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ROTARY HAMMER

CROSS-REFERENCE TO RELATED APPLICATIONS

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

No. 61/594,675 filed on February 3, 2012, Application No. 61/737,304 filed on December 14,

2012, and Application No. 61/737,318 filed on December 14, 2012, the entire contents of all of

which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to power tools, and more particularly to rotary

hammers.

BACKGROUND OF THE INVENTION

[0003] Rotary hammers typically include a rotatable spindle, a reciprocating piston

within the spindle, and a striker that is selectively reciprocable within the piston in response to an

air pocket developed between the piston and the striker. Rotary hammers also typically include

an anvil that is impacted by the striker when the striker reciprocates within the piston. The

impact between the striker and the anvil is transferred to a tool bit, causing it to reciprocate for

performing work on a work piece. This reciprocation may cause undesirable vibrations that may

be transmitted to a user of the rotary hammer.

SUMMARY OF THE INVENTION

[0004] The invention provides, in one aspect, a rotary power tool including a housing, a

tool element defining a working axis, and a handle coupled to the housing. The handle is

movable along a first axis parallel with the working axis between a retracted position and an

extended position relative to the housing. The handle includes an upper portion and a lower

portion. The rotary power tool also includes an upper joint coupling the upper portion of the

handle to the housing and a lower joint coupling the lower portion of the handle to the housing.

Each of the upper and lower joints includes a rod extending into the handle and a biasing

member disposed between the handle and the housing. The biasing member is operable to bias



the handle toward the extended position. Each of the upper and lower joints is operable to

attenuate vibration transmitted along the first axis and along a second axis orthogonal to the first

axis.

[0005] The invention provides, in another aspect, a rotary hammer adapted to impart

axial impacts to a tool bit. The rotary hammer includes a motor, a spindle coupled to the motor

for receiving torque from the motor, a piston at least partially received within the spindle for

reciprocation therein, a striker received within the spindle for reciprocation in response to

reciprocation of the piston, and an anvil received within the spindle and positioned between the

striker and the tool bit. The anvil imparts axial impacts to the tool bit in response to

reciprocation of the striker. The rotary hammer also includes a synchronizing assembly operable

in a first configuration in which the motor is drivably coupled to the piston for reciprocating the

piston, and a second configuration in which the piston is decoupled from the motor. The rotary

hammer further includes an actuator operable for switching the synchronizing assembly from the

second configuration to the first configuration in response to depressing the tool bit against a

workpiece.

[0006] Other features and aspects of the invention will become apparent by consideration

of the following detailed description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a cross-sectional view of a portion of a rotary hammer of the invention.

[0008] FIG. 2 is a cross-sectional view of a crankshaft and a synchronizing assembly of

the rotary hammer of FIG. 1.

[0009] FIG. 3 is an exploded, top perspective view of the crankshaft and synchronizing

assembly of FIG. 2 .

[0010] FIG. 4 is an exploded, bottom perspective view of the crankshaft and

synchronizing assembly of FIG. 2 .



[0011] FIG. 5 is an enlarged, cross-sectional view of the synchronizing assembly of FIG.

2 illustrating the synchronizing assembly in a second configuration.

[0012] FIG. 6 is an enlarged, cross-sectional view of the synchronizing assembly of FIG.

2 illustrating the synchronizing assembly during a transition phase from the second configuration

to a first configuration.

[0013] FIG. 7 is an enlarged, cross-sectional view of the synchronizing assembly of FIG.

2 illustrating the synchronizing assembly during the transition phase.

[0014] FIG. 8 is an enlarged, assembled plan view of the synchronizing assembly shown

in FIG. 7 .

[0015] FIG. 9 is an enlarged, cross-sectional view of the synchronizing assembly of FIG.

2 illustrating the synchronizing assembly during the transition phase.

[0016] FIG. 10 is an enlarged, assembled perspective view of the synchronizing

assembly shown in FIG. 9 .

[0017] FIG. 11 is an enlarged, cross-sectional view of the synchronizing assembly of

FIG. 2 illustrating the synchronizing assembly in the first configuration.

[0018] FIG. 12 is an enlarged, assembled perspective view of the synchronizing

assembly shown in FIG. 11.

[0019] FIG. 13 is an enlarged, rear perspective view of the synchronizing assembly of

FIG. 2 illustrating the synchronizing assembly in the second configuration.

[0020] FIG. 14 is a perspective view of two components of the synchronizing assembly

of FIG. 2 .

[0021] FIG. 15 is a side view of the synchronizing assembly of FIG. 2 shown in the

second configuration.

[0022] FIG. 16 is a side view of the synchronizing assembly of FIG. 2 shown in the first

configuration.



[0023] FIG. 1 is a cross-sectional view of a portion of a rotary hammer according to

another embodiment of the invention.

[0024] FIG. 18 is a perspective view of a rotary hammer according to yet another

embodiment of the invention.

[0025] FIG. 19 is a cross-sectional view of a portion of the rotary hammer of FIG. 18.

[0026] FIG. 20 is a cutaway view of an anti-vibration handle of the rotary hammer of

FIG. 18.

[0027] FIG. 2 1 is a perspective cutaway view of an upper joint of the anti-vibration

handle of FIG. 20.

[0028] FIG. 22 is a cross-sectional view of the upper joint taken through line 22-22 of

FIG. 21.

[0029] FIG. 23 is a cross-sectional view of the upper joint taken through line 23-23 of

FIG. 20.

[0030] 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. Also, it is to be understood that the phraseology and terminology

used herein is for the purpose of description and should not be regarded as limiting.

