the time this threshold value is recorded. In a
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step 710, the processes of steps 702 and 704 are repeated
for a second winding, arbitrarily the M3IP/M3IN ISENSE
signal. In a step 712 the sum of the second integration
reaches the threshold wvalue, point 460. In a step 714,
the time the threshold value. Then based on the
difference in times in which the threshold values are
reached, motor speed is calculated.

[000317] Control console 32 of this invention thus
provides a means, other than coasted deceleration, for
the motor to be slowed from a first speed to a second
speed.

[000318] Control console 32 also scales the torgue set
point profile of the handpiece motor 36 as a function of
any surgeon selected scaling of handpiece speed. This
process is understood by initial reference to Figure 49A.
Here plot 722 represents the maximum torque the motor is
allowed to develop at any given speed for the maximum
allowable motor speed. The actual line segments 724a,
724b, 724c and 724d forming plot 722 are based on four
torgque/speed set point values retrieved from the
handpiece NOVRAM 72 (data fields not illustrated) and the
maximum speed of the handpiece. Iﬁ Figure 494, points
726a, 726b, 726c and 726d represent the torque/speed
point wvalues. In Figure 49A, point 728 on the X-axis
represents the maximum operating speed of the handpiece
notor

[000319] There are times when the surgeon decides to set
the maximum operating speed to a set speed, for the
handpiece motor 36 to a speed less than the maximum
operating speed. Point 730 on the X~axis represents the
resetting of the motor set speed to a speed lower than

the maximum operating speed.
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[000320] When the motor set speed is so reset, display
controller 64 generates a torque set point profile. For
a given actual motor speed, ACT_SPD, this process starts
with the calculation of motor speed percent:

SPEED _PCT = ACT__SPD/MAX__SPD
Here MAX SPD is the actual speed at which the motor can
run. A set speed percent, SET SPD PCT is then found
using the formula

SET _SPD PCT = SET SPEED/MAX SPD
Here SET SPEED is the user set maximum speed. A constant
o is then calculated according to the formula:

o = SET_SPD_PCT - MAX FXD PCT

100 - MAX FXD PCT

Here, MAX FXD PCT is the last, rightmost, fixed point of
the torque speed plot of the handpiece. For the plots of
Figure 497, this is the percent at point 726a. This
value comes from the torque speed plot data read from the
handpiece NOVRAM 72.
[000321] A MAP SPD PCT value is then calculated
according to the following formula:

MAP SPD _PCT = MAX FXD PCT + o * (X - MAX FXD PCT)
Variable X is a percent from the root plot 722 of
Figure 49A of the speed that is being down adjusted.
Thus, to calculate the speed for point 738b variable X is
calculated according to the formula:

Xenr 738p = SPDenr 7260/ SPDenr 728
Here it is understood SPDexr 728 is the MAX SPD. Once the
MAP SPD PCT is calculated, the speed at the point is
calculated by multiplying this later percentage by the
speed from the corresponding plot point. Thus, the speed
at point 738b, SPD_PNT 738b is calculated according to
the following formula:

SPDeynr 7380 = MAP_SPD_PCT e SPDenr 726b
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The speeds of the subseguent points 738c and 738d are
similarly mapped from the speeds at points 726c¢c and 726d,
respectively.

[000322] Based on these new mapped speed points line
segments 740a, 740b, 740c and 740d are generated to
develop plot 734, the new torqgue set point profile for
the set point speed of point 730.

[000323] In this invention, when a surgeon runs a motor
at a reduced maximum speed the motor reaches its torque
limit sooner than it would without the torque mapping of
this invention. As a result, the motor speed starts to
slow sooner than this action would otherwise occur. This
feature of the invention provides the surgeon with
feedback, that appreciable torque is being applied to the
surgical site, sooner than the feedback would otherwise
be received. This enables the surgeen to, while
operating the handpiece 34 at lower than the highest
speeds, adjust motor speed to ensure that the handpiece,
without stalling places output the maximum amount of
force it can in order to perform the desired surgical
procedure.

[000324] Figure 49B is an alternative scaled torqgue map
that can be produced by this invention. Plot 750 is
identical to plot 722 of Figure 49A. Plot 752 is the
torque speed plot for the initial reduced maximum speed
setting. Here, both points 726a and 726b are the fiixed
points of the scaled torque maps. Thus in order to map
the additional reduced speed torgue speed set points the
speed at point 726b is used as the MAX FXD PCT.

[000325] Thus, line segment 724a forms part of plot 750,
plot 752 and the torque/speed plots of the other reduced
speed settings. Plot 752 is completed by calculating the
value for adjusted speed set points 754a and 754b using
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the above algorithms. Line segment 756b of plot 752 is
plotted between point 726b and point. 754a. Line

segment 756c is plotted between points 754a and 754b.
Line segment 756d is equivalent to line segment 740d of
plot 734.

[000326] It should be appreciated that in the plural
fixed point torque map scaling represented by Figure 49B,
at very low maximum speeds. When the motor is run at the
maximum speed, the handpiece may be able to generate
appreciable amounts of torgque until close to the stall
speed. Plot 760, which comprises line segments 724a and
762 represent this type of torque/speed relationships.
[000327] The number of fixed points in the scaled torque
maps are based is based from data read from the handpiece
NOVRAM 72. Alternatively, the surgeon is allowed to
custom set this factorx.

