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ELECTRIC RATCHET FOR A POWERED SCREWDRIVER

FIELD OF THE INVENTION
[0001] The present invention relates generally to the field of screw driving

systems, and more particularly to screw driving systems having ratcheting
systems.

BACKGROUND

[0002] Powered screwdrivers are much more efficient than manual

screwdrivers for driving screws and bolts. However, without exercising great
care, powered screwdrivers can over-tighten or over-rotate screws or bolts. In
some critical applications, such as in surgical applications, users may drive
screws manually to avoid over tightening or to orient a driven screw or bolt at a
desired rotational position. In these instances, a user may drive a screw with a
powered driver until the screw begins to approach the critical location. Then, in
order to reduce the chance of over-tightening or over-rotating, the user may set
aside the powered driver and manually tighten the screw with a separate ratchet

or a manual screwdriver.

[0003] Ratchets are more efficient than manual screwdrivers for tightening
screws or bolts because they prevent rotation in the driving direction and provide
continuous freewheel rotation in the other. Accordingly, ratchets are often
preferred over manual screwdrivers in surgical applications. Conventional
ratchets use mechanical assemblies between the handle of a driving tool and the
hardware being driven.  For example, conventional mechanical ratchet
assemblies include gear systems, high friction surfaces with pawls, sprockets
with teeth and pawls, or sprags to mechanically limit rotation in one direction.

[0004] These conventional ratchets require large mechanical assemblies that
increase both the size of the overall tool and increase the overall weight. For
example, ratchet housings must be sized to accommodate the mechanical
ratchetings systems. In addition, these mechanical assemblies add mass to the
ratchet and subsequently, add additional inertia to the rotating components of

the tool. Larger, heavier systems may increase operator fatigue and/or operator
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injury, potentially resulting in less effective screw targeting. This may affect the

patient’s surgical outcome.

[0005] The device and methods disclosed herein overcome one or more of

the shortcomings discussed above and/or in the prior art.
SUMMARY

[0006] The present disclosure is directed to powered screwdriver system

having an electric ratchet.

[0007] In accordance with one aspect, the present disclosure is directed to a
powered screwdriver system that includes a driver housing having a handle
portion configured for gripping by a user and includes a motor disposed within
the housing. The motor includes a stator and a rotor with the rotor rotationally
disposed within the stator. A working end provides a rotational output and is
mechanically coupled to the rotor. A power source provides power to the motor.
A controller receives signals representative of a motor condition and, based on
the received signals, controls the motor in a manner providing an electric ratchet
capability.

[0008] In one aspect, the controller is configured to receive signals indicative
of a location of the rotor relative to the stator and is configured to power the
motor to maintain a desired position of the rotor relative to the stator in a first
direction. In another aspect, the controller is configured to permit freewheel
rotation of the rotor relative to the stator in a second direction opposite the first
direction.

[0009] In another exemplary aspect, the present disclosure is directed to a
powered screwdriver system having a handpiece driver and a control console.
The handpiece driver comprises a housing having a handle portion configured
for gripping by a user and a motor disposed within the housing. A working end
provides a rotational output and is mechanically coupled to the rotor. The control
console is separate from and in electrical communication with the handpiece

driver. It comprises a controller configured to commutate the motor to maintain a
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desired relative position of the rotor within the stator when loading is applied in a
first direction on the motor, the controller also being configured to permit
freewheel displacement of the rotor within the stator when loading is applied in a
second direction on the motor.

[0010] In one aspect, the controller is configured to receive signals indicative
of a position of the rotor relative to the stator and is configured to determine the

desired relative position of the rotor based on the signals.

[0011] In another exemplary aspect, the present disclosure is directed to a
method of operating a surgical screwdriver system. The method includes steps
of estimating a starting rotor position relative to a stator and setting a first desired
rotor position relative to the stator that is substantially equivalent to the starting
rotor position. The method also includes steps of commutating the motor to
substantially maintain the first desired rotor position relative to the stator and
offset loading on the rotor applied in a first direction. Displacement of the actual
rotor position within the stator is permitted in response to loading applied on the
rotor in a second direction. The method also includes setting a second desired
rotor position relative to the stator that is substantially equivalent to the displaced
rotor position.

