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MAGNETIC DRILL PRESS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to co-pending U.S. Provisional Patent Application

No. 61/813,813 filed on April 19, 2013 and co-pending U.S. Provisional Patent Application No.

61/898,790 filed on November 1, 2013, the entire contents of both of which are incorporated

herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to power tools, and more specifically to magnetic drill

presses.

BACKGROUND OF THE INVENTION

[0003] Magnetic drill presses perform drilling operations by latching a magnetic base of the

drill press to a ferromagnetic workpiece. Such magnetic bases use electromagnets or permanent

magnets for generating a magnetic field. A magnetic base with permanent magnets typically

physically reorient at least some of the permanent magnets to switch the base between a latched

configuration and a release configuration.

SUMMARY OF THE INVENTION

[0004] The invention provides, in one aspect, a magnetic drill press including a main

housing, a drill unit supported by the main housing for relative movement therewith in a

direction of a rotational axis of the drill unit, and a base coupled to the main housing for

selectively magnetically latching to a ferromagnetic workpiece. The base includes a magnet

holder, a fixed magnet assembly supported within the magnet holder, a rotatable magnet

assembly supported within the magnet holder, and a transmission. The transmission includes an

input, an output coupled to the rotatable magnet assembly for rotating the rotatable magnet

assembly relative to the fixed magnet assembly through a predetermined rotation angle, and a

gear train positioned between the output and the input. The gear train is configured to provide a

variable gear ratio between the output and the input during at least a portion of the predetermined

rotation angle.



[0005] The invention provides, in another aspect, a magnetic drill press including a main

housing, a drill unit supported by the main housing for relative movement therewith in a

direction of a rotational axis of the drill unit, and a magnetic base coupled to the main housing

for selectively magnetically latching to a ferromagnetic workpiece. The base including a

plurality of grooves formed on a surface of the base engageable with the ferromagnetic

workpiece.

[0006] The invention provides, in another aspect, a magnetic base for selectively

magnetically latching to a ferromagnetic surface. The magnetic base includes a magnet holder, a

fixed magnet assembly supported within the magnet holder, a movable magnet assembly

supported within the magnet holder, and a transmission. The transmission includes an input, an

output coupled to the movable magnet assembly for moving the movable magnet assembly

relative to the fixed magnet assembly through a predetermined range of motion, and a plurality

of transmission elements positioned between the output and the input. The elements are

configured to provide a variable mechanical advantage between the output and the input during

at least a portion of the predetermined range of motion.

[0007] Other aspects of the invention will become apparent by consideration of the detailed

description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a perspective view of a magnetic drill press including a magnetic base in

accordance with an embodiment of the invention.

[0009] FIG. 2 is a rear perspective view of the magnetic base of FIG. 1.

[0010] FIG. 3 is an exploded front perspective view of the magnetic base of FIG. 2 .

[0011] FIG. 4 is an exploded rear perspective view of the magnetic base of FIG. 2 .

[0012] FIG. 5A is a cross-sectional view of the magnetic base of FIG. 2 in a latching

configuration taken along the line 5A-5A in FIG. 2 .



[0013] FIG. 5B is a cross-sectional view of the magnetic base of FIG. 2 in a release

configuration.

[0014] FIG. 5C is a cross-sectional view of the magnetic base of FIG. 2 in the latching

configuration, magnetically latched to a workpiece.

[0015] FIG. 6 is a perspective view of a magnet holder of the magnetic base of FIG. 2 .

[0016] FIG. 7 is a front view of a gear train of the magnetic base of FIG. 2 .

[0017] FIG. 8A is a perspective view of a transmission including the gear train of FIG. 7, a

rotatable magnet assembly coupled to the transmission, and a fixed magnet assembly of the

magnetic base of FIG. 2, illustrating the rotatable magnet assembly in a position coinciding with

the latching configuration of the magnetic base.

[0018] FIG. 8B is a perspective view of the transmission, the rotatable magnet assembly, and

the fixed magnet assembly of FIG. 8A, illustrating the rotatable magnet assembly in a position

between the latching configuration and the release configuration of the magnetic base.

[0019] FIG. 8C is a perspective view of the transmission, the rotatable magnet assembly, and

the fixed magnet assembly of FIG. 8A, illustrating the rotatable magnet assembly in a position

coinciding with the release configuration of the magnetic base.

[0020] FIG. 9 is a chart comparing torque and gear ratio as a function of rotation angle of the

rotatable magnet assembly of FIG. 8A.