[000328] Control console 32 of this invention is further
constructed to monitor handpiece voltage drops and
current draws to ensure the system 30 is properly
functioning. An error detect module 770, shown as a
separate element in Figure 50 though understood to be
part of the FPGA 228, monitors both the PSV_SNS sigﬁal
and the OVERLIP/OVERLIN-based ISENSE signal. While the
handpiece is actuated, error detect module 770
continually monitors the PSV_SNS signal to evaluate if
the signal drops, from the te power supply voltage to
beléw a cutoff voltage level. In the version of the
invention wherein the power supply voltage is 40 VDC, the
cutoff voltage level is 30 VDC. If the power supply
voltage drops below the cuteoff veltage level, erxrror
detect module 770 asserts a fault-type error message.
[000329] During the periods when a handpiece 34 is not
actuated, error detect module 770 modules the OVERLIP/
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OVERLIN-based ISENSE signal. Specifically, this signal
is compared against a threshold signal to determine if
the handpiece is drawing current above a threshold level.
In some versions this threshold level is 50 mA. In the
event error detect module 770 determines the current draw
of the unactuated handpiece is above the threshold level,
the module asserts a lockdown-type error message. This
is because such true draw could indicate a fault in H-
bridge settings.

[000330] An inductance sensing calibration module
internal to the motor processor 224 (module not
illustrated) provides inductance sensing gain and offset
values. One process by which this module generates these
values is described by reference to the flow chart of
Figure 52. Initially, in step 776, the handpiece

motor 36 is driven for a short time. At this time, it is
necessary to use an open loop process to start the motor
from the zero speed position. In a step 778 the rotoxr is
stopped in a known position. This is accomplished by
momentarily established designed power and ground
connections to the windings 234. ‘For example windings Ml
and M2 may be attached to the power supply rail; winding
M3 is tied to ground. Immediately after step 778 is
executed, current flow is measured through each of the
windings 234, step 780. Current flow is measured in both
directions through the windings 234 so there are a total
of six measurements. |

[000331] After the initial set of current flow
measurements are made, in a step 782, the motor 36 is
again actuated in the open-loop mede. The motor is
stopped in second known position, step 784. This is, for
example, accomplished by tying the M1 and M3 windings to
the power supply rail and the M2 winding to ground. In a
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step 786 the six current flow measurements are again
made.

[000332] Then, in a step 788, based on the two sets of
current flow measurements the six (6) gain and six (6)
offset values needed to generate the normalized current
flow measurements are generated. These measurement may
then be stored in a flash memory integral with the motor
processor 224. Alternatively, these data may be written
to the handpiece EEPROM or NOVRAM

1000333] This method of this invention can bhe used at
start up to facilitate the generation of the normalized
current measurements needed for inductance sensed
determination of rotor position. In this situation the
self-generated gain and offset values serve as a
substitute or replacement for the values from the
handpiece NOVRAM. Post start-up, this method can be used
to provide adjusted gain and offset values to compensate
for any thermal or wear induced changes in measurement of
winding current flow.

[000334] The above-described calibration process is
executed in situations when the handpiece is calibrated
during the course of the surgeon’s use of the handpiece.
In such process, it should be understood that, after the
open loop process is used to initially actuate the motor,
the BEMF sensing is used to regulate higher speed
commutation. Thus between steps 776 and 778 and between
steps 782 and 784, the handpiece can be used in a
conventional mannex.'

[600335] Alternatively, the console could, upon the
coupling of the handpiece 34 to the conseole 32 subjects
the handpiece to the calibration process. In this
process, the console essentially first performs step 778

to move the motor rotor to a first known position. The
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measurements of step 780 are then taken. Then, bypassing
step 782, step 784 to position the motor rotor in the
second known position.

[000336] As discussed above, control console 32 has an
interface to facilitate remote control of the
handpieces 34 regulated by the system 30 of this
invention. In Figure 2A, the interface is shown as a
1394 Firewire interface 68. As seen in Figure 52, the
interface 68 facilitates the connection of the control
console 32 to a bus 792.

[000337] Other devices connected to bus 792 are a
navigation system 796 and a wired remote head 798. The
navigation system, as is known in the art, is used to
track the position and orientation of the handpiece 36
relative to the surgical site at which the procedure is
being performed. Wired remote head 798 allows the
surgeonn to enter verbal commands to the other components
connected to the bus 792. One such device is sold by the
Applicants’ Assignee under the trademark SIDNEE.
[000338] Another device connected to bus 792 is a
wireless head 802. Wireless head 802 is a received
capable of receiving signals emitted from a wireless
device. One such device for example is a wireless
footswitch. Integral with the wireless device is a
wireless transmitter 804. A wireless footswitch has the
same peddles and performs th9 same functions as a
conventional footswitch 44 (Figure 1). However, instead
of thé command signals being forward over a cable to the
console, the wireless transmitter 804 transmits them to
the wireless head 802. One suitable protocol for
forwarding wireless signals between transmitter 804 and

head 802 is wireless USB.
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[000339] The wireless head 802 continuously forwards
packets containing the ycommands to the control

console 32. Once the packet transmission instructions
are stripped from the packets by the interface 68, the
packet contents are forwarded to the display

controller 64. If a packet contains a command to start
actuation a handpiece 36, the display controller 64
generates the appropriate initialization packet to the
motor processor 224. After the handpiece is initialized,
based on the signals from the wireless device, display
controller 224 tramnsmits speed set point packets to the
motor processor 224 in the conventional manner.