[0012] In one aspect, the method includes determining an error factor as a
difference between the first desired rotor position and the actual rotor position
and performing the step of commutating the motor to substantially maintain the
first desired rotor position when the error factor exceeds a preestablished
threshold value. In one aspect, the method includes determining an error factor
as a difference between the first desired rotor position and the actual rotor
position and performing the step of setting a second desired rotor position when
the desired rotor position is positive and the error factor is negative or when the

desired rotor position is negative and the error factor is positive.

[0013] Further aspects, forms, embodiments, objects, features, benefits, and
advantages of the present invention shall become apparent from the detailed
drawings and descriptions provided herein.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0014] Aspects of the present disclosure are best understood from the

accompanying figures, described and taken in context with the description

herein.

[0015] Fig. 1 is an illustration of an exemplary motor powered screwdriver
system including a driver and a control console and provided with an electric

ratchet in accordance with a first embodiment of the present disclosure.

[0016] Fig. 2 is an illustration of a highly simplified cross-sectional view of a

mode selector on the exemplary driver of Fig. 1.

[0017] Fig. 3 is a block diagram showing functional components of the motor
powered screwdriver system with an electric ratchet in accordance with one

aspect of the present disclosure.

[0018] Fig. 4 is a stylized illustration of a cross-sectional view of an electric
motor in accordance with an exemplary aspect of the present disclosure.

[0019] Fig. 5 is a block diagram showing functional components of the motor
powered screwdriver system with an electric ratchet in accordance with one

aspect of the present disclosure.

[0020] Fig. 6 is a flow chart showing control logic in accordance with one

exemplary aspect of the present disclosure.

DETAILED DESCRIPTION

[0021] For the purposes of promoting an understanding of the principles of
the invention, reference will now be made to the embodiments, or examples,
illustrated in the drawings and specific language will be used to describe the
same. It will nevertheless be understood that no limitation of the scope of the
invention is thereby intended. Any alterations and further modifications in the

described embodiments, and any further applications of the principles of the
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invention as described herein are contemplated as would normally occur to one

skilled in the art to which the invention relates.

[0022] This disclosure describes a motor-driven powered screwdriver
system with an electric ratchet. The system controls the motor to create a
ratchet by preventing or limiting relative rotation of the powered driver and a
driven screw in one direction, while permitting freewheel rotation in the other.
Particularly, to drive a screw using the electric ratchet, the screwdriver system
detects displacement of motor components and responds by powering the motor
to limit or prevent further displacement. Accordingly, when motor displacement
beings to occur as a result of manually applied torque, the motor is powered to
offset the displacement effectively limiting the driver from slipping relative to the
screw in one direction. However, the motor effectively permits freewheel rotation
in the second direction. Accordingly, by rotating the whole driver relative to the
driven screw, a user can ratchet and drive the screw to a desired depth and
orientation. As used herein, freewheel rotation is intended to encompass at least
two scenarios: First, freewheel rotation occurs when the motor is not powered to
prevent motor displacement in the second, opposite direction; and second,
freewheel rotation occurs when the motor is powered to offset drive train drag

when the motor is rotated in the second opposite direction.

[0023] The powered screwdriver system is particularly well suited for
surgical applications where the driver is used to drive bone screws, such as
pedicle screws. The user can use the motor powered driver to drive the screw to
near its desired depth. In order to reduce the risk of over tightening or over
driving however, the user can stop conventional driving with the motor and use
the driver as a ratchet to complete the screw implantation to the desired torque
or depth. In addition, as some bone screws, such as some pedicle screws, must
be oriented to receive spinal rods, cables, or other medical instrumentation, the
electric ratchet allows the fine adjustment necessary for aligning the screw as
desired without detaching the driver from the screw and without requiring a
separate ratchet or manual screwdriver. This increases surgical efficiency and

convenience for the surgeon. In addition, since the electric ratchet lacks large,
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heavy mechanical ratchet components, the resulting ratcheting screwdriver does
not increase operator fatigue or potential operator injury. This may lead to more

effective screw targeting and improved patient outcome.

[0024] Furthermore, because the electrical ratcheting system operates
using motor control instead of bulky mechanical components, the systems
disclosed herein achieve ratcheting operation without adding additional mass
and weight. By avoiding the additional mass, the drivers disclosed herein do not
have the extra inertia that comes from the mechanical systems, making the
driver more efficient. This enables a compact size and minimizes driver weight,

which are important benefits to an operating surgeon.

