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FIG. 1

a gearbox; a handle frame, the powerhead 1s mounted onto the handle
frame; and a drill bit, the drill bit 1s driven by the motor to rotate around
a longitudinal axis, the electric power digging apparatus further com-
prises. a first safety mechanism, wherein the first safety mechanism re-
duces torque output to the drill bit when the powerhead spins around the
longitudinal axis for an angle larger than a first threshold, and a second
safety mechanism, wherein the second safety mechanism reduces torque
output to the drill bit when the powerhead spins around the longitudinal
drive axis at an angular speed larger than a second threshold
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DIGGING APPARATUS WITH SAFETY MECHANISM

FIELD OF THE INVENTION

[0001] The present disclosure generally relates to a hand-operated digging apparatus, and

particularly relates to an electric powered ground auger suitable, but not exclusively, for digging

into the substrate with safety mechanism.

BACKGROUND OF THE INVENTION

[0002] Hand-operated digging apparatus, such as ground augers, are widely used to penetrate
the ground and dig holes 1n the earth. A typical electric powered digging apparatus often includes
a powerhead and a rotatable drill bit with a helical auger blade coaxially mounted around the
drill bit. An electric powered motor 1n the powerhead drives the drill bit and rotates the helical
auger blade downwardly 1nto the soil.

[0003] Generally, hand-operated digging apparatuses are designed to be used with a broad
range of so1l or sand types having diverse physical properties and compositions. When operating
a hand-operated digging apparatus in difficult ground conditions, or drilling through stones or
hard rocks, such as granite or limestone, the helical auger blade may not advance downwardly
and a kickback may occur, resulting in an opposite torque exerted on the operator of the digging
apparatus. It the operator 1s not gripping the handles of the digging apparatus with sufficient

force, the hand-operated digging apparatus may dangerously and uncontrollably self-rotate,
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which may cause injury to the operator. A typical digging apparatus may not be equipped with
satety mechanisms for preventing kickback of the digging apparatus.

|0004] In addition, the maximum torque of a hand-operated digging apparatus 1s generally
predefined by the manufacturer and the degree of customization for each individual operator may
be not possible. In real world applications, 1t can be 1netficient or even dangerous to use the same
maximum driving power for all operators, without taking into account the operator’s physical
strength. If the operator 1s not physically strong enough and 1s not able to sately control a hand-
operated digging apparatus with high torque, kickback may occur more frequently and the
operator may be presented with a higher chance of personal 1njury.

[0005] In view of at least the foregoing deficiencies of conventional electric powered hand-
operated digging apparatus, there 1s a need 1n the art for an improved digging apparatus that has a
stopping or a braking mechanism for minimizing the chance ot accidents and/or abnormal

operation.

SUMMARY OF THE INVENTION

[0006] Provided herein 1s An electric powered digging apparatus, comprising: a powerhead,
the power head comprises a motor and a gearbox; a handle frame, the powerhead 1s mounted
onto the handle frame; and a drill bit, the drill bit 1s driven by the motor to rotate around a
longitudinal axis, the electric power digging apparatus further comprises: a first safety
mechanism, wherein the first satety mechanism reduces torque output to the drill bit when the
powerhead spins around the longitudinal axis for an angle larger than a first threshold, and a

second safety mechanism, wherein the second safety mechanism reduces torque output to the
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dri1ll bit when the powerhead spins around the longitudinal drive axis at an angular speed larger
than a second threshold.

[0007] According to certain aspects, the first safety mechanism comprises a braking lever
extending out from the handle frame, the braking level i1s pivotable relative to the handle frame
from a starting position to an end position, an angle between the starting position and the end
position of the braking lever 1s larger than or equal to the first threshold.

[0008] According to certain aspects, the end position comprises a first end position
corresponding to a first value of the first threshold, and a second end position corresponding to a
second value of the first threshold.

[0009] According to certain aspects, the first satety mechanism further comprises a sensor for
sensing the pivoting angle of the braking lever.

[0010] According to certain aspects, the first safety mechanism further comprises a switch to
be actuated by the braking lever as it pivots from the starting position to the end position.

[0011] According to certain aspects, the first safety mechanism further comprises a biasing
member tor returning the braking lever tfrom the end position to the starting position.

[0012] According to certain aspects, the starting position of the braking lever 1s adjustable.
|0013] According to certain aspects, the second safety mechanism comprises a rotation sensor
coupled to the power head or the handle frame, the rotation sensor 1s contigured to measure the
angular speed of the power head or the handle frame.

[0014] According to certain aspects, the rotation sensor 1S a gyroscopic Sensor.