[0021] FIG. 10 is a chart comparing magnetic holding force as a function of workpiece

thickness of the magnet holder of FIG. 2 .

[0022] FIG. 11 is a rear perspective view of a battery receptacle of the magnetic drill press of

FIG. 1.

[0023] FIG. 12 is a bottom perspective view of the magnetic drill press of FIG. 1 including

an adapter for mounting the magnetic drill press on a non-flat surface.



[0024] FIG. 13 is an exploded, bottom perspective view of the magnetic base and the adapter

of FIG. 12.

[0025] FIG. 14 is a cross-sectional view of the magnetic base and the adapter of FIG. 12.

[0026] Before any embodiments of the invention are explained in detail, it is to be

understood that the invention is not limited in its application to the details of construction and the

arrangement of components set forth in the following description or illustrated in the following

drawings. The invention is capable of other embodiments and of being practiced or of being

carried out in various ways.

DETAILED DESCRIPTION

[0027] FIG. 1 illustrates a magnetic drill press 10 including a drill unit 14, a main housing 18

to support the drill unit 14, and a magnetic base 22 coupled to the main housing 18 and

selectively magnetically latching the magnetic drill press 10 to a ferromagnetic workpiece (not

shown). The drill unit 14 may include a DC motor or an AC motor to rotate a spindle with a

working tool 26 attached thereto about a rotational axis 28. The drill unit 14 is supported by the

main housing 18 for relative movement therewith in a direction along the rotational axis 28. The

magnetic drill press 10 may be powered by a battery 30 as shown in the illustrated embodiment,

from an AC voltage input (i.e., from a wall outlet), or by an alternative DC voltage input (e.g., a

DC power supply).

[0028] The battery 30 is selectively electrically connected with the drill unit 14, and the main

housing 18 includes a receptacle 31 in which the battery 30 is at least partially received. In the

illustrated embodiment, a majority of the battery 30 is contained within the receptacle 31. With

reference to FIG. 11, the receptacle 3 1 is defined by two side walls 146, a rear wall 150, a front

wall 154, and a bottom wall 162. These walls 146, 150, 154, 162 protect and shield the battery

30 from impacts, and in the illustrated embodiment, all but one side of the battery 30 is at least

partially shielded within the receptacle 31.

[0029] With reference to FIG. 1, a power cord 32 extends between the main housing 18 and

the drill unit 14 for delivering power from the battery 30 to the drill unit 14. The power cord 32



forms a loop with a bottom portion 33 proximate the base 22. By routing the power cord 32 in

this manner, the overall height profile of the magnetic drill press 10 is reduced compared to other

commercially available drill presses. In addition, by routing the power cord 32 in this manner, a

user is discouraged from misusing the power cord 32 as a way to carry the magnetic drill press

10.

[0030] With reference to FIGS. 5A and 5B, the magnetic base 22 includes a magnet holder

34, a fixed magnet assembly 38 supported within the magnet holder 34, and a rotatable magnet

assembly 42 supported within the magnet holder 34 and spaced from the fixed magnet assembly

38. In the illustrated embodiment, the magnet assembly 42 is rotatable with respect to the fixed

magnet assembly 38, but in alternative embodiments the magnet assembly 42 may be movable

with respect to the fixed magnet assembly 38 in other ways (e.g., translation, rotation and

translation, etc.). The magnet holder 34 includes an end plate 46 to secure the rotatable magnet

assembly 42 and the fixed magnet assembly 38 within the magnet holder 34. With reference to

FIGS. 5A-5B and 8A-8C, the rotatable magnet assembly 42 in the illustrated embodiment

includes a rotatable drum 50 and four permanent magnets 54 (e.g., Neodymium magnets) affixed

to the rotatable drum 50. The fixed magnet assembly 38 includes four trapezoidal permanent

magnets 58 secured within the magnet holder 34 in the illustrated embodiment. In alternative

embodiments, the rotatable magnet assembly and the fixed magnet assembly may each include

one or more permanent magnets. As illustrated in FIGS. 5A and 5B, the trapezoidal permanent

magnets 58 each include a north (N) and a south (S) pole that are laterally spaced with respect to

a longitudinal axis 62 of the magnetic base 22. Likewise, the permanent magnets 54 of the

rotatable magnet assembly 42 each include a north (N) and a south (S) pole that are laterally

spaced with respect to the longitudinal axis 62 in the positions shown in FIGS. 5A and 5B. With

continued reference to FIGS. 5A and 5B, the magnet holder 34 includes bores 63 in which to

receive and store fasteners 64, the use of which is explained in further detail below.