DETAILED DESCRIPTION

[0031] FIG. 1 illustrates a portion of a rotary hammer 10 according to an embodiment of

the invention. The rotary hammer 10 includes a housing 14, a motor 18 disposed within the

housing 14, and a rotatable spindle 22 coupled to the motor 18 for receiving torque from the

motor 18. Although not shown, a tool bit may be secured to the spindle 22 for co-rotation with

the spindle 22 (e.g., using a spline or a hex fit). In the illustrated construction, the rotary hammer

10 includes a quick-release mechanism 26 coupled for co-rotation with the spindle 22 to



facilitate quick removal and replacement of different tool bits. The tool bit may include a necked

section or a groove in which a detent member of the quick-release mechanism 26 is received to

constrain axial movement of the tool bit to the length of the necked section or groove.

[0032] The motor 18 is configured as a DC motor that receives power from an on-board

power source (e.g., a battery). The battery may include any of a number of different nominal

voltages (e.g., 12V, 18V, etc.), and may be configured having any of a number of different

chemistries (e.g., lithium-ion, nickel-cadmium, etc.). Alternatively, the motor 18 may be

powered by a remote power source (e.g., a household electrical outlet) through a power cord.

The motor 18 is selectively activated by depressing a trigger (not shown) which, in turn, actuates

an electrical switch. The switch may be electrically connected to the motor 18 via a top-level or

master controller, or one or more circuits, for controlling operation of the motor 18.

[0033] The rotary hammer 10 further includes an impact mechanism 30 having a

reciprocating piston 34 disposed within the spindle 22, a striker 38 that is selectively

reciprocable within the spindle 22 in response to reciprocation of the piston 34, and an anvil 42

that is impacted by the striker 38 when the striker reciprocates toward the tool bit. The impact

between the striker 38 and the anvil 42 is transferred to the tool bit, causing it to reciprocate for

performing work on a work piece. As will be discussed in more detail below, an air pocket is

developed between the piston 34 and the striker 38 when the piston 34 reciprocates within the

spindle 22, whereby expansion and contraction of the air pocket induces reciprocation of the

striker 38.

[0034] With continued reference to FIG. 1, the spindle 22 is axially movable along a

longitudinal axis 46 from an extended position (shown in FIGS. 1 and 15) to a retracted position

(FIG. 16) in response to depressing the tool bit against the workpiece. Particularly, axial

movement of the anvil 42 is constrained in a rearward direction by a clip 50 (FIG. 1) secured to

the inner periphery of the spindle 22. As such, the tool bit and the anvil 42 may move rearward

in an unconstrained manner until the anvil 42 engages the clip 50, after which the tool bit, the

anvil 42, and the spindle 22 may move rearward against the bias of a biasing member (e.g., one

or more compressible O-rings, a compression spring, etc.). The biasing member(s), therefore,

bias the spindle 22 forward toward the extended position shown in FIG. 1.



[0035] Torque from the motor 18 may be transferred to the spindle 22 by a transmission

54. In the illustrated construction of the rotary hammer 10, the transmission 54 includes an input

gear 58 engaged with a pinion 62 coupled to an output shaft 66 of the motor 18, an intermediate

pinion 70 coupled for co-rotation with the input gear 58, and an output gear 74 coupled for co-

rotation with the spindle 22 and engaged with the intermediate pinion 70. The output gear 74 is

secured to the spindle 22 using a spline-fit or a key and keyway arrangement, for example, that

facilitates axial movement of the spindle 22 relative to the output gear 74 yet prevents relative

rotation between the spindle 22 and the output gear 74. A clutch mechanism 78 may be

incorporated with the input gear 58 to vary the amount of torque that may be transferred from the

motor 18 to the spindle 22.

[0036] With continued reference to FIG. 1, the rotary hammer 10 also includes a

synchronizing assembly 82 operable in a first configuration in which the motor 18 is drivably

coupled to the piston 34 for reciprocating the piston 34, and a second configuration in which the

piston 34 is decoupled from the motor 18. The rotary hammer 10 further includes an actuator 86

(FIG. 13) operable for switching the synchronizing assembly 82 from the second configuration to

the first configuration in response to depressing the tool bit against a workpiece. The

synchronizing assembly 82, therefore, automatically activates the impact mechanism 30 in

response to the tool bit contacting a workpiece. Likewise, the synchronizing assembly 82

automatically deactivates the impact mechanism 30 in response to the tool bit being lifted from

the workpiece.

[0037] With reference to FIG. 1, the synchronizing assembly 82 includes a first clutch

ring 90 coupled to the motor 18 for continuous rotation therewith when the motor 18 is activated

and a second clutch ring 94 which, during a transition phase from the second configuration of the

synchronizing assembly 82 to the first configuration, is engaged with the first clutch ring 90 for

co-rotation therewith and, in the second configuration of the synchronizing assembly 82, is

substantially disengaged from the first clutch ring 90 and non-rotatable with the first clutch ring

90. In the illustrated construction of the rotary hammer 10, the first clutch ring 90 is coupled for

co-rotation with a second input gear 98 which, in turn, is meshed with the motor pinion 62.

Particularly, the first clutch ring 90 is interference fit or press fit to the input gear 98.

Alternatively, the first clutch ring 90 may be integrally formed with the input gear 98 as a single



piece, or coupled for co-rotation with the input gear 98 in any of a number of different manners

(e.g., using a spline or key and keyway arrangement, etc.).