[0015] According to certain aspects, the electric power to the motor 1s cut off when at least one

of the first satety mechanism and the second safety mechanism 1s actuated.
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[0016] According to certain aspects, the electric power to the motor 1s reduced so that the
motor output toque 1s reduced when at least one of the first safety mechanism and the second
safety mechanism 1s actuated.

[0017] According to certain aspects, the motor rotation 1s reversed for a predetermined period
of time when at least one of the first satety mechanism and the second safety mechanism 1s
actuated.

[0018] According to certain aspects, the powerhead further comprises a clutch, the clutch 1s
actuated to lock the motor and/or gearbox when at least one of the first safety mechanism and the
second safety mechanism 1s actuated.

[0019] According to certain aspects, the digging apparatus further comprises a current sensor,
electric power to the motor 1s cut off when the current sensor measures an electric current to the
motor larger than a third threshold.

[0020] According to certain aspects, the digging apparatus further comprises a control module,
the control module 1s configured to input, store and apply user-specific operation profile,
wherein each user-specific operation profile allows a respective user to specity at least one of the
first threshold and the second threshold.

[0021] According to certain aspects, the control module 1s configured for the user to input a
respective operation profile with a learning mode, at least one of the first threshold and the
second threshold 1s determined when a specified event occurs as a motor output torque 1s
increased from zero.

[0022] According to certain aspects, the specitied event 1s selected from one of the following:

a user releases a trigger, a user presses a trigger, the powerhead spins for a predetermined angle,
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the powerhead spins above a predetermined angular speed, and the powerhead spins above a
predetermined angular acceleration speed.

[0023] According to certain aspects, the digging apparatus further comprises a threshold
selector for an operator to select from multiple values for the first threshold and/or the second
threshold.

[0024] This Summary 1s provided to introduce a selection of concepts 1n a simplified form that
are further described below 1n the Detailed Description. This Summary 1s not intended to 1dentity
key features or essential features of the claimed subject matter, nor 1s 1t intended to be used as an
aid 1n determining the scope ot the claimed subject matter. Other aspects and advantages of the

present invention are disclosed as illustrated by the embodiments hereinatter.

BRIEF DESCRIPTION OF THE DRAWINGS

|0025] The appended drawings contain figures to turther illustrate and clarity the above and
other aspects, advantages and features of the present disclosure. It will be appreciated that these
drawings depict only certain embodiments of the present disclosure and are not intended to Iimat
its scope. It will also be appreciated that these drawings are illustrated for simplicity and clarity
and have not necessarily been depicted to scale. The present disclosure will now be described
and explained with additional specificity and detail through the use of the accompanying
drawings in which:

[0026] FIG. 1 1s a perspective view of an electric powered digging apparatus with safety

mechanism 1n accordance with certain embodiments of the present disclosure;
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[0027] FIG. 2 1s a perspective view of another electric powered digging apparatus with safety
mechanism 1n accordance with certain embodiments of the present disclosure;

[0028] FIG. 3 1s a perspective view of a housing of the powered digging apparatus with safety
mechanism 1n accordance with certain embodiments of the present disclosure;

[0029] FIG. 4 1s a perspective view of the motor and the gearbox 1n accordance with certain
embodiments of the present disclosure;

[0030] FIG. § 1s an exploded view of the motor of FIG. 4 in accordance with certain
embodiments of the present disclosure;

[0031] FIG. 6 1s an exploded view of the gearbox of FIG. 4 in accordance with certain
embodiments of the present disclosure;

[0032] FIG. 7 1s a front view of a drill bit of the digging apparatus of FIGS. 1 or 2 in
accordance with certain embodiments of the present disclosure;

[0033] FIG. 8 1s an exploded view of the braking lever and hinge of the digging apparatus of
FIGS. 1 or 2 1n accordance with certain embodiments of the present disclosure;

[0034] FIG. 9 1s a schematic electrical connection diagram of the digging apparatus of FIGS. 1
or 2 1n accordance with certain embodiments of the present disclosure;

[0035] FIG. 10A 1s a current profile ot the digging apparatus of FIGS. 1 or 2 with increasing
electric current from the battery in accordance with certain embodiments of the present
disclosure; and

[0036] FIG. 10B 1s a graph showing the electric current measurement when the digging

apparatus of FIGS. 1 or 2 hits stones and the motor 1s cut off.

DETAILED DESCRIPTION OF THE INVENTION
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|0037] The present disclosure generally relates to an electric powered hand-operated digging
apparatus for digging into the substrate. More specifically, but without limitation, the present
disclosure relates to a hand-operated digging apparatus, such as a ground auger, for digging into
the substrate with safety mechanism. It 1s an objective of the present disclosure to provide a
digging apparatus having a stopping or a braking mechanism that can be customized for each
operator and/or for preventing abnormal operation (e.g., Kickback).