[000340] Display controller 64 also executes a failsafe
seguence when instructions are being feceived from the
wireless head 802 to regulate the actuation of a
handpiece 36. This sequence, as represented by the flow
chart of Figure 53, starts, in step 810, with the receipt
of an instruction packet from the wireless head.

Step 812 represents the generation of either an
initialization or speed set point packet by the display
controller 64 for execution by the motor processor 224.
This latter packet, it is understood, is based on- the
contents of the packet from the wireless head 802.
[000341] In a step 816, the display controller starts a
timer from when the packet is received from the wireless
head 810. In a step 818 the elapsed time is compared to
a maximum time, Tuax. In some versions of this invention
Twax is between 100 and 500 msec. If, before the end of
this time period, a new packet is received wireless

head 802, the display controller 64 clears the timer and
steps 810—8i8 are xeexcuted (steps not shown.)

[000342] However, there may be instances when, the time

count maintained becomes greater than Tuax. If, in
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step 818, it is determined that this event has occurred,
display controller, in a step 820 generates the signals
to the motor processor 24 to cause the deactivation of
the handpiece.

[000343] Thus, in the event the signal is lost from the
wireless control device, console 32 does not continue to
energize the active handpiece based on the last received
wireless instructions. Instead, console 32 deactivates
the handpiece 34. This ensures that because of a break
in the stream of wireless instructions the handpiece is
actuated in a manner contrary to the intent of the
surgeon.

[000344] Control conscole 32 is also capable of receiving
asynchronous commands generated by devices such as the
navigation system 796 and remote head 798. Remote

head 798 is used to generate specific stepped commands
with regard to the on/off actuation of the handpiece and
pump and operating settings of these devices. In the
event the navigation system 796 determines the cutting
accessory 35 is approaching & position at the surgical
site at which the accessory should not be applied, the
navigation system may slow ox deactivate the associated
handpiece. A

[000345] As represented by Figure 55, either internal to
the'display controller 64 or a memory associated with it,
there is an image data file 842. The image data file 842
contains, for each type of handpiece 34 that can be used
with the system the basic operating parameter data for
that type of handpiece. These data include the minimum
and maximum speeds of the handpiece, if the motor can be
oscillated, if the handpiece is used with a pump, and the

pump fluid flow rates. Othexr data include information

102



WO 2006/039331 PCT/US2005/034800

regarding the sequence in which energization signals are
to be applied to the handpiece motor windings 234.
[000346] The storing of this informatiom in the image
data file reduces the amount of time requiired to load
data into the display controller when a handpiece 34 is
connected to a console 32.

[000347] Still another advantage of maintaining the
image data file, is that it is possible to then retrieve
information regarding the operating characteristics of a
particular type of handpiece even though the handpiece is
not attached to the console 32. These data are presented
on the display 42. This thus makes it possible to load
the preferred settings for a particular surgeon when
he/she wants to use the handpiece without requiring that
the handpiece 34 be physically attached t the console 32.
[000348] The process by which the data din the memory
internal integral with the display controller 64 is
provided with current handpiece data is mow explained
with reference to the flow chart of Figuxe 54. Step 830
is the reading of the data in the handpiece NOVRAM 72.
Based on the basic identification fields in the retrieved
data, display controller 64, in a step 832, immediately
determines if this is a new type of handpiece. More
particularly, in step 832, display controller 64 makes
this determination based on whether or not data in the
image data file 842 or a complementary learned data

file 844 contains data for the same type of handpiece 34.
[000349] If in step 832, it is determined that this is a
new type of handpiece for which the console does not have
any data, display controller executes a step 834. 1In
step 834, the basic configuration data for this handpiece

are written to the learned data file 844 .
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[000350] 1In a step 836, executed after step 832, display
controller 64 also determines if the version of the
handpiece type data it stores is the most current
version. This process is performed by determining iE the
revision identification data from the handpiece NOVRAM 72
is newer than the revision identification for the
handpiece in either the image data or learned data files
842 and 844, respectively. If this revision data in the
handpiece NOVRAM 72 is newer, in step 834, these data are
written into the learned data file B844.

[000351] Then, in a step 838, display controller 64
causes the handpiece 34 to be actuated based on the most
current data for actuating it.

[000352] As depicted by the flow chart of Figure 56,
control console 32 is further configured to minimize the
storage of redundant data in the learned data file 544.
Specifically, as represented by step 848, new operating
software is periodically loaded in the control console.
This software includes may include a new image data

file 842. In the event such a file exists, in a

step 850, for each handpiece data file, display
controller determines whether or not the revision vexsion
of the handpiece data file in the new image data file is
the same or new than the version in the learned data

file.