[0038] The input gear 98 is rotatably supported within the housing on a stationary

intermediate shaft 102, which defines a central axis 106 that is offset from a rotational axis 110

of the motor output shaft 66 and pinion 62, by a bearing 114 (e.g., a roller bearing, a bushing,

etc.). As shown in FIG. 1, the respective axes 106, 110 of the intermediate shaft 102 and the

motor output shaft 66 are parallel. Likewise, respective axes 110, 118 of the motor output shaft

66 and the intermediate pinion 70 are also parallel. The impact mechanism 30 also includes a

crank shaft 122 having a hub 126 and an eccentric pin 130 coupled to the hub 126. The hub 126

is rotatably supported on the stationary shaft 102 above the input gear 98 by a bearing 134 (e.g.,

a roller bearing, a bushing, etc.). The impact mechanism 30 further includes a connecting rod

178 interconnecting the piston 34 and the eccentric pin 130.

[0039] With reference to FIGS. 2, 5-7, 9, and 11, the first clutch ring 90 includes an

exterior conical surface 142, and the second clutch ring 94 includes a corresponding interior

conical surface 146 engaged with the exterior conical surface 142 when the synchronizing

assembly 82 is in the transition phase (FIGS. 6 and 7). The engaged conical surfaces 142, 146,

therefore, wedge against each other to ensure that the first and second clutch rings 90, 94 co-

rotate when the synchronizing assembly 82 is in the transition phase. As is described in more

detail below, the second clutch ring 94 is axially movable relative to the first clutch ring 90 when

the synchronizing assembly 82 is actuated between the first and second configurations. As such,

when the synchronizing assembly 82 is in the transition phase between the first and second

configurations, the conical surfaces 142, 146 of the clutch rings 90, 94, respectively, wedge

against each other for transferring torque to the crank shaft 122. The second clutch ring 94 is

axially displaced from the first clutch ring 90 a sufficient amount in the second configuration of

the synchronizing assembly 82, thereby maintaining a gap between the conical surfaces 142, 146,

to substantially inhibit torque transfer to the crank shaft 122. Although not shown, a resilient

member (e.g., a compression spring) may be positioned between the first and second clutch rings

90, 94 for biasing the second clutch ring 94 away from the first clutch ring 90. Alternatively, the

first clutch ring 90 may include an interior conical surface engageable with an exterior conical

surface of the second clutch ring 94.



[0040] With reference to FIGS. 1-7, 9, and 11, the synchronizing assembly 82 also

includes a synchronizer hub 150 coupled for co-rotation with the crank shaft hub 126 and a shift

sleeve 154 positioned around the synchronizer hub 150. In the illustrated construction of the

rotary hammer 10, the crank shaft hub 126 includes radially outwardly extending projections 158

that are received within corresponding grooves 162 on the inner peripheral surface of the

synchronizer hub 150 (FIG. 4) for coupling the synchronizer hub 150 and the crank shaft hub

126 for co-rotation. The shift sleeve 154 is also coupled for co-rotation with the synchronizer

hub 150. Particularly, the synchronizer hub 150 includes spaced pairs of radially outwardly

extending projections 166 that are received within corresponding grooves 170 on the inner

peripheral surface of the shift sleeve 154 (FIG. 3). In other words, each of the grooves 170 in the

shift sleeve 154 receives a single pair of the radially outwardly extending projections 166 on the

synchronizer hub 150.

[0041] Furthermore, the second clutch ring 94 is coupled to the synchronizer hub 150 for

limited relative rotation therewith. Specifically, with continued reference to FIG. 3, the second

clutch ring 94 includes upwardly extending projections 174 that are received within

corresponding downwardly extending grooves or recesses 178 in a lower edge of the

synchronizer hub 150. The recesses 178 in the synchronizer hub 150, however, are wider than

the projections 174 on the second clutch ring 94 such that the second clutch ring 94 may rotate

relative to the synchronizer hub 150 a limited amount. After such limited relative rotation, the

projections 174 contact the sides of the respective recesses 178 to thereby rotationally interlock

the synchronizer hub 150 and the second clutch ring 94 so long as the hub 150 and ring 94 co-

rotate in the same direction.

[0042] With reference to FIGS. 5-7, 9, and 11, the shift sleeve 154 is axially movable on

the synchronizer hub 150 due to sliding engagement of the projections 166 within the grooves

170 between a first position (FIG. 11) coinciding with the first configuration of the

synchronizing assembly 82, and a second position (FIG. 5) coinciding with the second

configuration of the synchronizing assembly 82. The intermediate positions of the shift sleeve

154 shown in FIGS. 6, 7, and 9 coincide with the transition phase of the synchronizing assembly

82, which is described in more detail below. With reference to FIGS. 3, 4, 8, 10, 12, 13, and 14,

the shift sleeve 154 also includes teeth 182 that extend toward the first clutch ring 90, while the



first clutch ring 90 includes corresponding teeth 186 located about the periphery of the exterior

conical surface 142. As described in more detail below, the teeth 182, 186 are engaged when the

shift sleeve 154 is moved to the first position, thereby keying the shift sleeve 154 to the first

clutch ring 90 to rotationally interlock the shift sleeve 154 and the first clutch ring 90, and

therefore the crank shaft 122 and the second input gear 98, respectively. The synchronizing

assembly 82, therefore, assumes the first configuration when the shift sleeve 154 is moved to the

first position shown in FIGS. 11, 12, and 16. The second clutch ring 94 also includes teeth 188

located about its outer periphery, the purpose of which is described in detail below.