[0025] Fig. 1 illustrates a powered screwdriver system 100 according to an
exemplary embodiment of the present invention. The system includes a motor
powered driver 102 and a control console 104. The driver 102 operates at
variable rotational velocities to drive taps, drill bits, and surgical hardware, such
as, for example, bone screws during a surgical procedure. In addition to
performing these functions using motor power, the driver 102 is configured with
an electric ratchet. The driver 102 includes an outer housing 105 in the shape of
a handle 106 and a barrel 108. Here, the handle 106 extends from the barrel
108 in a pistol-grip fashion for convenience and comfort of the user. The handle
106 includes an electrical port 110 and an input device, here shown as a trigger
112. In some examples, the trigger 112 includes a permanent magnet and a
Hall effect sensor. In use, the magnetic field detected by the Hall effect sensor
changes based on the relative position of the trigger 112 and the proximity of the
magnet within the trigger to the Hall effect sensor.

[0026] The barrel 108 includes a collet 116 and a mode selector 118. Other
input devices, such a torque control level or limit, alignment elements, and other
features also may be included. The collet 116 is disposed at the working end of
the driver 102 and receives a tool, such as a tap, drill bit, driver, socket, or other
tool. The mode selector 118 is arranged to control the driving direction of the
driver 102. In some examples, the available modes include a forward mode, a

reverse mode, an oscillating mode, a lock or non-rotation mode, among other
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modes. By switching the mode selector 118, a user can control the rotational
driving direction of the collet 116. In the example shown, the mode selector 118
is a collar disposed about a portion of the barrel 108. In other embodiments, the
mode selector 118 is a button, a toggle lever, a rocker switch, or other input

device.

[0027] The driver 102 contains a motor for driving the tools at the working
end. In some examples, the motor is a brushless DC motor configured to be
powered from the control console 102. In these examples, the electrical port 110
connects the driver 102 with the control console 104 through the cable 114. In
other examples, the driver and console communicate wirelessly. In one
example, the handle 106 of the driver 102 contains a motor disposed so that the
motor shaft extends upwardly from the handle 106 into the barrel 108. A gear
mechanism connects the motor shaft to a substantially horizontally extending
driving shaft connected to the collet 116 and that is utilized to drive a drilling tool

or mechanized end received by the driver 102.

[0028] One example of the mode selector 118 is shown in greater detail in
Fig. 2. Here, the mode selector 118 includes a collar 120 that includes radially
projecting tabs 122 that enable a user to easily rotate the mode selector about a
central axis to change driving modes. A magnet ring 124 is fixed to and rotates
with the collar 120. The magnet ring 124 and collar 120 are disposed on a
portion of the body 126 of the driver barrel 108, with an insulating layer 128 and
Hall effect sensor 130 disposed therein. The magnet ring 124 includes a
plurality of magnets 132. Rotation of the mode selector 118 displaces the
magnets 132 relative to the Hall effect sensor 130. The Hall effect sensor 130
generates a signal used to identify the position of the mode selector 118, and
likewise, to identify the selected mode. In the embodiment shown, the mode
selector 118 may communicate a signal representing the mode or the position of
the collar to the control console 104. Other examples of mode selectors include
a single magnet 132 and multiple hall effect sensors 130. Other types of
sensors are contemplated as being used in place of the Hall effect sensors

including, for example, reed sensors and others.
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[0029] The mode selector enables a user to select the operating mode of the
driver 102. In the example shown, the available modes include a forward mode,
a reverse mode, an oscillating mode, and a lock or non-rotation mode, among
other modes. Some designs provide ancillary user inputs not related to shaft
control. The location of the magnets relative to the Hall effect sensors provides
an indication of the selected mode. This is communicated back to the console

104 for processing and functional implementation.

[0030] Returning to Fig. 1, the control console 104 may include controls and
settings for operating the driver 102. In one example, the control console 104 is
configured to receive signals from the driver 102 and control the output of the
driver 102 based on those received signals, combined with user settings
received directly at the control console. Some examples of this may become
apparent from the description below. It is worth noting that some systems do not
include a separate control console, and in such embodiments, all determinations
and calculations may be performed elsewhere, such as for example, onboard the
driver 102 itself.

[0031] Fig. 3 shows a block diagram of one example of a system 100 in
accordance with an exemplary aspect of the present disclosure. As can be
seen, the system includes the driver 102 and the control console 104. In this
example, the driver 102 includes the trigger 112, the mode selector 118, an H-
bridge 148, and a motor 150.