[000353] 1If, in step 848, the determination tests
affirmative, in a step 852 the handpiece data file im the
learned data file is erased. ‘ |

[000354] Thus, as soon as a handpiece with new data is
attached to control console 32, the new handpiece type
data are loaded into the console memory. This elimimates
the need to have to constantly load this data into the

console each time this type of handpiece is attached.
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Whenever the console receives a new master file of
current handpiece type data, the original and now
redundant copy of this data are erased from its memory.
This serves to ensure that console memory does not become
filed with unneeded data.

[000355] As discussed in the above-mentioned and
incorporated-by reference U.S. Patent No. 6,017,354 and
U.S. Patent Application No. 10/214,937, when a surgical
handpiece with a NOVRAM 72 or a cutting accessory with an
RFID is attached to a tool system, it is useful to
occasional make a brief integration to determine if the
tool or handpiece is still attached.

[000356] As described now with reference to the flow
chart of Figure 57, console 32 of this invention is
constructed to provide immunity against the false
determination of handpiece/accessory disconnect in the
presence of significant RF noise. It should be
understood that such noise may be present because some
surgical devices, including those that are part of the
system, when actuated, emit appreciable amounts of RF
energy. This energy induces noise on the lines over
which the signals from NOVRAMs and RFIDs are returned to
the control console 32.

[000357] The process starts, after a step 862, when the
display controller determines the control console 32 has
not received a distinct response to a ping. A ping is
the basic device present/absent inguiry that sent to an
RFID or a NOVRAM. The response to a ping is a short
acknowledgement of device presence. The ping response
does not include any data identifying the device. 1If,
however, there is significant noise, the sub assembly
internal to the control console that receives the

response, the handpiece interface 70, the footswitch
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interface 74 or the RFID interface 82, may not receive
the discernable response.

[000358] Thus if in step 862, there is failure to
receive a ping response, a step 864 is executed to
determine if the failure is due to the presence of
significant noise. The method by which this determination
is made is a function of the type of device the presence
of which is being detected.

[000359] If the device is one in which is one in which a
signal is expected back from an RFID, in step 864 the
RFID interface 82 evaluates if, in response to the ping,
there was a measurable change in signal strength along
the return line above ambient noise. TIf there change the
signal level, the RFID interface 82 recognizes the
environment as being one in which noise prevented the
interface from receive an explicit ping response. The
RFID interface 82 reports this determination to the
display controller 64.

[000360] Alternatively, the noise determination may be
made on a more inferential basis. Thus, if the attached
device is a handpiece or a corded footswitch, step 864
may be performed by evaluating whether or not a component
internal to that is supposed to draw current is actually
drawing current. Such a component is an analog Hall
sensor that is present in some handpieces as part of an
assembly for regulating handpiece actuation. For such a
device the handpiece interface controller 470

(Figure 35A) monitors the current drawn through the

HP PWR connection. If the current drawn is above a
nominal level, interface controller 470 assumes the
current dfawing component, and therefore the handpiece,
remain attached. Interface controller 470 reports this

determination to the display controller 64.
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[000361] It should be understood the above method of
noise evaluation works best when the component for which
the current is being evaluated draws an appreciable
amount of current. Some components internal to handpiece
or a footswitch, such as temperature sensor or a digital
Hall sensor, may not draw appreciable current.

[000362] Other devices attached to the console 32 may
not have internal components that continually draw
appreciable amounts of current. A corded footswitch 44
is such a device. For this type of device, the
evaluation of step 864 consists of monitoring the voltage
level of output signal from a device component that is
often in the nominal state. Specifically, the interface
again, by example, is performed by the handpiece
interface controller 470. Specifically, the interface
controller 470, monitors the anmalog out HP DEV signal
received from the component internal to the attached
device. A thermistor or some Hall sensors may output
this type of signal. The interface 470 digitizes this
signal and forwards the digitized signal to the display
controller 64. '

[000363] The display controller 64 compares this nominal
signal to a noise threshold value, Vy r. Graphically,
Figure 58A represents such a signal that is initially
below and then rises above this threshold. The rise of
this signal level above the Vg level is interpreted by
the display controller 64 és indication that ambient RF
noise is preventing receipt of a complete ping response.
[000364] A version of this method is monitoring of the
component signal from the handpiece to determine whether
or not the output signal is above a nominal signal
strength. If the signal is so above this nominal signal

level the display controller 64 considers the component
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and therefore the associated handpiece 34 to still be
attached to the console 32.

[000365] A fourth means for executing step 864 is
executed if the device has no other signal generating
components other than a NOVRAM. In this instance, the
NOVRAM interface 78 monitors the signal returned from the
NOVRAM. In the absence of a data/iead write transaction,
this signal is usually at a fixed level, often 5 VDC. 1In
its execution of step 864, the NOVRAM interface 78,
monitors the signal present on the communications line
connected to the NOVRAM to determine if it fluctuates
from the fixed level. Graphically, Figure 58B represents
such a signal. At times before’point 876, the signal is
generally at the fixed level. At times after point 876,
there is significant fluctuation. The NOVRAM interface
interprets this fluctuation in signal strength as
indicating the presence of appreciable RF noise. This
determination is reported to the display controller 64.
[000366] In many circumstances the test of 864 will be
negative; it is determined there is no noise present, If
this determination is made, the display controller 64
interprets the failure of the ping to 'indicate the device
was disconnected from the system, step 866.