[0043] With reference to FIGS. 2-4, the synchronizing assembly 82 further includes a

detent arrangement that is operable during the transition phase of the synchronizing assembly 82

to transfer a downward force from the shift sleeve 154 to the synchronizer hub 150, from the

frame of reference of FIG. 2, to initiate wedging of the conical surfaces 142, 146 of the

respective clutch rings 90, 94. In the illustrated construction of the rotary hammer 10, the detent

arrangement includes a ball detent 190 situated within a radial bore 194 in the synchronizer hub

150. A resilient member (e.g., a compression spring, not shown) is positioned between the crank

shaft hub 126 and the ball detent 190 for biasing the ball detent 190 radially outwardly toward

the shift sleeve 154. The detent arrangement also includes a radially inwardly extending

protrusion 198 on an inner peripheral surface of the shift sleeve 154 that is engageable by the

ball detent 190. Particularly, the protrusion 198 includes a lower surface 202 that is engageable

by the ball detent 190 during the transition phase of the synchronizing assembly 82, and an upper

surface 206 that is engaged by the ball detent 190 to maintain the shift sleeve 154 in the first

position (FIG. 11) coinciding with the first configuration of the synchronizing assembly 82.

Alternatively, the ball detent 190 may be supported on the shift sleeve 154, and the protrusion

198 may be formed on the synchronizer hub 150. As a further alternative, the detent

arrangement may be configured in any of a number of different ways.

[0044] The actuator 86 is pivotably coupled to the housing 14 and interconnects the

spindle 22 and the shift sleeve 154 such that axial movement of the spindle 22 from the extended

position (FIGS. 1 and 15) to the retracted position (FIG. 16) causes the shift sleeve 154 to move

from the second position to the first position. Particularly, the actuator 86 is configured to



redirect axial movement of the spindle 22 along the longitudinal axis 46 to the shift sleeve 154 in

a substantially normal direction along the central axis 106 of the intermediate shaft 102.

[0045] With reference to FIG. 13, the rotary hammer 10 includes a bracket 210 fixed to a

transmission housing 214 (FIG. 1) of the rotary hammer 10. Accordingly, the bracket 210 is

stationary with respect to the transmission housing 214 and the outer housing 14. The actuator

86 includes a plate 218 (FIG. 13) coupled for axial movement with the spindle 22, and two pivot

arms 222 located on opposite sides of the spindle 22. The plate 218 is movable with the spindle

22 as it slides back and forth along the longitudinal axis 46. Each pivot arm 222 includes a first

arm portion 226 coupled to the spindle 22 and a second arm portion 230 coupled to the shift

sleeve 154. Particularly, the first arm portion 226 is defined between respective first and second

pins 234, 238 on each of the pivot arms 222 that are pivotably coupled to the bracket 210 and the

plate 218, while the second arm portion 230 is defined between the first pin 234 and a third pin

242 on each of the pivot arms 222. The third pin 242 of each of the pivot arms 222 is received

within a circumferential groove 246 on an outer periphery of the shift sleeve 154, such that the

pins 242 slide within the groove 246 when the shift sleeve 154 is rotating. The first and second

arm portions 226, 230 of each of the pivot arms 222 share a common pivot (i.e., about the first

pin 234) relative to the housing 14.

[0046] Prior to depressing the tool bit in the rotary hammer 10 against a workpiece, the

shift sleeve 154 is maintained in the second position shown in FIGS. 5 and 15 by the pivot arms

222 which, in turn, are maintained in the position shown in FIG. 15 when the spindle 22 is in its

extended position. Accordingly, the lower surface 202 of the protrusion 198 is spaced from the

ball detent 190 (FIG. 5). The synchronizing assembly 82, therefore, is maintained in the second

configuration when the spindle 22 is in its extended position. Although not shown, the resilient

member (e.g., a compression spring) positioned between the first and second clutch rings 90, 94

biases the second clutch ring 94 away from the first clutch ring 90 to provide a small gap or

spacing between the conical surfaces 142, 146 of the respective clutch rings 90, 94.

Accordingly, torque transfer from the first clutch ring 90 to the second clutch ring 94 is inhibited,

with the second clutch ring 94, the synchronizer hub 150, the shift sleeve 154, and the crankshaft

122 remaining stationary while the first clutch ring 90 and the input gear 98 are continuously

rotated by the motor 18 when the motor 18 is activated.



[0047] When the tool bit in the rotary hammer 10 is depressed against a workpiece, the

tool bit pushes the anvil 42, and therefore the spindle 22 (via the clip 50), rearward from the

frame of reference of FIG. 1. The actuator 86 redirects the rearward axial movement of the

spindle 22 to the shift sleeve 154, displacing the shift sleeve 154 downward from the second

position (FIG. 5) to initiate the transition phase of the synchronizing assembly 82. Particularly,

each of the pivot arms 222 is pivoted in a counter-clockwise direction from the frame of

reference of FIGS. 15 and 16 (i.e., about the coaxial pivot axes of the first pins 234 of the

corresponding pivot arms 222), thereby axially displacing the shift sleeve 154 downward via the

third pins 242 which, in turn, are slidably received within the circumferential groove 246 of the

shift sleeve 154. Initially upon displacement of the shift sleeve 154, the lower surface 202 of the

protrusion 198 engages the ball detents 190 in the synchronizer hub 150 (FIG. 6). Continued

downward displacement of the shift sleeve 154 exerts a downward force on the ball detents 190

and therefore the synchronizer hub 150 which, in turn, exerts a downward force on the second

clutch ring 94 to close the gap between the conical surfaces 142, 146 of the respective clutch

rings 90, 94.