[0031] With reference to FIG. 6, the magnet holder 34 is shown with the rotatable magnet

assembly 42 and the fixed magnet assembly 38 removed to better illustrate the geometry of the

magnet holder 34. The magnet holder 34 in the illustrated embodiment includes ridges 66 and

grooves 67 defined between adjacent ridges 66 formed on a bottom surface 70 (i.e., the surface

that engages the ferromagnetic workpiece). In the illustrated embodiment, the magnet holder 34



includes four ridges 66 and two grooves 67, the importance of which is described in greater

detail below. In addition, the magnet holder 34 includes slots 74 formed between the rotatable

magnet assembly 42 and the fixed magnet assembly 38.

[0032] With reference to FIGS. 2-4, the magnetic base 22 further includes a transmission 78

having an input 82, an output 86, and a plurality of transmission elements (e.g., a gear train 90)

positioned between the output 86 and the input 82. As discussed in more detail below, the gear

train 90 is configured to provide a variable mechanical advantage (e.g., a variable gear ratio)

between the output 86 and the input 82. The transmission 78 also includes a cover 94 enclosing

the gear train 90 and having an aperture 98 through which the input 82 extends. A hexagonal

body 102 and input knob 104 are coupled for co-rotation with the transmission input 82, and the

input knob 104 is accessible to the user of the magnetic drill press 10 for actuating the

transmission 78. The user can apply torque to the transmission input 82 using the input knob

104.

[0033] With reference to FIGS. 4, 7 and 8A-8C, the gear train 90 includes a single gear stage

with two non-circular gears 106, 110 that are meshed. In alternative embodiments, the gear train

may include any number of stages of circular and non-circular gears (e.g., oval-shaped, elliptical,

etc.), including other means of torque transmission. In the illustrated embodiment, the two non-

circular gears 106, 110 are dissimilar, however alternative embodiments can provide identical

non-circular gears. The transmission input 82 is coupled for co-rotation with a first of the non-

circular gears 106, and the transmission output 86 and the rotatable magnet assembly 42 are

coupled for co-rotation with a second of the non-circular gears 110 (FIGS. 8-10).

[0034] With reference to FIG. 4, the input 82 and the first gear 106 are rotatably supported

(e.g., by one or more bearings) by a support block 122 secured to the magnet holder 34, and the

first gear 106 is operable to rotate about a first, non-central axis 126 when an input torque is

applied by the user to the knob 104 and the transmission input 82. The second gear 110 rotates

about a second axis 130 parallel to the first axis 126. In alternative embodiments, the second

axis 130 may be skewed or perpendicular to the first axis 126. A stop pin 134 extends from the

second gear 110 at a location offset from the second axis 130. With reference to FIG. 3, the stop

pin 134 is received in an arcuate track 138 to limit the rotation of the second gear 110, and



therefore the transmission output 86 and the rotatable magnet assembly 42, to a predetermined

rotation angle (e.g., approximately 135 degrees in the illustrated embodiment). The trackl38 is

defined in the gear cover 94 and spans an arc length nominally greater than 135 degrees to

permit the second gear 110 to rotate approximately 135 degrees about the second axis 130.

Therefore, the second gear 110 is limited to a predetermined rotation angle of approximately 135

degrees about the second axis 130. In alternative embodiments, the arc length of the track may

be different depending upon the predetermined rotation angle of the second gear 110 (e.g.,

approximately 180 degrees). The variable gear ratio provided by the first gear 106 and the

second gear 110 exhibits an overall, average gear ratio of 2 :1 over the entire range of motion.

Therefore, the input gear 106 and the input knob 104 are limited to a range of rotation equal to

approximately 270 degrees. In other words, in the illustrated embodiment, the second gear 110

rotates 135 degrees from start to finish, which corresponds with the first gear 106 rotating 270

degrees from start to finish.

[0035] With reference to FIG. 4, the transmission output 86 is operable to rotate the rotatable

magnet assembly 42 relative to the fixed magnet assembly 38 through the predetermined rotation

angle to actuate the magnetic base 22 between a first configuration (i.e., a latched configuration,

FIG. 5A) in which the base 22 can magnetically latch to a ferromagnetic workpiece, and a

second configuration (i.e., a release configuration, FIG. 5B) in which the base 22 cannot

magnetically latch to the ferromagnetic workpiece. In the release configuration, the magnetic

poles (N, S) of the rotatable magnet assembly 42 are positioned such that the north poles N of the

rotatable magnet assembly 42 are diagonally offset from the north poles N of the fixed magnet

assembly 38, as shown in FIG. 5B. Similarly, the corresponding south poles S of the rotatable

magnet assembly 42 and the fixed magnet assembly 38 are diagonally offset from each other.