[0038] FIGS. 1-2 show perspective views of a digging apparatus 1 in accordance with certain
embodiments of the present disclosure. The digging apparatus 1 comprises a powerhead 10, a
handle frame 11 and a drill bit 12. For the sake of clarity, a housing of the powerhead 10 1s not
shown. The digging apparatus 1 may be a hand-operated auger that can be used for a variety of
applications, and in particular, for drilling small-dimension deep holes into substrate. The
substrate may be soi1l, sand, wall, wood, concrete, ice, etc. For instance, the drilled hole can be
used for planting a tree, piling a post, or constructing a building foundation. In the case of ice
drilling, the drilled hole can be used for ice fishing and under-ice exploration. An operator
usually places the digging apparatus 1 vertically above the desired position of the hole to be
drilled so that the drill bit 12 can drill vertically downward into the substrate.

[0039] The powerhead 10 may include a motor S0 and a gearbox 60. A housing 101 of the
powerhead 10 according to certain embodiments of the present disclosure 1s shown 1n FIG. 3.
The housing 101 comprises one or more battery interfaces 102 for receiving one or more
batteries. The battery may be a 36V lithium battery pack or two 18V lithium battery packs. In
certain embodiments, two battery interfaces 102 are provided at the two sides ot the housing 101.

In other embodiments, one battery interface 1s provided at the rear of the housing 101. The
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housing 101 turther comprises one or more venting holes 103 so air can be drawn into and driven
out of the housing 101 for cooling of the motor S0 and the gearbox 60. In certain embodiments,
the venting holes 103 may be provided at the top and/or bottom ot the housing 101. The housing
101 may also provide a user intertace 104 for an operator to control and/or configure the digging
apparatus 1. The user interface 104 may comprise one or more of indicator, display, mechanical
button, membrane button, and touch screen. The housing 101 may also have an electrical
interface 105 for electrical communication with one or more sensors disposed outside the
housing.

[0040] The handle frame 11 of the digging apparatus 1 may include a bottom frame 80 and two
side frames 83. One or more handle grips 21 are mounted to or from the handle frame 11. In
certain embodiments, the bottom frame 80 defines a sunk area, such that the powerhead 10 1s at
least partially surrounded by the bottom frame 80 for better protection. The powerhead 11 may
be attached to and detached from the bottom frame 80 through a mounting plate 82 for easy
transportation. In certain embodiments such attachment and detachment are achieved without
using of tools. A soft protective material may be wrapped around the tubular steel of the bottom
frame 80 and/or the side frames 83 to reduce the transmission of vibration from the digging
apparatus 1 to the operator when operating the digging apparatus 1. The mounting plate 82 1s
perpendicular to a longitudinal drive axis 71, which extends generally vertical from the motor S0
to a distal end 73 of the drill bat 12.

[0041] Two side frames 83 are mounted to or otherwise fixed to the bottom frame 80. In
certain embodiments as shown 1n FIG. 1, the two side frames 83 are symmetrical to each other
and may each have a U-shape. The two side frames 83 may bend upwardly from the bottom

frame 80. In such a contiguration, the handle grips 21 can have a higher vertical position than the
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bottom frame 80. In other words, the bottom frame 80 can be at a level around an operator’s
waist or thigh when the operator grips the two handle grips 21 and operate the digging apparatus
1. This 1s usetul for the satety mechanism to work, which will be discussed later.

[0042] In certain embodiments, there are two handle grips 21 connected to opposing sides of
the handle frame 11. The two handle grips 21 may be respectively provided at the middle part of
the two side frames 83. The two handle grips 21 can be configured symmetrically as shown 1n
FIG. 1 or asymmetrically as shown in FIG. 2. The handle grip 21 can surround a portion of the
side frame 83 or extend out of the side frame 83 away from the motor S0 with a free end 21a
pointing away from the motor S0. By contiguring the handle grip 21 to extend out of the handle
frame 11, the dimension of the handle frame 11 can be reduced, while the distance between two
handle grips 21 can be maintained for an operator to apply sutficient torque without too much
difficulty.

[0043] In certain embodiments, a control button 41 1s provided on at least one of the handle
orips 21, to be manually operable by the operator. The control button 41 may be switched
between an “ON” position and an “OFF” position. When the control button 41 is in the “ON”
position, the motor SO of the digging apparatus 10 may be operated. When the control button 41
1s 1n the “OFF" position, the motor S0 of the digging apparatus 10 1s prevented from being
operated.