[0048] After the gap between the conical surfaces 142, 146 of the respective clutch rings

90, 94 is closed, the clutch rings 90, 94 become frictionally engaged via the wedged conical

surfaces 142, 146. Because the first clutch ring 90 is continuously rotating with the input gear

98, the factional engagement initially accelerates the second clutch ring 94 to rotate in the same

direction as the first clutch ring 90. Shortly thereafter, the projections 174 on the second clutch

ring 94 contact the sides of the respective recesses 178 in the synchronizer hub 150 to thereby

rotationally interlock the synchronizer hub 150 and the second clutch ring 94. After this time,

the second clutch ring 94, the synchronizer hub 150, the shift sleeve 154, and the crankshaft 122

are rotationally accelerated in unison to "catch-up" with the rotating first clutch ring 90.

[0049] With reference to FIGS. 7 and 8, continued downward displacement of the shift

sleeve 154 during the transition phase of the synchronizer assembly 82 causes the ball detents

190 to slide over the lower surface 202 of the protrusion 198 and retract into the radial bore 194.

As the ball detents 190 slide over the apex of the protrusion 198 between the lower and upper

surfaces 202, 206, the shift sleeve 154 no longer exerts a downward force on the second clutch

ring 94 via the ball detents 190 and the synchronizer hub 150. Rather, at this time, the teeth 182



on the shift sleeve 154 engage corresponding teeth 188 on the second clutch ring 94 (FIG. 8) and

directly impart a downward force on the second clutch ring 94 to continue the frictional

engagement between the conical surfaces 142, 146 of the respective clutch rings 90, 94.

Particularly, inclined surfaces of the respective teeth 182, 188 engage to provide a vertical

component of force acting downwardly on the second clutch ring 94.

[0050] With reference to FIGS. 9 and 10, further downward displacement of the shift

sleeve 154 during the transition phase of the synchronizer assembly 82 causes the second clutch

ring 94 to incrementally rotate due to the tangential component of force acting on the second

clutch ring 94 as a result of the contact between the inclined surfaces of the respective teeth 182,

188. As shown in FIG. 10, the second clutch ring 94 continues to incrementally rotate until the

teeth 188 on the second clutch ring 94 are wholly contained between adjacent teeth 182 on the

shift sleeve 154. The ball detents 190 may be engaged with the upper surface 206 of the

protrusion 198 at this time during the transition phase, but need not be (FIG. 9).

[0051] With reference to FIGS. 11 and 12, the transition phase of the synchronizing

assembly 82 is completed when the corresponding teeth 182, 186 on the shift sleeve 154 and the

first clutch ring 90 engage to rotationally interlock or key the shift sleeve 154 and the first clutch

ring 90 (FIG. 12). The synchronizing assembly 82, thereafter, is considered to be in the first

configuration in which the crankshaft 122 rotates in unison with the first clutch ring 90 and the

input gear 98.

[0052] As such, the synchronizing assembly 82 facilitates acceleration of the impact

mechanism 30 over a period of time (i.e., the amount of time occurring between movement of

the shift sleeve 154 from the second position shown in FIG. 5 to the first position shown in FIG.

11) prior to rotationally interlocking the impact mechanism 30 and the motor 18. Thereafter, the

rotating crank shaft 122 reciprocates the piston 34 within the spindle 22 for operating the rotary

hammer 10 in a "hammer-drill" mode or a "hammer-only" mode in which the piston 34

reciprocates within the spindle 22 to draw the striker 38 rearward and then accelerate it towards

the anvil 42 for impact (e.g., via an air pocket developed between the piston 34 and the striker

38). The impact between the striker 38 and the anvil 42 is subsequently transferred to the tool bit

for performing work on the work piece.



[0053] When the tool bit is removed from the workpiece, the rotary hammer 10 may

transition from the hammer-drill or hammer-only mode to an "idle" mode, in which the spindle

22 is permitted to return to its extended position, thereby returning the shift sleeve 154 to the

second position (FIG. 5) and frictionally de-coupling the clutch rings 90, 94. Torque transfer to

the crank shaft 122 is therefore interrupted, halting further reciprocation of the piston 34 within

the spindle 22 and subsequent impacts between the striker 38 and the anvil 42. The rotary

hammer 10 may thereafter be operated in a "drill-only" mode in which the spindle 22 and the

attached tool bit are rotated, but the impact mechanism 30 is deactivated. The rotary hammer 10

may include a switch (not shown) that selectively inhibits rearward movement of the spindle 22

in response to depressing the tool bit against a workpiece, thereby maintaining the rotary

hammer 10 in the "drill-only" mode.

[0054] Depressing the tool bit against the workpiece (with the optional switch toggled to

not interfere with the spindle 22) to push the anvil 42 and the spindle 22 rearward causes the

rotary hammer 10 to transition back to the hammer-drill or hammer-only modes.

[0055] FIG. 1 illustrates a rotatable spindle 248 and a striker 250 of a rotary hammer

according to another embodiment of the invention. This embodiment employs much of the same

structure and has many of the same properties as the embodiment of the rotary hammer 10

described above in connection with FIGS. 1-16. Accordingly, the following description focuses

primarily upon the structure and features that are different than the embodiment described above

in connection with FIGS. 1-16.