[000367] If RF or EM noise is present, the test of step
864 is affirmative. In this event the noise
determination test is continually reexcuted. 1In

Figure 57, this portion of the process is represented by
the éontinually reexcution of step 868. The method of
execution of step 868 is identical to that of the method
of step 864. ‘

[000368] Eventually, the RF noise generating device will
be deactivated. Once this occurs, the test of step 868

will return a negative evaluation for presence of noise.
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In response to this step, display controller, in

step 870, causes the NOVRAM interface 78 or RFID
interface 82 to forward a complete device identification
request to the associated NOVRAM or RFID. In response to
this request, the NOVRAM or RFID output signal that
identifies the device wifh specificity. This response is
of greater length than the ping response. The display
controller generateé this type of request so it can
determine if in fact the device attached to the system
before the increase in ambient noise is the device
present after the noise levels drop.

[000369] Thus, control console 32 is further configured
so that, in situations where appreciable RF or EM induced
noise is present, the noise does not result in a false
indication that a device has been disconnected from the
system 30. Further upon the noise level dropping, the
control console 32 immediately verifies that the attached
device was the one attached before the rise in noise
levels.

[000370] It should likewise be appreciated that in other
versions of the invention, the control consocle may be
provided with more than three (3) sockets 40. This makes
it possible to simultaneously connect more than three
powered surgical tools or handpieces to the console.
Thus, more than three handpieces can simultaneously be
ready for use. Thus, generically, the console can be
configured to receive M surgical handpieces (M>1) while
simultaneously driving N handpieces, (N>1) wherein (M>N).
[000371] 1In still other versions of the invention, the
console may be designed so that the number of handpieces
the console can energize equals the number of handpieces
that, at any one time, can be connected to the console

(M=N) .
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[000372] It should therefore be appreciated that the
above description is directed to one particular version
of this invention. Other versions of the invention may
have features different than what has been described.
For example, each of the above features may not be
incorporated into all versions of this invention.
[000373] Also, other versions of this invention may have
different features. Other means than inductance sensing
may be employed to provide the torgque-down-to-stall
control of the handpiece motor.

[000374] The process steps executed and the sequence in
which the steps are executed are likewise only exemplary
and not limiting. For example, with regard to the error
reporting process described with the respect to the flow
chart of Figure 41, the first step may be the determining
of if the error message is the report of a lockdown-type
error. This would facilitate an even faster locking out
of the console 32.

[000375] It should likewise be realized that the
features of this invention may be incorporated into
cordless powered surgical handpieces. This type of
handpiece, instead of being energized by a single from a
control console, receives its energization signal from an
attached battery. As is known from the Applicants’
Assignee’s U.S. Patent Application No. 60/694,592,
POWERED SURGICAL TOOL WITH SEALED CONTROL MODULE, filed
28 June 2005, the contents of which are incorporated
herein by reference, it is known to provide this type of
tool with an internal processor for regulating the
application of energization signals to the tool power
consuming unit. This process can perform the signal

processing steps of this invention.
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[000376] Other means may be employed to improve the way
BEMF signals are used to determine rotor position for the

purpose of regulating commutation,
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What is claimed is:

1. A control console (32) for energizing powered
surgical handpieces (34), each handpiece having a power-
consuming unit. (36), said control console comprising:

a plurality of connectors (40), each connector
configured to releaseably receive a separate handpiece so
that plural handpieces are simultaneously connected to
said control console;

a power xegulator (86) forxr selecﬁively energizing
the handpieces through said connectors;

a controller (64) that controls said power supply to
regulate the energization of the handpieces,

characterized in that:

said controller and said power regulator are
collectively configured so that said power regulator

simultaneously energizes a plurality of handpieces.

2. The control console of Claim 1, wherein:

a power supply (90) supplies the power said power
regulator (86) uses to enexgize the handpieces;

a power ssupply monitor (428) connected to said power
supply to monitor power sourced by said power supply; and

said power regulator (86) is further configured to,
when said power supply monitor determines the power
sourced by said power supply. exceeds a threshold wvalue,

limit the application of power to one of the handpieces.
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3. The control console of Claim 2, wherein said
power regulator (86) is further configured to:

determine which of said handpieces drawing power is
drawing the most power (4 30); and

when said power supply monitor determines the power
consumed by said power supply exceeds a threshold value,
limit the application of power to the handpiece drawing

the most power.

4. The control console of Claim 1, 2 or 3, wherein
said power regulator (86) includes:

a plurality of drivexs (210), each said driver
configured to output a separate handpiece energization
signal and to energize any of the attached handpieces,
said plurality of drivers configured to simultaneously
output plural energizatiom signals; and

a switch assembly (222) connected between said
drivers and said connectoxs (40) so that the energization
signal output by any one of said drivers can be output

through any one of said connectors.

5. The control console of Claim 4, wherein:

there is a first pluxality of said connectors (40);
and

said power regulator (86) has a second plurality of
said drivers (210), the plurality of drivers being less

than the plurality of said connectors.

6. The control console of Claim 1, 2, 3, 4, oxr 5,
wherein said power regulator is configured to apply
energization signals to brushless DC motors (36) disposed

in the handpieces (34).
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7. The control console of Claim 1, 2, 3, 4, 5 or
6, wherein said connectors (40) are sockets configured to

receive cables (38) that extend from the handpieces (34)

8. The control console of Claim 1, 2, 3, 4, 5, 6,
or 7, wherein said controller (64) is further configured
to:

read data in a memories (72) imtegral with the
handpieces {34); and

control the power supply based on the data read from

the handpiece memories.