[0044] To assemble the powerhead 11 of the digging apparatus 1, the motor S0 and the
gearbox 60 are mounted to each other and placed within the housing 101. The housing 101 1s
mounted on a mounting plate 82. The mounting plate 82 1s welded or otherwise fixed to one or
more support tubes 81. In certain embodiments, the support tubes 81 can have a V-shape, a U-

shape, or any other desired shape. The support tubes 81 are welded or otherwise securely
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attached to the bottom frame 80 to form a protective frame component for the motor S0 and the
gearbox 60, with an output shaft 61 extending downward outside the mounting plate 82. As
shown 1n FIG. 4, the motor 50 1s mounted on top of the gearbox 60 for driving the digging
apparatus 1. In certain embodiments, the motor 50 may drive a clutch (not shown) placed within
the case holding the gearbox 60, and the clutch turther drives the gearbox 60. The clutch can be a
mechanical clutch or an electronic clutch. The gearbox 60 has an output shatt 61 for driving the
drill bit 12. The gearbox 60 1s configured to be driven by the motor 50 with a gear reduction ratio.
[0045] As shown in more detail in FIG. §, in certain embodiments the motor S0 of the
powerhead 11 of the digging apparatus 1 comprises an upper housing 31, a first motor bearing 32,
a stator S3, a rotor 34, a rotor shaft SS, a second motor bearing 56, and a lower housing S7.
[0046] As shown in more detail in FIG. 6, 1in certain embodiments the gearbox 60 of the
powerhead 11 of the digging apparatus 1 comprises a washer 62, a first ring gear 63, a first layer
planetary gear 641, a first layer planet carrier 642, a second layer planetary gear 643, a retaining
ring 63, a second ring gear 66, a gearbox bearing 67, a gearbox housing 68, and an output shaft
61.

[0047] In certain embodiments, the drill bit 12 1s operatively associated with and driven by the
motor S0 via the gearbox 60. Now reterring to FIG. 7, the drill bit 12 1s releasably connected to
the powerhead 11 and 1s concentric and coaxial with the output shatt 61. The output shaft 61 1s at
the bottom of the powerhead 11. The drill bit 12 and the output shaft 61 share the same
longitudinal drive axis 71. The longitudinal drive axis 71 1s the axis about which rotation of the
drill bit 12 occurs. The drill bit 12 extends vertically along and rotates around the longitudinal
drive axis 71 to a distal end 73 and makes contact with the ground or the substrate to be dug. In

certain embodiments, the drill bit 12 comprises one or more tlight teeth 72 at the distal end 73 of

10
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the drill bit 12, and a helical auger blade 74 coaxially mounted around the drill bit 12 and spirally
screwed towards the distal end 73 of the drill bit 12. When 1n use, e.g. when the drill bit 12 of the
digging apparatus 1 abuts or penetrates a substrate to be dug, as the longitudinal drive axis 71
extends generally vertically, the direction of movement of the handle grips 21 (and the
powerhead 11) 1s generally downward. Upon movement of the handle grips 21 1n this direction
and the activation of the control button 41, the powerhead 11 1s configured to enable electric
power supplied from the battery to the motor S0. As such, the motor 50 drives the output shaft 61
to rotate 1n a clockwise direction (when seen from FIG. 1) and causes the drill bit 12 to rotate 1n
the same direction. The drill bit 12 can dig and move downward 1nto the substrate, thus also
move the digging apparatus 1 downward 1nto the substrate.

|0048] The digging apparatus 1 of the present disclosure comprises at least a first safety
mechanism and a second safety mechanism for anti-kickback purpose. When kickback happens
and the motor S0 keeps working, the drill bit 12 1s stalled and the powerhead 11 and the handle
frame 12 start spinning in an opposite direction. This 1s particularly dangerous to the operator as
the operator’s hands still hold the handle frame 12. It 1s therefore essential that the spinning be
minimized to protect the operator. In essence, the first satety mechanism and a second safety
mechanism work under different principles to reduce or cut off power output 1n case of kickback,
either immediately or after a predetermined period of time. The waiting for a predetermined
period of time helps to prevent false alarms due to, e€.g. sensor error or operator gaining back
control.

[0049] In certain embodiments, when the first and/or second safety mechanism 1s actuated,
power supply to the motor 1s cut oft either immediately or after a predetermined period of time.

In certain embodiments, when the first and/or second safety mechanism 1s actuated, the power

11
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supply to the motor 1s not cut off but reduced. As a result, the motor output torque 1s reduced.
This may help the operator to gain back control and hold the digging apparatus steady as the
operator’s output torque may surpass the motor output torque. In this way, the digging operation
1s not interrupted. Under such configuration, there may be provided at least one turther
determination whether the operator 1s able to gain back control or the kickback stops. It not, the
first and/or second safety mechanism can be actuated again to further reduce or cut off power
supply to the motor. In certain embodiments, rather than passively preventing kickback, active
measures can be taken when the first and/or second safety mechanism 1s actuated. For instance,
the clutch with the gearbox can lock the motor or the gearbox i1n case ot Kickback. In other
embodiments, the motor rotation can be reversed for a predetermined period of time.