When in the release configuration, the magnetic fields of the rotatable magnet assembly 42 and

the fixed magnet assembly 38 are mostly contained within the magnet holder 34 (i.e., almost

none of the magnetic field flows through the workpiece, but rather is short-circuited within the

magnet holder 34). With the magnetic base 22 in the release configuration, the user is able to

position the magnetic drill press 10 with respect to the ferromagnetic workpiece in preparation

for a drilling operation. To latch the magnetic base 22 to a ferromagnetic workpiece, the

magnetic base 22 is actuated from the release configuration (FIG. 5B) to the latched



configuration (FIG. 5A). In the latched configuration, the north and south poles N, S of the

rotatable magnet assembly 42 and the fixed magnet assembly 38, respectively, are oriented in the

same direction (i.e., the north poles N of both the rotatable magnet assembly 42 and the fixed

magnet assembly 38 are on the same side of the base 22). When in the latched configuration, the

magnetic fields of the rotatable magnet assembly 42 and the fixed magnet assembly 38 are

directed externally of the magnet holder 34 and into the ferromagnetic workpiece.

[0036] With reference to FIG. 5C, lines of magnetic flux 140 are illustrated with the

magnetic base 22 in the latched configuration. When the magnetic flux 140 passes through a

ferromagnetic workpiece in contact with the magnet holder 34, a resultant holding force is

established between the magnetic base 22 and the ferromagnetic workpiece. The grooves 67

(i.e., the absence of magnetic material) create a high density of magnetic flux in the ridges 66,

which results in a high holding force present at the ridges 66. Including the grooves 67 on the

bottom surface 70 thereby provide high magnetic flux density with controlled saturation in the

ridges 66 to increase the holding force, in comparison to a similar magnetic base in which the

bottom surface 70 is entirely flat. In particular, the holding force is increased for relatively thin

workpieces by including the grooves 67. With reference to FIG. 10, the holding force is

illustrated as a function of the workpiece thickness for the magnetic base 22 with grooves 67,

and a similar magnetic base but without any grooves. As shown in a substantial part of the range

of FIG. 10, as the workpiece plate thickness decreases, the holding force for the magnetic base

22 with grooves 67 is larger than the magnetic base without any grooves. In other words, the

ridges 66, the grooves 67, and the slots 74 formed in the magnet holder 34 adjust the magnetic

characteristics (i.e., magnetic saturation) of the magnetic base 22 to improve the holding force

between the magnetic base 22 and relatively thin ferromagnetic workpieces. With the magnetic

base 22 latched or fixed to a ferromagnetic workpiece, the drill unit 14 can be utilized, for

example, to drill through the ferromagnetic workpiece.

[0037] Magnets exhibit repulsion when like poles (i.e., both north poles, or both south poles)

face each other and the strength of the repulsion depends on the distance between the like poles.

Changing the position of a first magnet with respect to a second magnet will also change the

repulsion created as the first magnet is moved from one position to another. In the case of the

magnetic base 22, the repulsion between like poles of the rotatable magnet assembly 42 and the



fixed magnet assembly 38 impart a reaction torque or "magnet torque" on the transmission

output 86 as the rotatable magnet assembly 42 is rotated between the release configuration and

the latched configuration. The magnet torque is loaded on the transmission output 86, and the

load is reflected through the transmission 78 to the transmission input 82 and the input knob 104.

In FIG. 9, the magnet torque is illustrated as a function of the degree of rotation of the rotatable

magnet assembly 42. Specifically, FIG. 9 illustrates a range of rotation angle of 135 degrees for

the rotatable magnet assembly 42, and a range of rotation angle of 270 degrees for the input knob

104. As shown in FIG. 9, the magnet torque is variable over the 135 degree range of rotation

angle. The spike in magnet torque followed by the decrease in the magnitude of the magnet

torque at approximately 70 degrees is a result of the geometric design and magnetic

characteristics of the magnetic base 22. The magnet torque, if not accounted for in the manner

described below of the invention, can cause the user to have to apply a large amount of torque,

possibly exceeding human capabilities, to rotate the rotatable magnet assembly 42 between the

release configuration and the latched configuration.