9. A system for energizing powered surgical
handpieces (34), each handpiece having a power consuming
unit (36), said system comprising:

a console (32) to which plural handpieces are
attached;

a control assembly (64) disposed in said console for
selectively applying energization signals to the
handpiecs through said console;

a footswitch connected to said cohtrol assembly
having at least switch that is actuated to generate a
control signal to said control assembly in order to
regulate the actuation of said handpieces,

characterized in that

a plurality of footswitches (44a, 44b) are connected
to said.control assembly for regulat-ing the actuation of

said handpieces.
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10. The system for energizing powered surgical
handpieces of Claim 9, wherein:

each of said footswitches (44a, 44b) is capable of
generating control signals for regulating any one of the
handpieces; and

said control assembly (64), maps each said
footswitch so that said footswitch controls at least one
handpiece based on user-entered selection for that

footswitch.

11. The system for energizing powered suxgical
handpieces of Claim 10, wherein:

said control assembly (64) monitors the number of
handpieces (34) attached to said console (32) and the
number of footswitches (44a, 44p) connected to said
control assembly; and

when said control assembly (64) determines that
plural handpieces are attached to said console and plural
said footswitches are connected to said control assembly,
said control assembly forces a user to enter mapping
instructions to indicate which said footswitch should be

used to control which handpiece.

12. The system for energizing powered surgical
handpieces of Claim 9, 10 or 11, wherein said control
assembly is configured to allow plural said footswitches

(44a, 44b) control a single handpiece (34).

13. The system for energizing powered suxgical
handpieces of Claim 12, wherein, said control aassembly
(64) is configured so that when plural said footswitches
(44a, 44b) control a single handpiece (34) and a fifst

footswitch generates 'a control signal that actuates the
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handpiece, said control assembly prevents a control
signal generated by a second said footswitch from
regulating the actuation of the handpiece until after the
actuating control signals from both said footswitches are

negated.

14. The system for energizing powered surgical
handpieces of Claim 9, 10, 11, 12 or 13, wherein said
control console, based on a control signal received from
a first said footswitch, supplies an energization signal
to a first handpiece and, simultaneously therewith, based
on a control signal received from a second said
footswitch, supplies an energization signal to a second

said handpiece.

. 15. The system for energizing powered surgical
handpiece of Claim 9, 10, 11, 12, 13 or 14, wherein, said
control assembly is configured to apply energization
signals to energize motors (36) internal to the

handpieces.

16. The system for energizing powered surgical
handpiece of Claim 9, 10, 11, 12, 13, 14 or 15, wherein
said console is provided with a plurality of sockets
(30), each said socket configured to releaseably receive

a cable (38) attached to a handpiece (34).

17. The system for energizing powered surgical
handpiece of Claim 9, 10, 11, 12, 13, 14, 15 or 16
,wherein said control assembly (64) is further configured
to:

read data in a memories (72) integral with the

handieces (34); and
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apply the energization signals to the handpieces

based on the data read from the handpiece memories.

18. A powered surgical tool system comprising:

a surgical handpiece (34) for receiving a cutting
accessory (35), said surgical handpiece including a
brushless, sensorless motor (36) with a plurality of
windings (234) for actuating the accessory;

a driver for selectively applying energization
signals to said motor windings based on back
electromotive force signals produced across said
windings, characterized in that:

said driver is configured to:

when the motor speed is above a threshold rate,
selectively apply the energization signals to said motor
windings based on back electromotive force sensing of
rotor position; and

when the motor speed is at or below the
threshold rate, selectively apply the energization
signals to said motor windings based on inductance

sensing of motor rotor position.

19. The powered surgical tool system of Claim 18,
wherein said driver, when performing inductance sensing
of motor rotor position is configured to:

measure the current flow through each winding; and

normalize the plurality of winding current flow

measurements.

20. The powered surgical tool system of Claims 18
or 19, wherein said driver, when performing inductance
sensing of motor rotor position is configured to:

measure current flow through each said winding;
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determine through which winding there is the
greatest current flow;
based on the winding through which there is the

greatest current flow, determine rotor position.

21. The powered surgical tool system of Claims 18
dr 19, wherein said driver, when performing inductance
sensing of motor rotor position is configured to:

measure current flow through each said winding;

compare the measured winding current flows to a
model of winding current flows; and

based on the comparison of the measured winding
current flows to the model of winding current flows,

determine rotor position.

22. The powered surgical tool system of Claims 18,
19 20 or 21, wherein said driver is configured to perform

inductance sensing of motor rotor position at motor start

up.

23. A method of applying energization signals to a
powered surgical tool (34) having a brushless, sensorless
motor (36) having a plurality of windings (234),
including the steps of:

determining the position of the motor rotor; and

based on the position of the motor rotor, applying
energization signals to selected motor windings,

characterized in ﬁhat,

in said step of determining the position of the
motor rotor, inductance sensing is used to determine

motor rotor position.
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24. The method of applying energization signals to
a powered surgical tool of Claim 23, wherein:

the inductance of each motor winding is measured;

the winding inductance measurements are normalized;
and

the normalized winding inductance measurements are

used to determine motor rotor position.