[0050] In certain embodiments, the first safety mechanism 1s actuated when the powerhead
spins an angle over a first threshold. The first threshold can be a fixed one, or adjustable
according to different operators. In certain embodiments, the first threshold can be an angle
between 10 degrees and 60 degrees, between 15 degrees and 45 degrees, or between 20 degrees
and 30 degrees. The first satety mechanism can be actuated more than once during the operation
of the digging apparatus. In other words, there can be more than one first threshold.

[0051] Refer back to FIG. 1, the first safety mechanism comprises a braking lever 90 that 1s
coupled to the bottom frame 80 or another portion of the handle frame 11 and extends therefrom.
The braking lever 90 extends in a plane generally perpendicular to the longitudinal drive axis 71.
In certain embodiments, this plane 1s substantially at the same level as the bottom frame 80, or at
a level that 1s around the operator’s waist or thigh level. The level of the braking lever 90 may be

adjustable to accommodate to operators of different heights.

12
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[00S2] The braking lever 90 can spin together with the handle frame 11, but as i1t hits some
obstacle (e.g. operator’s waist or thigh), the braking lever 90 can pivot relative to the handle
frame 11. As the braking lever 90 pivots, 1t pivots between a starting position SP and an end
position EP, defining an angle a therebetween. This angle a can be the same as or larger than the
first threshold. The first safety mechanism can be actuated when or before the braking lever 90
pivots the angle a to the end position EP. In certain embodiments, the braking lever 90 can
continue pivoting past the end position EP. This 1s mainly meant to avoid hurting the operator in
case the spinning of powerhead 10 1s not timely stopped.

|00S3] In other embodiments, the braking lever 90 can pivot from the starting position SP to a
first end position EP1 and a second end position EP2. As the braking lever 90 pivots to the first
end position EP1, the first satety mechanism can be actuated, and a first safety measure can be
activated. It the braking lever 90 continues to pivot to the second end position EP2, the first
satety mechanism can be actuated again, and a second safety measure can be activated. In certain
embodiments, the first satety measure can be reducing power supply to the motor and the second
satety measure can be cutting oftf power supply to the motor. In certain embodiments, the first
satety measure can be cutting oft power supply to the motor and the second satety measure can
be reversing rotation of the motor for a predetermined period of time. Other combinations of first
safety measure and second safety measure are also possible. Also, there can be more than two
end positions.

|0054] Retferring to FIG. 8, in certain embodiments, one end of the braking lever 90 1s
connected to a hinge mechanism 91 mounted mainly on one side of the bottom frame 80. The
braking lever 90 by means of the hinge mechanism 91 1s pivotable relative to the bottom frame

80. In certain embodiments, the hinge mechanism 91 comprises a nut 92, a first washer 93, a cam

13
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94, a spindle 95, a second washer 96, a coil spring 97, and a stem 98. Both the stem 98 and the
cam 94 are configured to fit onto the spindle 95. This allows the stem 98 and the cam 94 to pivot
from the starting position SP to the end position EP along with the braking lever 90 when an
external torce 1s applied to the braking lever 90. On the other hand, the coil spring 97 can return
the braking lever 90 from the end position EP to the starting position SP when the external force
1s gone. Biasing members other than the coil spring 97 can equally be used, such as magnets.
[0055] In certain embodiments, one or more lever sensor or mechanical switch (not shown)
may be used to detect the pivotal movement of the braking lever 90, thereby the first safety
mechanism can be actuated as the first threshold 1s reached. The lever sensor can be an angle
sensor that detects the pivoting angle ot the braking lever 90. The detected pivoting angle 1s then
compared with the first threshold. Other types of sensor are equally applicable, such as a
photodiode sensor, a magnetic sensor or a potentiometer. The mechanical switch can be coupled
with the cam 94 of the hinge mechanism 91. The contour of the cam surftace corresponds to the
pivoting angle ot the braking lever 90. The cam 94 can also be replaced with other structures of a
similar function. Other ways of coupling the pivoting movement of the braking lever 90 to the
sensor or switch are also possible and within the contemplation of the present disclosure.