[0056] An O-ring 252 is received within a corresponding groove in the striker 250. The

rotary hammer also includes a reciprocating piston (not shown) rearward of the striker 250 and

that is driven by an electric motor (not shown) and a transmission (not shown), and an anvil 254

that is impacted by the striker 250 and which transfers the impact to a tool bit (not shown). The

spindle 248 includes a set of idle ports 256 that fluidly communicate the interior of the spindle

248 with the atmosphere when the striker 250 is in the position shown in FIG. 17. The rotary

hammer also includes a tool holder 258 in which the tool bit is received and that is axially

movable relative to the spindle 248. Particularly, the tool holder 258 includes multiple axially

extending grooves 257 in which corresponding keys 259 secured to the spindle 248 are received.



[0057] When the tool bit of the rotary hammer is depressed against a workpiece, the tool

bit pushes the tool holder 258 and the striker 250 rearward (i.e., to the right from the frame of

reference of FIG. 17) with respect to the spindle 248, far enough to block the idle ports 256 with

the striker 250. In this "impact" position of the striker 250, an air pocket is formed between the

striker 250 and the reciprocating piston. During operation of the rotary hammer in a "hammer"

mode in which the idle ports 256 are blocked by the striker 250, the piston reciprocates within

the spindle 248 to draw the striker 250 rearward and then accelerate it towards the anvil 254 for

impact.

[0058] When the tool bit is removed from the workpiece, the rotary hammer may

transition from the hammer mode to an "idle" mode, in which the tool holder 258 and striker 250

resume their positions shown in FIG. 17 in which the idle ports 256 are uncovered by the striker

250 to de-pressurize the interior of the spindle 248 between the striker 250 and the piston. As

the spindle 248 is depressurized, the striker 250 is decelerated and comes to rest. Continued

reciprocation of the piston is therefore permitted without drawing the striker 250 back to the

previously described impact position. Rather, air is alternately drawn and expelled through the

idle ports 256 while the piston reciprocates. Depressing the tool bit against the workpiece to

push the tool holder 258 and the striker 250 rearward to again block the idle ports 256 causes the

rotary hammer to transition back to the "hammer" mode.

[0059] FIGS. 18-23 illustrate a rotary hammer 260 according to yet another embodiment

of the invention. With reference to FIG. 18, the rotary hammer 260 includes a housing 262 and a

motor 264 disposed within the housing 262. A tool bit 266, defining a working axis 268, is

coupled to the motor 264 for receiving torque from the motor 264. In the illustrated

embodiment, the motor 264 is powered by a remote power source (e.g., a household electrical

outlet) through a power cord 270. Alternatively, the motor 264 may receive power from an on

board power source (e.g., a battery; not shown). The battery may include any of a number of

different nominal voltages (e.g., 12V, 18V, etc.), and may be configured having any of a number

of different chemistries (e.g., lithium-ion, nickel-cadmium, etc.). The motor 264 is selectively

activated by depressing a trigger 272 which, in turn, actuates an electrical switch (not shown).

The switch may be electrically connected to the motor 264 via a top-level or master controller, or

one or more circuits, for controlling operation of the motor 264.



[0060] With reference to FIGS. 18 and 19, the tool bit 266 is secured to a spindle 274 for

co-rotation with the spindle 274 (e.g., using a quick-release mechanism). The rotary hammer

260 further includes an impact mechanism 276 having a reciprocating piston 278 disposed within

the spindle 274, a striker 279 that is selectively reciprocable within the spindle 274 in response to

reciprocation of the piston 278, and an anvil 280 that is impacted by the striker 279 when the

striker 279 reciprocates toward the tool bit 266. The impact between the striker 279 and the

anvil 280 is transferred to the tool bit 266, causing it to reciprocate for performing work on a

work piece. The spindle 274 and the impact mechanism 276 of the rotary hammer 260 can have

any suitable configuration for transmitting rotary and reciprocating motion to the tool bit 266,

such as the configurations described above with reference to the rotary hammer 10 of FIGS. 1-16

or the rotary hammer of FIG. 17. The synchronizing assembly 82 of FIGS. 3 and 4 may also be

utilized in the rotary hammer 260.

[0061] With reference to FIG. 20, the rotary hammer 260 further includes a handle 282

having an upper portion 284 and a lower portion 286 coupled to the housing 262 via an upper

joint 288 and a lower joint 290, respectively. With reference to FIG. 18, the handle 282 includes

an upper bellows 292 disposed between the upper portion 284 and the housing 262, and a lower

bellows 294 disposed between the lower portion 286 and the housing 262. The bellows 292, 294

protect the joints 288, 290 from dust or other contamination. The handle 282 is formed from

cooperating first and second handle halves 282a, 282b (FIG. 23) secured together by fasteners

296 (FIG. 18), and the handle 282 includes an overmolded grip portion 298 to provide increased

operator comfort. In other embodiments, the handle 282 may be formed as a single piece or may

not include the overmolded grip portion 298.

[0062] Operation of the rotary hammer 260 may produce vibration at least due to the

reciprocating motion of the impact mechanism 276 and intermittent contact between the tool bit

266 and a work piece. Such vibration may generally occur along a first axis 302 parallel to the

working axis 268 of the tool bit (FIG. 21). Depending upon the use of the rotary hammer 260,

vibration may also occur along a second axis 306 orthogonal to the first axis 302 and along a

third axis 310 orthogonal to both the first axis 302 and the second axis 306. To attenuate the

vibration being transferred to the handle 282, and therefore the operator of the rotary hammer

260, the upper and lower joints 288, 290 each permit limited movement of the handle 282



relative to the housing 262 in the directions of the first axis 302, the second axis 306, and the

third axis 310. For example, the upper and lower joints 288, 290 enable movement of the handle

282 relative to the housing 262 along the first axis 302 between an extended position and a

retracted position. The extended position and the retracted position correspond with the

respective maximum and minimum relative distances between the handle 282 and the housing

262 during normal operation of the rotary hammer 260. The upper and lower joints 288, 290 are

structurally and functionally identical, and as such, only the upper joint 288 is described in detail

herein. Like components are identified with like reference numerals.