25. The method of applying energization signals to
a powered surgical tool of Claim 24, where:

the winding inductance measurements are normalized
by selective multiplication or offset adjustment of the
measured inductances; and

during operation of the motor, the gain or offset
values used to normalize the winding inductance

measurements are adjusted.

26. The method of applying energization signals to
a powered surgical tool of Claims 24 or 25, wherein gain
or offset values for normalizing the winding inductance
measurements are read from a memory (72) integral with

the surgical tool.

27. The method of applying energization signals to
a powered surgical tool of Claim 23, 24, 25 or 26,
wherein:

current flow through each winding is measured;

the winding through which winding there is the
largest current flow is determined; and

based on through which winding there is the largest

current flow, rotor position is determined.
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28. The method of applying energization signals to
a powered surgical tool of Claim 27, wherein:

after the winding through which there is the largest
current flow is determined, there is a determination if
the winding current flow measurements are erroneous; and

if it is determined that the winding current flow
measurements are erroneous, said step of determining

motor rotor position is omitted.

29. The method of applying energization signals to
a powered surgical tool of Claim 28, wherein said process
of determining if the winding current flow measurements
are erroneous is performed by:

when the motor rotor is in a given first position,
determining an expected second position of the rotor;

based on the expected second position of the motor
rotor, determining the expected next winding through
which there should be the largest current flow ;

if, in said step of determining through which
winding there is the current flow, it is determined that
the largest current flow is through the expected next
winding, accepting the current flow measurements as
correct (352, 354); and

if, in said step of determining through which
winding there is the current flow, it is determined that
the largest current flow is not through the expected next
winding and the measuremgnt is below a cutoff wvalue,
accepting that the current flow measurements are

erroneous (356).
30. The method of applying energization signals to

a powered surgical tool of Claim 23, 24, 25, or 26,

wherein:
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current flow throuéh each winding is measured (378);

the measured winding current flows are compared to a
model of winding current flows (380); and

based on the comparison of the measured winding
current flows to the model of winding current flows,

determining rotor position.

31. The method of applying energization signals to
a powered surgical tool of Claim 23, 24, 25, 26, 27, 28,
29 or 30, wherein said step of using inductance sensing
to determining motor rotor position is used when at motor

start up.

32. The method of applying energization signals to
a powered surgical tool of Claim 23, 24, 25, 26, 27, 28,
29, 30 or 31, wherein:

said step of using inductance sensing to determine
motor rotor position is used when the motor rotor is at
or below a threshold speed; and ’

above the threshold speed, alternative means are

used to determine motor rotor position.

33. The method of applying energization signals to
a powered surgical tool of Claim 32, wherein the
threshold speed is 10% or less of the maximum motor

speed.

34. A method of applying energization signals to a
powered surgical tool (34) having a brushless, sensorless
motor (36) having a plurality of windings (234),
including the steps of:
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determining the position of the motor rotor based on
the monitoring of the back electromotive forces across
the windings; and

based on the position of the motor rotoxr, applying
energization signal to selected motor windings,

characterized in that,

in said step of monitoring the back electromotive
forces across the windings, the monitoring compensates

for flyback currents through the windings.

35. The method of applying energization signals to
a powered suxrgical tool of Claim 34, wherein said back
electromotive force monitoring is performed by
integrating the back electromotive force signal across a
winding from start time that begins at a select time

after the initial rise or fall of the signal.

36. The method of applying energization signals to
a powered surgical tool of Claim 35, wherein the start
times at which the back electromotive force signals are
integrated are adjusted in real time as a function of

rotor speed.

37. The method of applying energization signals to
a powered surgical tool of Claim 35, 36 or 37, wherein
each back electromotive force signal is integrated until

a threshold value is reached.

38. The method of applying energization signals to
a powered surgical tool of Claim 37, wherein the
integration threshold value is obtained from data read

from a memory (62) integral with the surgical tool.
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39. A system for energizing powered surgical
handpieces (34), each handpiece having a power consuming
unit (36) and at least one internal device that outputs
or receives signals, said system comprising:

a console (32) to which plural handpieces are
attached;

a control assembly (64) disposed in said console for
selectively applying energization signals to the
handpieces through said console;

an interface (70) disposed in said console for
connection to the handpiece internal device,

characterized in that:

said interface (70) is configured to, over a single
communications line, transmit to or receive from the
handpiece internal device either digital or analog

signals.

40. The system for energizing powered surgical
handpieces of Claim 30, wherein said interface has:

an analog to digital converter (472) for receiving
signals from the handpiece internal device and converting
received analog signals into digital signals; and

a controller (470) said control configured to
disable said analog to digital converter when digital

signals are received from the handpiece internal device.

41. A control consoie for simultaneously energizing
plural surgical handpieces as described in the above
specification and illustrated in the accompanying

drawings.

42. A system for energizing at least one powered

surgical handpiece including a console (32) to which a
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plurality of footswitches (44a, 44b) are attached such
that each footswitch can be used to control the actuation
of the at least one surgical handpiece as described in
the above specification and illustrated in the

accompanying drawings.