|0056] The placement of the braking lever 90 (1.e. the starting position SP) can be dependent
on the spiral direction of the helical auger blade 74. For instance, as seen 1in FIG. 1, with the
helical auger blade 74 screws towards the distal end 73 1n a clockwise direction, the braking
lever 90 1s positioned at the left side of the digging apparatus 1 as viewed from the controller
side 13 such that the braking lever 90 can be moved pivotally from the starting position SP to the

end position EP during kickback. In certain embodiments, the braking lever 90 1s positioned

14
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relative to the bottom frame 80 and may be adjustable by the operator in terms of position and
orientation relative to the bottom frame 80.

|00S7] As the earth formation can be unpredictable with soil or sand having diverse physical
properties and compositions, when drilling through stones or hard rock, such as granite or
limestone, the helical auger blade 74 may not advance downwardly and a Kickback may occur,
causing an opposite torce exerted on the operator. The digging apparatus 1 may dangerously
self-rotate 1n a reverse circulation manner, which 1s an anticlockwise direction as viewed from
the controller side 13. Therefore, the drill bit 12 could possibly rotate abnormally without
abutting the ground during the kickback, which may potentially cause injury ot the operator at
the lower body. Advantageously, the braking lever 90 in the digging apparatus 1 of the present
disclosure 1s 1nstalled on the bottom frame 80 such that the braking lever 90 1s rotated together
with the bottom frame 80. When the bottom frame 80 1s rotated 1n an anticlockwise direction
during the Kkickback, the braking lever 90 1s also rotated in an anticlockwise direction and
collides with the waist or thigh of the operator. As a result, the braking lever 90 1s pushed to the
end position EP during the collision, which 1s detected by the lever sensor 134 or switch and
actuates the first satety mechanism. The sensitivity of the lever sensor 134 may also be
adjustable. The braking lever 90 will return to the starting position SP under the intluence of the
hinge 91 without collision.

[00588] In certain embodiments, the second satety mechanism 1s actuated when the powerhead
spins at an angular speed over a second threshold. The second threshold can be a fixed one, or
adjustable according to different operators. In certain embodiments, the second threshold can be
an angular speed between 180 degrees per second and 360 degrees per second, between 200

degrees per second and 350 degrees per second, between 220 degrees per second and 340
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degrees per second, between 240 degrees per second and 330 degrees per second, between 260
degrees per second and 320 degrees per second, or between 280 degrees per second and 310
degrees per second. The second safety mechanism can be actuated more than once during the
operation of the digging apparatus. In other words, there can be more than one second threshold.
[0089] In certain embodiments, the second safety mechanism comprises a rotation sensor
mounted to the powerhead 10 or the handle frame 11 to detect the rotation speed of the
powerhead 10 or the handle frame 11. The detected rotation speed 1s compared with the second
threshold. In certain embodiments, the rotation sensor 1s a gyroscopic sensor 132. The
gyroscopic sensor 132 may be a single axis, a two-axis, or a three-axis micro-electromechanical
systems (MEMS) sensor, or a rotation type sensor. Other types of sensors are equally applicable
and within the contemplation ot the present disclosure. In certain embodiments, the gyroscopic
sensor 132 detects and acceleration speed of the spinning of the powerhead 10 or the handle
frame 11.

[0060] In other embodiments, if the detected rotation speed 1s larger than or equals to a first
value, the second safety mechanism can be actuated, and a first safety measure can be activated.
It the detected rotation speed 1s larger than or equals to a second value, the second safety
mechanism can be actuated again, and a second satety measure can be activated. In certain
embodiments, the first satfety measure can be reducing power supply to the motor and the second
satety measure can be cutting off power supply to the motor. In certain embodiments, the first
satety measure can be cutting off power supply to the motor and the second satety measure can
be reversing rotation of the motor for a predetermined period of time. Other combinations of first
safety measure and second safety measure are also possible. Also, there can be more than two

threshold rotation speed.
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[0061] In certain embodiments, the first safety mechanism and the second safety mechanism
can be interlinked. If both the first safety mechanism and the second safety mechanism are
actuated, a more aggressive satety measure can be activated. For instance, 1t only the first satety
mechanism or the second safety mechanism 1s actuated, the power supply to motor may be cut
off. If both the first safety and the second safety mechanism are actuated, the motor rotation may
be reversed for a predetermined period of time.

[0062] In certain embodiments, the gyroscopic sensor or other types of sensor also detect
various conditions of the digging apparatus 1. For instance, the gyroscopic sensor can detect at
least the degree of tilting of the digging apparatus 1 during operation. The tilting of the drill bit
12 1s monitored for maintaining a substantially straight drilling direction, which 1s perpendicular
to the ground. If the tilting of the drill bit exceeds a threshold, the satety mechanism may also be
actuated.