[0032] The H-bridge 148 directs power from the control console 104 to the
motor 150. Depending on the operating mode determined by the mode selector
118, the H-bridge directs power in one direction or the other. For example, if the
mode selector 118 is changed from forward mode to reverse mode, the H-bridge
redirects power through the motor and switches its operating direction.

[0033] In this example, the motor 150 is a brushless DC motor having three
windings represented by the three inputs from the H-bridge 148. Fig. 4 shows a
stylized example of a brushless DC motor in accordance with one aspect of the
present disclosure. The motor 150 in Fig. 4 is a synchronous motor and includes
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a stator 160, a rotor 162, and permanent magnets 164 disposed on and rotatable
with the rotor 162. In this example, the motor is a 3-phase motor, although 2-
phase and single phase motors may be used in other embodiments. The stator
160 includes windings 166. In this example, the magnets 164 include two pole
pairs with alternate north and south poles. Thus, the example shown is a four
pole motor. However, in another example, only a single pole pair motor, or two
pole motor, is used. Other embodiments include substantially more pole pairs.
Some examples have up to eight pole pairs or more, with the more pole pairs
being present, the more exact control can be determined. As in conventional
motor systems, the rotor 162 rotates relative the stator 160. The stator is fixed
relative to the driver housing 105. Accordingly, when a user physically turns the
driver to effect a manual driving of a screw, the stator 160 stays fixed relative to
the driver housing 105. In some examples, the motor has a motor housing about
the stator 160 fixed in place relative to the driver housing 105.

[0034] Returning to Fig. 3, the control console 104 includes a processing
system and memory programmed such that the control console 104 is
configured to receive various setting inputs from a user (e.g., maximum speed
and maximum torque) and to control the motor of the driver 102 based on the
user’s setting inputs and depression of the trigger 112 on the driver 102. In that
regard, the control console 104 of the system 100 provides position control and
torque control to the motor of the driver 102.

[0035] In this example, the control console 104 includes an analog to digital
converter (ADC) 152 and a controller 154 that comprises a processor 156
running a position estimation module 158. The system 100 also includes
memory containing executable programs that influence the manner in which the
system 100 operates, a user interface, communication modules, and other
standard equipment. In some examples using the control console 104, a user is
able to set the maximum speed, acceleration, jerk, and mode (forward, reverse,
or oscillate) for the system. Further, the processor 156 receives a signal
indicative of the amount of depression of the trigger 112. The signal sent to the

processor 156 may be indicative of the amount of trigger depression based on
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the magnetic field sensed by the Hall effect sensor, as indicated above. Also, as
indicated above, all signal communication between the driver and the console
may be over the cable 114. Alternatively, communication may be wireless
Bluetooth, Wi-Fi, conventional RF, infrared, or other communication method.

[0036] In the example shown, the processor 156 is a digital signal processor
that receives the various setting inputs from the user. Based on the settings,
and particular pre-stored executable programs, the processor controls the H-
bridge and sends signals to the H-bridge, which are communicated to the motor
150. For example, using the inputs received with respect to the maximum
speed, acceleration, jerk, mode, and trigger position, the controller 154 drives
the position of the rotor of the driver 102. The controller 154 outputs a pulse-
width modulated control signal that has a duty cycle in accordance with a desired
control curve to control the position of the rotor of the motor.

[0037] In this example, the control console 104 uses the back electromotive
force (EMF) from the motor 150 to monitor the rotor position of the motor 150 to
ensure that the motor’s rotor is achieving the desired positions defined by the
control curve. This is accomplished by detecting the EMF level for each winding
in its turn at the controller 154. The EMF signals are sent from the motor to the
ADC, which converts the EMF signals to digital signals, which are then
communicated to the controller 154. During standard operation, if the rotor is not
achieving the desired positions (e.g., the rotor has rotated too far or not far
enough) as detected by the EMF, then the controller 154 adjusts the duty cycle
based on an error signal representative of the difference between the actual
position of the rotor and the desired position of the rotor. In this manner, the
system 100 monitors the position of the rotor to ensure that the rotor is achieving
the desired positions during use of the driver 102.