43. A method of regulating the application of
energizatiomn signals to a surgical handpiece having a
brushless, sensorless DC motor as described in the above
specification and illustrated in the accompanying

drawings.

44. A method of regulating the application of
energizatiomn signals to surgical handpiece having a
brushless, sensorless DC motor using inductance sensing
of motor rotor position as described in the above .
specification and illustrated in the accompanying

drawings.

45. The method of regulating the application of
energizatiornn signals to surgical handpiece of Claim 45,
wherein:

based on the inductance sensed-determination of
motor rotor position, motor rotor speed is determined;
and

based on motor rotor speed, the application of the
energization signals to the motoxr is controlled to cause

the motor rotor to rotate at a desired speed.

46. A method of regulating the application of
energization sigrial‘s to a surgical handpiece having a
brushless, sensorless DC motor using back electromotive

force sensimng of motor rotor position as described in the
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above specification amxd illustrated in the accompanying

drawings.

47. A method of regulating the application of
energization signals to a surgical handpiece (34) to
which a cutting accessory (35) is attached, said surgical
handpiece including a brushless, sensorless motor (36)
said method including the steps of:

determining the position of the rotor internal to
the motor; and

based on the position of the motor rotor applying
energization signals to windings (234) of the motor;

characterized in "~ that,

said step of determining the position of the motor
rotor and said step of applying energization signals to
the motor winding based on rotor position are performed

from motor stall (0 RPM) to a motor maximum speed.

48. The method of regulating the application of
energization signals to a surgical handpiece (34)
wherein:

below a threshold speed a first method is used to
determine motor rotor position; and

at or above the threshold speed a second method is

used to determine motor rotor position.

49, A method of oscillating the motor (36) of a
surgical handpiece (36), the handpiece having a cutting
accessory (35) that is oscillated by the motor, said
metho.d including the steps of:

actuating the handpiece motor so that the motor
rotor turns for a set number of rotations in a first

direction, and reversing the rotation of the motor rotor
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so that the rotor turns the set number of rotations in a
second direction,

characterized in that,

a determination is maade of the turn time it should
take the handpiece motor fto turn in the set number of
rotations;

during the actuation of the handpiece motor,
monitoring the time it takes to turn the set number of
rotations;

comparing the the time it takes the actuated motor
to make the set number of rotations to the determined
turn time; and

if the time the handpiece motor takes to turn the
set number of rotations exceeds the turn time, reversing

the rotation of the handpiece motor.

50. The method of oscillating the motor (36) of a
surgical handpiece (36) of Claim 49, wherein:

generating a compensated turn time for the handpiece
motor rotor based on the determined turn time, the
compensated turn time beimng greater than the determined
turn time; and

in said step of comparing the time it take the
actuated motor to make the set number of rotations, the
comparison is made to the compensated turn time; and

if the time the handpiece motor takes to turn the
set nﬁmber of rotations esxxceeds the ‘compensated time,

reversing the rotation of the handpiece motor.

51. The method of oscillating the motor (36) of a
surgical handpiece (36) of Claim 50, wherein said
compensated turn time is generated by multipling the

determined turn time by a constant.
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52. The method of oscillating the motor 36) of a
surgical handpiece (36) of Claim 49, 50 or 51, wherein

said handpiece is attached to a control console (32).

53. A method of actuating a powered surgical
handpiece (34), with a control consocle {32) said method
including the steps of:

transmitting instructions to a control console for
regulating the actuation of the surgical handpiecé over a
wireless communications link:;

based on the received instructions, the console‘
supplies an energization signal to the handpiece to
actuate the handpiece;

characterized in that:

the control console continually determines the
elapsed time between when instructions are received over
the communications link (816); and

if the elapsed time after one instruction is
received and before a next instruction is received
exceeds a cutoff time, the control console deactivates

the handpiece (818, 820).

54. A method of determining if a surgical handpiece
(34) or a surgical cutting accessory (35) remains
attached to a control console (32), the device or the
cutting accessory having a data storage component, said
method comprising the steps of:

forwarding a ping inquiry to the component internal
to the handpiece or cutting accessory from the control
console; and

determining if a ping response is received by the

control console (862),
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characterized in that:

if a ping response is not received by the control
console, determining if appreciable ambient RF or EM
noise is present (864); and

if ambient RF or EM noise is not present, assuming
the handpiece or cutting accessory is disconnected from

the control console (866).

55. The method of determining if a surgical
handpiece (34) or a surgical cutting accessory (35)
remains attached to a control console {32) of Claim 56,
wherein said step of determining if appreciable ambient
RF or EM noise is present according to the methods

described above and illustrated in the attached drawings.

'56. A method of actuating a motor (36) of a
surgical handpiece (34), the handpiece having a cutting
accessory (35) actuated by the motor, said method
including:

generating a speed set point signal at which the
motor should be run

applying an energization signal to the motor to
cause the motor to run at at the set speed is to be run;:
and

when the speed set point signal indicates the motor
is to be stopped, applying braking szignals to
deaccelerate the motor,

characterized in that:

comparing the speed set point to the motor actual
speed;

and when the comparison indicates the motor actual
speed is above the set point speed and the set point

speed is above zexro speed (0 RPM) selectively applying
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braking signals to deaccelerate the motor to the set

point speed.
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