[0063] In certain embodiments, a current sensor 131 1s provided for measuring at least the
electric current delivered from the battery 31 or to the motor §0. The current sensor 131 may be
implemented by shunt measurement of the current from the battery 31, which can be realized by
using a current detection resistor, an operational amplifier, a current transtormer, or other similar
electronic devices. The data from the current sensor 131 1s coupled to a control module 30. FIG.
10A shows a current profile of the digging apparatus 1 with an increasing electric current from
the battery 31. The digging apparatus 1 operates a free run without digging into any substrate
with a current of approximately 3.2A. When the digging apparatus 1 1s digging into a substrate
with a torque of approximately 120Nm, the electric current may be higher than 40A. The current
sensor 131 detects current exceeding a third threshold and the motor 50 1s stopped and locked.

FIG. 10B 1s a graph showing the electric current measurement when the digging apparatus 1 hits
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some stones or hard rocks i1n soil. The electric current may increase significantly in such event
with an electric current of more than 40A. The current sensor 131 detects current exceeding the
third threshold and the motor 50 1s stopped and locked.

[0064] FIG. 9 shows a schematic electrical connection diagram of the digging apparatus 1 1n
accordance with certain embodiments of the present disclosure. The battery 31 provides electric
power to the motor 80 and the control module 30. A switch 110 1s provided between the battery
31 and the motor S0 for cutting oft electric power supplied from the battery 31 to the motor S0.
Alternatively, the switch 110 may be configured to enable or disable the operation of the motor
S0 by locking the motor S0 or actuating a clutch. The clutch 1s contfigured to remove inertia
within the gearbox 60.

[0065] In certain embodiments, the first threshold and the second threshold that will actuate
the first safety mechanism and the second saftety mechanism are configurable by the operator.
This configuration allows independent customization of the safety threshold and the sensitivity
of the satety mechanism as provided by the braking lever 90 and the lever sensor 134 and the
rotation sensor 132.

[0066] In certain embodiments, a threshold selector 121 1s provided for the operator to select
from a plurality of satety thresholds for each of the first safety mechanism and the second safety
mechanism. The threshold selector 121 can be provided at the user interface 104. The plurality of
safety thresholds set the standards based on which the first satety mechanism and the second
safety mechanism can be actuated. For instance, the threshold selector 121 allows a selection
between a low threshold, a medium threshold, or a high threshold for each safety mechanism.
When a low threshold 1s selected, the safety mechanism can be actuated more easily, e.g. when

the powerhead 11 spins a relatively small angle, or spins at a relatively small angular speed.
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When a high threshold 1s selected, the safety mechanism can be actuated less easily, e.g. when
the powerhead 11 spins a relatively large angle, or spins at a relatively large angular speed. The
plurality of safety thresholds can be set at factory or by an operator.

[0067] The control module 30 comprises electronic circuits and components with computing
capability to achieve control of the motor and the safety mechanisms. As such, in practical
implementations of the control module 30, the control module 30 includes one or more
processors and memory device 32. When any one of the sensors discussed above detects a signal
exceeding the safety threshold, the control module 30 1s configured to generate an emergency
stop/control 1nstruction to stop or reduce power supply to the motor 50. Alternatively, with the
emergency stop/control instruction, the motor S0 can be controlled otherwise as discussed above.
[0068] In certain embodiments, the control module 30 1s configured with a learning mode. The
learning mode 1s provided to assist the operator to determine an appropriate satety standard
suitable to his or her personal physical conditions. In real world applications, i1t can be 1netficient
or even dangerous to use the same satety standard for all operators, without taking into account
the operator’s physical strength. The control module 30, comprising one or more processors and
memory device 32, 1s configured to allow the operator to generate and contigure user-specific
operation profile. The user-specitic operation profile records user-specific safety thresholds.
[0069] To configure the user-specific operation profile, the control module 30 enters the
learning mode and the motor output torque increases gradually or stepwise trom zero. The
operator starts the drilling using the digging apparatus and the control module 30 keeps tracking
various parameters, such as motor current, motor output torque, powerhead spinning angle,
powerhead spinning angular speed. The motor output torque increases continuously in the

process until interrupted by a specified event. Upon interruption, at least one of the motor current,
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motor output torque, powerhead spinning angle, powerhead spinning angular speed or other
parameters 18 recorded and converted to the safety threshold for the first safety mechanism
and/or the second safety mechanism.

[0070] The specified event can be various. In certain embodiments, the specified event 1s the
operator releasing the control button 41 or pressing a trigger. Alternatively, the specified event 1s
the powerhead spins for a predetermined angle, or spins above a predetermined angular speed or
a predetermined angular acceleration speed. In other embodiments, the specified event could be
the operator hitting braking lever 90. The user-specific profile for each operator 1s then
memorized and stored in the memory device 32.