[0063] With reference to FIG. 22, the first and second handle halves 282a, 282b each

include a front wall 314, a rear wall 318, an upper wall 322, and a lower wall 326 that

collectively define a cavity 330 when the first and second handle halves 282a, 282b are attached.

The upper joint 288 includes a rod 334 having a distal end 338 coupled to the housing 262, a

head 342 opposite the distal end 338, and a shank 346 extending through the cavity 330. The

distal end 338 is coupled to the housing 262 by a first, generally T-shaped bracket 350. The

bracket 350 includes a rectangular head 354 and a post 358 extending from the head 354. In the

illustrated embodiment, the rod 334 is a threaded fastener (e.g., a bolt), and the post 358 includes

a threaded bore 362 in which the threaded end 338 of the rod 334 is received. In other

embodiments, the rod 334 may be coupled to the bracket 350 in any suitable fashion (e.g., an

interference fit, etc.), or the rod 334 may be integrally formed as a single piece with the bracket

350. In the illustrated embodiment, the bracket 350 is coupled to the housing 262 using an insert

molding process. Alternatively, the bracket 350 may be coupled to the housing 262 by any

suitable method.

[0064] With continued reference to FIG. 22, the upper joint 288 includes a biasing

member 366 disposed between the upper portion 284 of the handle 282 and the housing 262.

The biasing member 366 is deformable to attenuate vibration transmitted from the housing 262

along the first axis 302. In the illustrated embodiment, the biasing member 366 is a coil spring;

however, the biasing member 366 may be configured as another type of elastic structure. The

upper joint 288 also includes a second, generally T-shaped bracket 370 coupled to the rod 334.

The bracket 370 includes a rectangular head 374 and a hollow post 378 extending from the head

374 through which the shank 346 of the rod 334 extends. The head 342 of the rod 334 limits the



extent to which the shank 346 may be inserted within the hollow post 378. A sleeve 382, having

a generally square cross-sectional shape, surrounds the rod 334 and the posts 358, 378 of the

brackets 350, 370 to provide smooth, sliding surfaces 386 (FIG. 23) along the length of the rod

334. The rectangular head 374 of the bracket 370 is configured to abut the rear walls 318 of the

respective handle halves 282a, 282b in the extended position of the handle 282 and to be spaced

from the rear walls 318 of the respective handle halves 282a, 282b as the handle 282 moves

towards the retracted position.

[0065] With continued reference to FIG. 23, the upper joint 288 also includes a first

guide 390 and a second guide 394 positioned within the cavity 330 on opposing sides of the

sleeve 382. The guides 390, 394 are constrained within the cavity 330 along the first axis 302 by

the front and rear walls 314, 318 of the handle halves 282a, 282b such that the guides 390, 394

move with the handle 282 along the sliding surfaces 386 of the sleeve 382 as the handle 282

moves along the first axis 302. A first bumper 398 is disposed within the cavity 330 between the

first guide 390 and the first handle half 282a, and a second bumper 402 is disposed within the

cavity 330 between the second guide 394 and the second handle half 282b. The bumpers 398,

402 are formed from an elastic material (e.g., rubber) and are deformable to allow the handle 282

to move relative to the housing 262 a limited extent along the second axis 306 (see also FIG. 22).

The bumpers 398, 402 resist this movement, thereby attenuating vibration transmitted from the

housing 262 to the handle 282 along the second axis 306.

[0066] With reference to FIG. 21, the upper joint 288 includes a gap 406 between the

sleeve 382 and the upper walls 322 of the handle halves 282a, 282b, and another gap 410

between the sleeve 382 and the lower walls 326 of the handle halves 282a, 282b. The gaps 406,

410 allow the guides 390, 394 to slide relative to the sleeve 382 a limited extent along the third

axis 310. The gaps 406, 410 therefore allow the handle 282 to move relative to the housing 262

a limited extent along the third axis 310. The biasing member 366 resists shearing forces

developed by movement of the handle 282 along the third axis 310, thereby attenuating vibration

transmitted to the handle 282 along the third axis 310. In addition, the upper bellows 292 is

formed from a resilient material and further resists the shearing forces developed by movement

of the handle 282 along the third axis 310, thereby providing additional vibration attenuation.



Similarly, the lower bellows 294 attenuates vibration transmitted to the handle 282 along the

third axis 310 in conjunction with the lower joint 290.

[0067] In operation of the rotary hammer 260, vibration occurs along the first axis 302,

the second axis 306, and/or the third axis 310 depending on the use of the rotary hammer 260.

When the handle 282 moves relative to the housing 262 along the first axis 302 between the

extended position and the retracted position, and the biasing member 366 of each of the joints

288, 290 expands and compresses accordingly to attenuate the vibration occurring along the first

axis 302. Additionally, the bumpers 398, 402 of each of the joints 288, 290 elastically deform

between the handle halves 282a, 282b and the guides 390, 394, respectively, to permit limited

movement of the handle 282 relative to the housing 262 along the second axis 306, thereby

attenuating vibration occurring along the second axis 306. Finally, the gaps 406, 410 defined by

each of the joints 288, 290 allow for limited movement of the handle 282 relative to the housing

262 along the third axis 310, and the biasing member 366 and the upper and lower bellows 292,

294 resist the resulting shearing forces to attenuate the vibration occurring along the third axis

310.