[0038] With reference to FIGS. 8A, 8B, and 8C, the magnet holder 34 and the gear case 94

are removed to clearly illustrate the orientation of the first gear 106, the second gear 110, and the

rotatable magnet assembly 42. FIG. 8C illustrates the magnetic base 22 in the release

configuration with the north poles N poles of the rotatable magnet assembly 42 diagonally offset

from the north poles N of the fixed magnet assembly 38. In the release configuration, the

magnetic fields from the rotatable magnet assembly 42 and the fixed magnet assembly 38 are

mostly contained within the magnet holder 34; therefore, any holding force generated by the

magnetic base 22 while in this configuration is insufficient to latch the base 22 to a

ferromagnetic workpiece. As the user applies torque to the transmission input 82 via the input

knob 104 and causes clockwise rotation (as viewed from FIG. 8C) of the first gear 106 about the

first axis 126, the meshed second gear 110 will rotate counter-clockwise about the second axis

130. As the second gear 110 rotates, the stop pin 134 rotates therewith in the track 138 defined

in the gear train cover 94. FIG. 8B illustrates the magnetic base 22 in a transitional configuration

between the release and the latched configuration, with the rotatable magnet assembly 42 rotated

approximately 45 degrees. FIG. 8A illustrates the magnetic base 22 in the latched configuration

with the second gear 110 having traveled the predetermined rotation angle (i.e., about 135



degrees) and the first gear 106 having traveled the predetermined rotation angle (i.e., about 270

degrees).

[0039] With reference to FIG. 9, the variable gear ratio of the gear train 90 is illustrated as a

function of the predetermined rotational angle of approximately 135 degrees (i.e., the rotational

span of the rotatable magnet assembly 42). As shown in FIG. 9, the gear ratio is designed to

provide a larger mechanical advantage (i.e., a large gear ratio) when the magnet torque is large,

and to provide a smaller mechanical advantage (i.e., a small gear ratio) when the magnet torque

is small. With reference to FIG. 7, the meshed gears 106, 110 form a line of contact 142

between the rotational axes 126, 130 of the gears, and the radius of each of the gears 106, 110

continuously changes during rotation. In other words, the gear ratio is the smallest when the first

gear 106 radius R l along the line of contact 142 is the largest and the second gear 110 radius R2

along the line of contact 142 is the smallest. Likewise, the gear ratio is the largest when the first

gear 106 radius R l along the line of contact 142 is the smallest and the second gear 110 radius

R2 along the line of contact 142 is the largest.

[0040] The gear train 90 is configured to apply a variable output torque to the rotatable

magnet assembly 42 through at least a portion of the predetermined rotation angle of the

rotatable magnet assembly 42. The variable gear ratio generally increases when the magnet

torque increases, and generally decreases when the magnet torque decreases. In addition, as

described above, the variable gear ratio has an overall, average 2:1 gear ratio over the entire

range of motion. With reference to FIG. 9, the variable gear ratio is designed to follow the

magnet torque so that the torque input required by the user is generally constant (i.e., within a

band of about 5 N-m) during a substantial portion (i.e., at least about 75% ) of the predetermined

rotation angle of the rotatable magnet assembly 42 between the release configuration and the

latched configuration. More specifically, the torque input required by the user is within a band

of about 2.5 N-m during at least about 64% of the predetermined rotation angle. The first gear

106 meshed with the second gear 110 in the illustrated embodiment provides the variable gear

ratio (i.e. R2/R1) with a range between about 1:1 and about 4:1, and more specifically between

about 1.4:1 and about 3.5:1. Alternatively, the variable gear ratio may have any range, including

between about 1:2.4 and about 2.4: 1, and between about 1:9 and about 9:1. In other words, the

gear train 90 is configured to receive an input torque from the user for rotating the rotatable



magnet assembly 42 through the predetermined rotation angle, and the input torque is kept

within human capabilities without large spikes in required input torque throughout the entire

range of the predetermined rotation angle. In alternative embodiments, the transmission

elements can provide any range of gear ratios, including reduced ratios (e.g., 1:2).