[0038] In the driver 102, the stator 160 (Fig. 4) is fixed in place relative to the
driver housing 105 (Fig. 1). The motor rotor 162 is at least rotatably,
mechanically coupled to the drive shaft and collet 116 either directly or through a
gear system, for example. Therefore, movement of the rotor 162 relative to the

stator 160 is indicative of movement of the collet 116 (and a tool in the collet)
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relative to the driver housing 105. Accordingly, when the collet 116 and the drive
shaft are engaged with a tool, which may be engaged to a screw, the system
100 can detect relative movement between the screw and the driver 102. In this
example, the controller 154 of the system 100 is configured to operate the
electric ratchet by receiving data, such as EMF indicative of the rotor position
relative to the stator and applying power to the motor at a level sufficient to
reduce or prevent further detected relative movement between the rotor and the
stator.

[0039] Fig. 5 shows a block diagram of an example of a system 100a in
accordance with another exemplary aspect of the present disclosure. As can be
seen, the system 100a includes the driver 102 and the control console 104. In
this example, the driver 102 includes the trigger 112, the mode selector 118, the
H-bridge 148, and the motor 150. However, this embodiment also includes a
position sensing element 170. The position sensing element 170 may be any
device configured to directly identify the position of the rotor in the motor 150. In
one example, the position sensing element 170 is a plurality of Hall effect
sensors. In this example, the Hall effect sensors are disposed in the stator of the
motor and are configured to detect the passage of the magnetic poles of the
rotor and emit a voltage signal that is passed to the control console 104. One
example uses three Hall effect sensors. However, greater and smaller numbers

of Hall effect sensors are contemplated.

[0040] In Fig. 5, the control console 104 includes the ADC 152 and the
controller 154. However, here, the controller 154 can receive data directly
indicating the position of the rotor, and therefore, the controller need not include
a position estimation module 158. As described above with reference to Fig. 3,
the ADC 152 converts the voltage signal from the position sensing element 170
to a digital signal and passes it to the controller 154. In this example, instead of
determining position as required by the system 100 in Fig. 3, the controller 154
directly detects the position of the rotor relative to the stator. The controller 154
may then operate the motor 150 based on the position of the rotor to prevent or

limit freewheel rotation in one direction while permitting freewheel rotation in the
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other direction, thereby achieving the ratcheting effect. Although described as
Hall effect sensors, the position sensing element 170 may also be a rotary
encoder or other direct position measuring system that will measure the position
of the rotor 162 relative to the stator 160.

[0041] This is explained further with reference to Fig. 6, which shows a logic
flow chart performed by the controller 154 to achieve the electric ratchet
functionality of the powered screwdriver system 100. In one example the logic
flow chart is an executable program of a method stored in memory and
executable by the processor 156. The method, referenced by the numeral 200,
begins at a step 202 where the processor 156 estimates the current position of
the rotor relative to the stator. This may be accomplished in any of a number of
methods, including those methods described above where the controller 154
monitors EMF from the motor 150, and based on the EMF determines the
position of the rotor or where the controller 154 receives signals from Hall effect
sensors or encoders associated with the motor that indicate the position of the
rotor relative to the stator.

[0042] At a step 204, the controller determines whether the ratchet mode is
on or active. In one example, this is accomplished by detecting the position of
the mode selector 118. If the mode selector 118 is at a position where the
ratcheting mode is active, then a signal is sent from the driver 102 to the control
console 104 for processing by the controller 154. The signal permits the
controller to operate the system 100 in a ratcheting mode. In some examples,
the signal is the absence of alternative signals. In the mode selector 118
described above, the ratcheting mode is active in a forward direction anytime the
mode selector 118 is in a forward mode and the trigger is not depressed. The
ratcheting mode is active in a reverse direction anytime the mode selector 118 is
in a reverse mode and the trigger is not depressed. In other examples, the
mode selector includes a ratcheting mode independent of the forward and
reverse modes. Accordingly, a user may activate or turn on the ratchet mode by
moving the mode selector to a ratchet mode. Mode selectors may include

buttons or switches independent of the mode selector described above, and may
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be disposed on the console 104 or on the driver 102. If, at step 204, the ratchet
mode is not on, then the system cycles in a loop, continuing to estimate the
current position of the rotor relative to the current position. In this condition, the
driver may still operate in normal functions, permitting forward driving, reverse

driving, or oscillating, among other control scenarios.