[0071] Thas 1llustrates the fundamental structure and mechanism of the digging apparatus in
accordance with the present disclosure. The digging apparatus 1s designed 1n accordance with a
hand-operated ground auger, and it 1s apparent that the present disclosure may be embodied in
other types ot digging tools without departing from the spirit or essential characteristics thereotf.
The present embodiment 1s, therefore, to be considered in all respects as illustrative and not
restrictive. The scope of the disclosure 1s indicated by the appended claims rather than by the
preceding description, and all changes that come within the meaning and range ot equivalency of

the claims are therefore intended to be embraced therein.
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WHAT IS CLAIMED I8S:

1. An electric powered digging apparatus, comprising:

a powerhead, the power head comprises a motor and a gearbox;

a handle frame, the powerhead 1s mounted onto the handle frame; and

a drill bat, the drill bit 1s driven by the motor to rotate around a longitudinal axis,

the electric power digging apparatus further comprises:

a first safety mechanism, wherein the first satety mechanism reduces torque output to the

drill bit when the powerhead spins around the longitudinal axis for an angle larger than a first

threshold, and

a second safety mechanism, wherein the second safety mechanism reduces torque output
to the drill bit when the powerhead spins around the longitudinal drive axis at an angular speed

larger than a second threshold.

2. The electric powered digging apparatus of claim 1, wherein the first satety mechanism
comprises a braking lever extending out from the handle frame, the braking level 1s pivotable
relative to the handle frame from a starting position to an end position, an angle between the

starting position and the end position of the braking lever 1s larger than or equal to the first

threshold.
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3. The electric powered digging apparatus of claim 2, wherein the end position comprises
a first end position corresponding to a first value of the first threshold, and a second end position

corresponding to a second value of the first threshold.

4 The electric powered digging apparatus of claim 2, wherein the first satety mechanism

further comprises a sensor tor sensing the pivoting angle ot the braking lever.

J. The electric powered digging apparatus of claim 2, wherein the first satety mechanism
further comprises a switch to be actuated by the braking lever as it pivots from the starting

position to the end position.

0. The electric powered digging apparatus of claim 2, wherein the first satety mechanism

further comprises a biasing member for returning the braking lever trom the end position to the

starting position.

7. The electric powered digging apparatus of claim 2, wherein the starting position of the

braking lever 1s adjustable.

3. The electric powered digging apparatus of claim 1, wherein the second safety
mechanism comprises a rotation sensor coupled to the power head or the handle frame, the

rotation sensor 1s configured to measure the angular speed ot the power head or the handle frame.
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9. The electric powered digging apparatus of claim 8, wherein the rotation sensor 1s a

gerSCOpiC SCINSOT.

10. The electric powered digging apparatus of claim 1, wherein the electric power to the
motor 18 cut off when at least one of the first satety mechanism and the second safety mechanism

1S actuated.

11. The electric powered digging apparatus of claim 1, wherein the electric power to the
motor 1s reduced so that the motor output toque 1s reduced when at least one of the first safety

mechanism and the second safety mechanism 1s actuated.

12. The electric powered digging apparatus of claim 1, wherein the motor rotation 1s
reversed for a predetermined period of time when at least one of the first safety mechanism and

the second satety mechanism 1s actuated.

13. The electric powered digging apparatus of claim 1, wherein the powerhead further
comprises a clutch, the clutch 1s actuated to lock the motor and/or gearbox when at least one of

the first safety mechanism and the second safety mechanism 1s actuated.
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14. The electric powered digging apparatus of claim 1, further comprising a current sensor,
electric power to the motor 1s cut off when the current sensor measures an electric current to the

motor larger than a third threshold.

13. The electric powered digging apparatus of claim 1, further comprising a control module,
the control module 1s configured to input, store and apply user-specific operation profile,

wherein each user-specific operation protile allows a respective user to specity at least one of the

first threshold and the second threshold.

16. The electric powered digging apparatus of claim 14, wherein the control module 1s
configured for the user to input a respective operation protile with a learning mode, at least one
of the first threshold and the second threshold 1s determined when a specified event occurs as a

motor output torque 1s 1increased from zero.

17. The electric powered digging apparatus of claim 14, wherein the specified event 1s
selected from one of the following: a user releases a trigger, a user presses a trigger, the
powerhead spins for a predetermined angle, the powerhead spins above a predetermined angular

speed, and the powerhead spins above a predetermined angular acceleration speed.
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18. The electric powered digging apparatus of claim 1, further comprising a threshold

selector for an operator to select from multiple values for the first threshold and/or the second

threshold.
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