[0041] The transmission 78 creates an improved feel for the user as the magnetic base 22 is

switched between the latched configuration and the release configuration. In contrast, prior art

magnetic bases required a spike in input torque by the user to account for the non-linear magnet

torque. This spike in required input torque creates an unstable feel for the user and can exceed

the user's physical ability. The magnetic base 22 of the invention eliminates these problems by

making the input torque applied by the user generally constant throughout a substantial range of

rotation angle of the rotatable magnet assembly 42, thereby eliminating any spikes in required

input torque and keeping the applied input torque within a user's physical ability. In addition,

not only is the required input torque kept within a user's physical ability with the transmission

78, but the amount of required input rotation is also reduced. Commercially available drill

presses utilize a constant gear ratio (e.g., 5:1) which keeps the required input torque low, but

requires a relatively large amount of input rotation by the user (e.g., 675 degrees). In other

words, the transmission 78 simultaneously reduces the required input torque and the required

input rotation.

[0042] In alternative embodiments, the transmission input 82 can be rotated by an amount

that is independent (i.e., different) than that of the transmission output 86 for actuating the

magnetic base 22 between the latched and release configurations (i.e., the transmission input 82

can be rotated more or less than the required transmission output 86 rotation). For example, to

make the user's operation of switching the magnetic base 22 between the latched configuration

and the release configuration intuitive, the knob 104 and transmission input 82 can be rotated

about 180 degrees to actuate the magnetic base 22 between the latched and release

configurations. In alternative embodiments, a motor can be included to switch the magnetic base

between the release configuration and the latched configuration instead of requiring user input

torque and rotation. The motor can be advantageously selected to be efficient and small as a

result of the variable mechanical advantage provided by the transmission 78. In other words,



since the motor needs only to be designed to handle a uniform load profile (i.e., a relatively

constant torque), the design specifications for the motor become simplified.

[0043] In the illustrated embodiment, the transmission input 82 is rotated clockwise (as

viewed from FIG. 8C) to switch the magnetic base 22 from the release configuration to the

latched configuration. However, in other embodiments, the gear train 90 may be configured

such that the transmission input 82 is rotated counter-clockwise to switch the magnetic base 22

from the release configuration to the latched configuration. In further alternative embodiments,

the variable gear ratio could be designed to exactly match the variable magnet torque, resulting

in an input torque held within a band of 1 N-m or less across a substantial portion of rotation

angle of the rotatable magnet assembly 42. In general, in alternative embodiments, the

transmission can be customized to provide any user experience regarding the required input

torque (i.e., gradually increasing input torque, gradually decreasing input torque, oscillating input

torque, etc.). In alternative embodiments, the transmission could include any number and

configuration of transmission elements (e.g., linkages, gears, cams, etc.) that provide a variable

mechanical advantage between the transmission input 82 and the transmission output 86.

[0044] With reference to FIGS. 12-14, the drill press 10 may also include an adapter 200. In

some applications, it is desired to use the magnetic drill press 10 on a non-flat, or curved, surface

(e.g., a pipe P). The adapter 200 is removably coupled to the magnet holder 34 to facilitate

placement of the magnet holder 34 on a curved ferromagnetic workpiece. The adapter 200

includes a plurality of projections 204 received within the corresponding grooves 67 in the

magnet holder 34 (FIG. 13). The adapter 200 is secured to the magnet holder 34 with the

fasteners 64 which, in turn, are threaded within the bores 63. The adapter 200 includes a first

side portion 208 and a second side portion 212, and each of the side portions 208, 212 includes a

curved surface 218 that is engageable with the curved ferromagnetic workpiece. A window 222

is defined between the first side portion 208 and the second side portion 212.

[0045] In the illustrated embodiment, the window 222 is unobstructed; however, alternative

embodiments may include non-ferromagnetic material within the window. When the adapter

200 is removed from the magnet holder 34 and is not in use, the fasteners 64 may be stored

within the bores 63 in the magnet holder 34 until the adapter 200 is attached again. The curved



surfaces 218 provide at least two points of contact on which to support the magnet holder 34 on

workpieces having a variety of curvature. In other words, the curved surfaces 218 allow the

magnet holder 34 to be supported on a range of pipe diameters, for example. In alternative

embodiments, the adapter may include a non-metal (e.g., plastic) frame and a plurality of

ferromagnetic blocks secured together by the frame. The blocks may further include a curved

surface that is engageable with the curved ferromagnetic workpiece.

[0046] Various features of the invention are set forth in the following claims.