[0043] If at step 204, the ratchet mode is on, then the controller 154
determines whether the ratchet was previously on or whether this is the first time
through the loop at a step 206. If it is the first time through the loop at step 206,
then the loop sets a desired position of the rotor relative the stator. Here, it sets
the desired position as equal to the current position at a step 208. The step of
setting the desired position equal to the current position at step 208 uses the
current position that was estimated at step 202. With the desired position set at
step 208, the process returns to step 202 and again estimates the current
position of the rotor relative to the stator. This estimated current position value is

stored for later use.

[0044] If the ratcheting mode was previously active or on at step 206, then
the controller 154 determines whether the ratchet is set for forward (clockwise)
or reverse (counterclockwise) rotation at step 210. In some embodiments, the
direction of rotation is associated entirely with the setting of the mode selector.
For example, if the mode selector is set in a forward mode, then the direction
may be set as forward. If the mode selector is set in a reverse mode, then the
direction selector may be not set as forward, but instead is set at reverse. In
some examples, as indicated above, the system 100 may be configured to
ratchet in only a single direction. Accordingly, the direction selector at step 210
may also be a condition for determining whether the ratchet is on and therefore,
in some examples may be a part of step 204.

[0045] In this example, where the ratcheting may be selected to be forward or
reverse, the method continues from step 210 depending on the direction
selected. If the direction is forward at step 210, then the method determines the
difference between the desired position and the current position last taken at

step 202. This difference is referred to herein as an error value. The error value
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is then compared to a preset threshold value x to determine whether to use the
motor to counter applied loading and use the system as a ratchet. The threshold
value x is a variable that provides for some movement from the desired position
before the motor is activated. In some examples however, the value x is zero or

substantially zero.

[0046] At step 212, if the error value between the current and the desired
positions is greater than the preset value x, then the controller 154 commutates
the motor to achieve the desired position at a step 214. Accordingly, as the
driver housing begins to displace relative to the collet and driving tool in the
driver 102, the error value between the current position and the desired position
increases until it exceeds the preset value x. Once the error value is greater
than x, the controller 154 controls the motor with power sufficient to effectively
offset the torque being applied to maintain the rotor substantially in the desired
position relative to the stator. This need not necessarily require bringing the
error to zero, but may be include merely limiting or controlling further increases
in the error value. Thus, as a user rotates the driver 102 forward without
depressing the trigger 122, the motor substantially maintains the rotor position
relative to the stator, thereby manually driving the hardware, such as a bone
screw. Further, since the threshold value of x may be in micro degrees, the
relative displacement may be imperceptible to a user. In one example, the value

of x amounts to less than one degree of relative movement.

[0047] If at step 212, the error value between the current and desired
positions is less than the value of x, then the processor 154 determines at a step
216 whether the error value is less than zero. A value less than zero at step 216
indicates that the rotor 162 is being turned in reverse relative to the stator 160.
Consistent with conventional mechanical ratchet operation, freewheel rotation in
one direction is permitted while rotation in the other direction is not. Accordingly,
in this embodiment, the motor is not controlled to limit or prevent rotation in the
reverse direction at step 216. Accordingly, if the error value between the current
and desired positions is less than zero, then the controller 254 resets the desired
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position to the detected current position at step 218. This provides a new

starting point (desired position).

[0048] If at step 216, the error value between the current and desired position
is not less than zero, but was also not greater than x at step 212, then the
controller returns to step 202 and begins the process again.

[0049] Returning now to step 210, if the ratchet setting were not set for
forward ratcheting, then in one example, the controller 154 determines the error
value between the current position and the desired position and compares it to a
negative value of x (-x) at step 220. Operation then operates in a manner similar
to that described above with reference to steps 212, 214, 216, and 218, but
using the opposite direction, resulting in a negative x. That is, if the error value
is less than negative x, then the controller 154 controls the motor to maintain the
current position at the desired position at step 214. As such, the system
effectively limits or prevents relative movement of the driver 102 and the collet or
a screwdriver in the collet. If the error value between the current and desired
positions is not less than negative x, then the controller 154 determines whether
the error value is greater than zero at a step 222. If the error value is greater
than zero, then at step 218, the desired position it set equal to the current

position. If is not greater than zero, then the processor returns to step 202.

[0050] The method 200 described in Fig. 4 is for a system that permits
ratcheting in both the forward and rearward directions, depending on the setting.
Some embodiments permit ratcheting in only one direction, such as a forward
driving direction. In such a system, the steps 220 and 222 may be not present.
Because the motor is powered to prevent or limit relative movement between the
collet and the driver 102, a user can drive the instrument or tool, whether a
screw, a tap, a bit or other instrument or tool, by rotating the driver 102 in a

forward direction without depressing the trigger.

[0051] In one example, the system 100 is configured so that when the driver
is manually rotated in the freewheeled rotation direction, the driver 102 or control
console 104 emits a clicking sound. For example, the clicking sound may be
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emitted when the system is in a ratchet mode and the collet displaces relative to
the driver body by a preset range of rotation, as measured by the displacement
of the rotor relative to the stator. In one embodiment, the controller 154 is
configured to generate a signal that results in a clicking noise one time for every
ten degrees of freewheeled rotation. The speaker emitting the clicking noise
may be disposed on the driver 102 or on the control console 104. Accordingly,
users may hear an electronically generated clicking in the same way users may
hear a mechanical generated clicking noise in a conventional mechanical
system, such as toothed sprocket with pawl systems. In some examples,
instead of an audible clicking noise, the PWM of the motor voltage provides
audible feedback to the user. For example, as applied shaft torque increases,
an audible tone generated by the motor may provide feedback to the user. In
some examples, as the torque increases, the volume of the audible tone
increases, or alternatively, as the torque increases, the pitch (based on

frequencies) increases.

[0052] Although shown and described as having both driver and a control
console, some embodiments of the present disclosure include a driver containing
the processing capability that is disclosed herein as being on the control console
104. Accordingly, in some examples, the controller 154 is disposed on the driver
itself. Further, although the embodiment shown discloses operating power being
drawn from the control console 104, some driver embodiments include their own
separate power source, such as a battery power source, using either a
rechargeable battery pack or primary batteries. Some embodiments include a
power cord pluggable into a conventional power outlet.

[0053] In some examples the driver is a surgical tool configured to be used in
a surgical setting. Accordingly, the driver may be configured in a manner to be
sterilized by an autoclave. Further, the driver may be configured to be entirely
self-contained, without vents or releases of material or flaments from the motor

that could introduce contamination to a sterile field.

[0054] As described above, the freewheel capability of the electric ratchet

includes not powering the motor to prevent motor displacement in the second
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freewheel direction opposite the first, driving direction. Accordingly, a user can
freely rotate the driver relative to the screw in the second, opposite direction. In
some embodiments, the freewheel capability of the electric ratchet also provides
some small level of motor power to offset drive train drag when the motor is
rotated in the second freewheel direction. Accordingly, in some examples,
where the drive train drag exceeds the frictional force on the surgical hardware
(such as a bone screw), the hardware still will not rotate with the driver in both
the first driving and second freewheeling directions. Instead, it will rotate with
the driver in the first driving direction, but the motor will operate to offset the
inherent drag in the driver so that the driver does not rotate with the driver in the
second freewheel direction. This provides the user with the perception that the
electric ratcheting function is freewheel rotating in the second freewheel
direction, although the drag forces are being overcome by the motor.

[0055] The devices, systems, and methods described herein provide an
improved system of driving surgical tools, such as bone anchors and other
surgical tools. Applicants note that the procedures disclosed herein are merely
exemplary and that the systems and methods disclosed herein may be utilized
for numerous other medical processes and procedures. Although several
selected embodiments have been illustrated and described in detail, it will be
understood that they are exemplary, and that a variety of substitutions and
alterations are possible without departing from the spirit and scope of the present
invention, as defined by the following claims.
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CLAIMS
We claim:
1. A powered screwdriver system comprising:
a driver housing having a handle portion configured for gripping by
a user;

a motor disposed within the housing, the motor comprising a stator
and a rotor, the rotor being rotationally disposed within the stator;

a working end providing a rotational output, the working end being
mechanically coupled to the rotor;

a power source arranged to provide power to the motor; and

a controller arranged to receive signals representative of a motor
condition and, based on the received signals, to control the motor in a

manner providing an electric ratchet capability.

2. The powered screwdriver system of claim 1, wherein the controller
is configured to receive signals indicative of a location of the rotor relative to the
stator and is configured to power the motor to maintain a desired position of the

rotor relative to the stator in a first direction.

3. The powered screwdriver system of claim 2, wherein the controller
is configured to permit freewheel rotation of the rotor relative to the stator in a

second direction opposite the first direction.

4. The powered screwdriver system of claim 1, further comprising a
driver and a separate control console, the driver comprising the driver housing,
the motor and the working end, and the separate control console comprising the
controller, the control console being in electrical communication with the driver to

control the motor.