CLAIMS

What is claimed is:

1. A magnetic drill press comprising:

a main housing;

a drill unit supported by the main housing for relative movement therewith in a direction

of a rotational axis of the drill unit; and

a base coupled to the main housing for selectively magnetically latching to a

ferromagnetic workpiece, the base including

a magnet holder,

a fixed magnet assembly supported within the magnet holder,

a rotatable magnet assembly supported within the magnet holder, and

a transmission including

an input,

an output coupled to the rotatable magnet assembly for rotating the

rotatable magnet assembly relative to the fixed magnet assembly through a

predetermined rotation angle, and

a gear train positioned between the output and the input, the gear train

configured to provide a variable gear ratio between the output and the input

during at least a portion of the predetermined rotation angle.

2 . The magnetic drill press of claim 1, wherein the rotatable magnet assembly is rotated

about 135 degrees relative to the fixed magnet assembly to actuate the magnetic base between a

first configuration in which the base can magnetically latch to a ferromagnetic workpiece, and a

second configuration in which the base cannot magnetically latch to the ferromagnetic

workpiece.

3 . The magnetic drill press of claim 2, wherein the transmission input is rotated about 270

degrees to actuate the magnetic base between the first and second configurations.



4 . The magnetic drill press of claim 1, wherein the gear train includes two non-circular

gears that are meshed.

5 . The magnetic drill press of claim 4, wherein the transmission input is coupled for co-

rotation with a first of the non-circular gears, and wherein the transmission output is coupled for

co-rotation with a second of the non-circular gears.

6 . The magnetic drill press of claim 1, wherein the gear train is configured to apply a

variable output torque to the rotatable magnet assembly through at least a portion of the

predetermined rotation angle of the rotatable magnet assembly, wherein the variable gear ratio

generally increases when the variable output torque increases, and wherein the variable gear ratio

generally decreases when the variable output torque decreases.

7 . The magnetic drill press of claim 6, wherein the gear train is configured to receive an

input torque from the user for rotating the rotatable magnet assembly through the predetermined

rotation angle, and wherein the input torque is within a band of about 5 N-m during at least 75%

of the predetermined rotation angle.

8. The magnetic drill press of claim 1, further comprising a stop in the gear train for limiting

the predetermined rotation angle.

9 . The magnetic drill press of claim 1, wherein the variable gear ratio includes a range

between about 1:2.4 and about 2.4: 1.

10. The magnetic drill press of claim 1, wherein the magnet holder includes a slot between

the rotatable magnet assembly and the fixed magnet assembly.

11. The magnetic drill press of claim 1, wherein the rotatable magnet assembly includes a

rotatable drum and a plurality of permanent magnets affixed to the rotatable drum.



12. The magnetic drill press of claim 1, wherein the magnet holder includes ridges on a

surface of the magnet holder engageable with the ferromagnetic workpiece.

13. The magnetic drill press of claim 12, wherein the magnet holder includes a groove

defined between adjacent ridges.

14. The magnetic drill press of claim 13, wherein the groove is a first of a plurality of

grooves.

15. The magnetic drill press of claim 14, further comprising an adapter coupled to the magnet

holder to facilitate placement of the magnet holder on a curved ferromagnetic workpiece.

16. The magnetic drill press of claim 15, wherein the adapter includes a plurality of

projections received within the corresponding plurality of grooves in the magnet holder.

17. The magnetic drill press of claim 15, wherein the adapter includes a first side portion and

a second side portion, and wherein each of the first and second side portions includes a curved

surface that is engageable with the curved ferromagnetic workpiece.

18. The magnetic drill press of claim 17, wherein the adapter includes a window defined

between the first side portion and the second side portion.

19. The magnetic drill press of claim 15, wherein the adapter is secured to the magnet holder

with a fastener.

20. The magnetic drill press of claim 1, further comprising a battery that is selectively

electrically connected with the drill unit, wherein the main housing includes a receptacle in

which the battery is at least partially received.



2 1. The magnetic drill press of claim 20, further comprising a power cord extending between

the main housing and the drill unit for delivering power from the battery to the drill unit, wherein

the power cord forms a loop with a bottom portion located proximate the base.

22. A magnetic drill press comprising:

a main housing;

a drill unit supported by the main housing for relative movement therewith in a direction

of a rotational axis of the drill unit; and

a magnetic base coupled to the main housing for selectively magnetically latching to a

ferromagnetic workpiece, the base including a plurality of grooves formed on a surface of the

base engageable with the ferromagnetic workpiece.

23. The magnetic drill press of claim 22, wherein the base includes ridges on the surface of

the magnet holder engageable with the ferromagnetic workpiece, and wherein each of the

grooves is defined between adjacent ridges.