5. The powered screwdriver system of claim 1, wherein the signals

representative of a motor condition are signals indicating a position of the rotor
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relative to the stator, and wherein the controller is configured to determine the
position of the rotor based on the signals.

6. The powered screwdriver system of claim 5, wherein the signals
are one of signals indicative of electromagnetic force from the motor and signals

from rotor sensing elements.

7. The powered screwdriver system of claim 1, wherein the controller
is configured and arranged to control the motor in a manner providing an electric
ratchet capability by:

establishing a desired position of the rotor relative to the stator; and

commutating the motor when torque is applied in a first direction against
the rotor to substantially maintain the rotor at the desired position.

8. The powered screwdriver system of claim 7, wherein the controller
is further configured and arranged to control the motor in a manner providing an
electric ratchet capability by:

permitting freewheel displacement of the rotor when the torque is applied

in a second direction against the rotor.

9. The powered screwdriver system of claim 1, wherein the driver
housing and motor are autoclavable to sterilize the housing before a surgical

procedure.

10.  The powered screwdriver system of claim 1, comprising:

a mode selector; and

an input device for regulating the motor,

and wherein the controller configured to operate in a ratcheting mode
when the mode selector is in a forward mode and the input device is not

depressed.
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11. A powered screwdriver system comprising:
a handpiece driver comprising:

a housing having a handle portion configured for gripping by
a user;

a motor disposed within the housing, the motor comprising a
stator and a rotor, the rotor being rotationally disposed within the
stator; and

a working end providing a rotational output, the working end
being mechanically coupled to the rotor;

a control console separate from and in electrical communication with the
handpiece driver, the control console comprising:

a controller configured to commutate the motor to maintain a
desired relative position of the rotor within the stator when loading
is applied in a first direction on the motor, the controller also being
configured to permit freewheel displacement of the rotor within the
stator when loading is applied in a second direction on the motor.

12. The powered screwdriver system of claim 11, wherein the
controller is configured to receive signals indicative of a position of the rotor
relative to the stator, and wherein the controller is configured to determine the

desired relative position of the rotor based on the signals.

13.  The powered screwdriver system of claim 12, wherein the signals
are one of signals indicative of electromagnetic force from the motor and signals

from rotor sensing elements.

14. The powered screwdriver system of claim 11, wherein the
controller is configured and arranged to:

establish the desired relative position of the rotor and the stator; and

commutate the motor when torque is applied in a first direction against the

rotor to substantially maintain the rotor at the desired relative position.
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15. The powered screwdriver system of claim 1, wherein the driver
housing and motor are autoclavable to sterilize the housing before a surgical

procedure.

16. The surgical screwdriver system of claim 11, wherein the
handpiece driver is configured to emit signals representative of an actual rotor
position relative to a stator, and wherein the control console is configured to
establish a desired rotor position, is configured to receive the signals
representative of the actual rotor position from the handpiece driver, and is
configured to determine when the actual rotor position deviates from the desired
rotor position, wherein the controller is configured to commutate the motor when
the actual rotor position deviates from the desired rotor position over a preset
threshold amount.

17. A method of operating a screwdriver system comprising:

estimating a starting rotor position relative to a stator;

setting a first desired rotor position relative to the stator that is
substantially equivalent to the starting rotor position;

commutating the motor to substantially maintain the first desired rotor
position relative to the stator and offset loading on the rotor applied in a first
direction;

permitting displacement of the actual rotor position within the stator in
response to loading applied on the rotor in a second direction; and

setting a second desired rotor position relative to the stator that is
substantially equivalent to the displaced rotor position.

18.  The method of claim 17, comprising:

determining an error factor as a difference between the first desired rotor
position and the actual rotor position; and

performing the step of commutating the motor to substantially maintain
the first desired rotor position when the error factor exceeds a preestablished
threshold value.
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19.  The method of claim 17, comprising:

determining an error factor as a difference between the first desired rotor
position and the actual rotor position; and

performing the step of setting a second desired rotor position when the
desired rotor position is positive and the error factor is negative or when the

desired rotor position is negative and the error factor is positive.

20.  The method of claim 17, further comprising:

determining whether electric ratchet capability is active;

determining whether a mode selector is in forward or reverse mode; and
generating an signal to emit an audible clicking noise as the actual rotor

position freewheels from the desired rotor position.
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