24. The magnetic drill press of claim 22, further comprising an adapter coupled to the base to

facilitate placement of the base on a curved ferromagnetic workpiece.

25. The magnetic drill press of claim 24, wherein the adapter includes a plurality of

projections received within the corresponding plurality of grooves in the base.

26. The magnetic drill press of claim 24, wherein the adapter includes a first side portion and

a second side portion, and wherein each of the first and second side portions includes a curved

surface that is engageable with the curved ferromagnetic workpiece..

27. The magnetic drill press of claim 26, wherein the adapter includes a window defined

between the first side portion and the second side portion.

28. The magnetic drill press of claim 24, wherein the adapter is secured to the base with a

fastener.



29. The magnetic drill press of claim 22, wherein the base includes

a magnet holder,

a fixed magnet assembly supported within the magnet holder,

a rotatable magnet assembly supported within the magnet holder, and

a transmission including

an input,

an output coupled to the rotatable magnet assembly for rotating the rotatable

magnet assembly relative to the fixed magnet assembly through a predetermined rotation

angle, and

a gear train positioned between the output and the input, the gear train configured

to provide a variable gear ratio between the output and the input during at least a portion

of the predetermined rotation angle.

30. The magnetic drill press of claim 29, wherein the rotatable magnet assembly is rotated

about 135 degrees relative to the fixed magnet assembly to actuate the magnetic base between a

first configuration in which the base can magnetically latch to a ferromagnetic workpiece, and a

second configuration in which the base cannot magnetically latch to the ferromagnetic

workpiece.

31. The magnetic drill press of claim 30, wherein the transmission input is rotated about 270

degrees to actuate the magnetic base between the first and second configurations.

32. The magnetic drill press of claim 29, wherein the gear train includes two non-circular

gears that are meshed.

33. The magnetic drill press of claim 34, wherein the transmission input is coupled for co-

rotation with a first of the non-circular gears, and wherein the transmission output is coupled for

co-rotation with a second of the non-circular gears.



34. The magnetic drill press of claim 29, wherein the gear train is configured to apply a

variable output torque to the rotatable magnet assembly through at least a portion of the

predetermined rotation angle of the rotatable magnet assembly, wherein the variable gear ratio

generally increases when the variable output torque increases, and wherein the variable gear ratio

generally decreases when the variable output torque decreases.

35. The magnetic drill press of claim 34, wherein the gear train is configured to receive an

input torque from the user for rotating the rotatable magnet assembly through the predetermined

rotation angle, and wherein the input torque is within a band of about 5 N-m during at least 75%

of the predetermined rotation angle.

36. The magnetic drill press of claim 29, further comprising a stop in the gear train for

limiting the predetermined rotation angle.

37. The magnetic drill press of claim 29, wherein the variable gear ratio includes a range

between about 1:2.4 and about 2.4: 1.

38. The magnetic drill press of claim 29, wherein the rotatable magnet assembly includes a

rotatable drum and a plurality of permanent magnets affixed to the rotatable drum.

39. The magnetic drill press of claim 22, further comprising a battery that is selectively

electrically connected with the drill unit, wherein the main housing includes a receptacle in

which the battery is at least partially received.

40. The magnetic drill press of claim 39, further comprising a power cord extending between

the main housing and the drill unit for delivering power from the battery to the drill unit, wherein

the power cord forms a loop with a bottom portion located proximate the base.



4 1. A magnetic base for selectively magnetically latching to a ferromagnetic surface, the

magnetic base comprising:

a magnet holder;

a fixed magnet assembly supported within the magnet holder;

a movable magnet assembly supported within the magnet holder; and

a transmission including

an input,

an output coupled to the movable magnet assembly for moving the movable

magnet assembly relative to the fixed magnet assembly through a predetermined range of

motion, and

a plurality of transmission elements positioned between the output and the input,

the elements configured to provide a variable mechanical advantage between the output

and the input during at least a portion of the predetermined range of motion.

42. The magnetic base of claim 41, wherein the movable magnet assembly is rotatable

relative to the fixed magnet assembly.

43. The magnetic base of claim 42, wherein the predetermined range of motion of the

movable magnet assembly is a predetermined rotation angle, and wherein the movable magnet

assembly is rotatable relative to the fixed magnet assembly through the predetermined rotation

angle.

44. The magnetic base of claim 43, wherein the plurality of transmission elements includes a

gear train that provides a variable gear ratio between the output and the input during at least a

portion of the predetermined rotation angle.
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