[0068] Various features of the invention are set forth in the following claims.



CLAIMS

What is claimed is:

1. A rotary power tool comprising:

a housing;

a tool element defining a working axis;

a handle coupled to the housing and movable along a first axis parallel with the working

axis between a retracted position and an extended position relative to the housing, the handle

including an upper portion and a lower portion;

an upper joint coupling the upper portion of the handle to the housing; and

a lower joint coupling the lower portion of the handle to the housing, each of the upper

and lower joints including a rod extending into the handle and a biasing member disposed

between the handle and the housing, the biasing member operable to bias the handle toward the

extended position,

wherein each of the upper and lower joints is operable to attenuate vibration transmitted

along the first axis and along a second axis orthogonal to the first axis.

2 . The rotary power tool of claim 1, wherein each of the upper and lower joints further

includes a first bracket fixed to one of the housing and the rod and a second bracket coupled to

the other of the housing and the rod.

3 . The rotary power tool of claim 2, wherein at least one of the first bracket and the second

bracket limits movement of the handle to the extended position.

4 . The rotary power tool of claim 2, wherein the first bracket and the second bracket are

generally T-shaped.

5 . The rotary power tool of claim 1, wherein each of the upper and lower joints further

includes a guide disposed within the handle, the guide being slidable along the rod as the handle

moves between the extended position and the retracted position.



6 . The rotary power tool of claim 5, wherein the guide is a first guide, wherein each of the

upper and lower joints further includes a second guide, the second guide being slidable along the

rod as the handle moves between the extended position and the retracted position, and wherein

the first guide and the second guide are disposed on opposing sides of the rod.

7 . The rotary power tool of claim 5, wherein each of the upper and lower joints further

includes a sleeve at least partially surrounding the rod and disposed between the rod and the

guide.

8. The rotary power tool of claim 7, wherein the sleeve has a generally square cross-

sectional shape.

9 . The rotary power tool of claim 1, wherein the biasing member attenuates vibration

transmitted along the first axis.

10. The rotary power tool of claim 1, wherein the biasing member is a coil spring.

11. The rotary power tool of claim 4, wherein each of the upper and lower joints further

includes a bumper disposed between the guide and the handle, the bumper operable to attenuate

vibration transmitted along the second axis.

12. The rotary power tool of claim 5, wherein each of the upper and lower joints further

includes a first bumper disposed between the first guide and the handle and a second bumper

disposed between the second guide and the handle, the first bumper and the second bumper

operable to attenuate vibration transmitted along the second axis.

13. The rotary power tool of claim 1, wherein each of the upper and lower joints further

includes a gap above and/or below the rod to permit limited movement of the handle relative to

the body along a third axis, the third axis being orthogonal to both the first axis and the second

axis.



14. The rotary power tool of claim 13, wherein the biasing member attenuates vibration

transmitted along the third axis.

15. The rotary power tool of claim 13, further comprising an upper bellows surrounding at

least a portion of the upper joint and a lower bellows surrounding at least a portion of the lower

joint, wherein the upper bellows and the lower bellows attenuate vibration transmitted along the

third axis.

16. A rotary hammer adapted to impart axial impacts to a tool bit, the rotary hammer

comprising:

a motor;

a spindle coupled to the motor for receiving torque from the motor;

a piston at least partially received within the spindle for reciprocation therein;

a striker received within the spindle for reciprocation in response to reciprocation of the

piston;

an anvil received within the spindle and positioned between the striker and the tool bit,

the anvil imparting axial impacts to the tool bit in response to reciprocation of the striker;

a synchronizing assembly operable in a first configuration in which the motor is drivably

coupled to the piston for reciprocating the piston, and a second configuration in which the piston

is decoupled from the motor; and

an actuator operable for switching the synchronizing assembly from the second

configuration to the first configuration in response to depressing the tool bit against a workpiece.

17. The rotary hammer of claim 16, wherein the synchronizing assembly includes

a first clutch ring coupled to the motor for continuous rotation therewith when the motor

is activated, and

a second clutch ring which, during a transition phase from the second configuration of the

synchronizing assembly to the first configuration, is engaged with the first clutch ring for co-

rotation therewith and, in the second configuration of the synchronizing assembly, is

substantially disengaged from the first ring and non-rotatable with the first ring.



18. The rotary hammer of claim 17, wherein one of the first and second clutch rings includes

an exterior conical surface, wherein the other of the first and second clutch rings includes a

corresponding interior conical surface engaged with the exterior conical surface when the

synchronizing assembly is in the transition phase.

19. The rotary hammer of claim 17, wherein the second clutch ring is axially movable

relative to the first clutch ring when the synchronizing assembly is actuated between the first and

second configurations.

20. The rotary hammer of claim 17, further comprising:

a pinion coupled to an output shaft of the motor, the pinion and the motor output shaft

being coaxial with respect to a first axis; and

a gear meshed with the pinion for rotation about a second axis offset from the first axis,

wherein the first clutch ring is coupled to the gear for co-rotation therewith.

2 1. The rotary hammer of claim 20, wherein the first clutch ring is interference fit to the gear.

22. The rotary hammer of claim 17, further comprising:

a crank shaft including a hub and an eccentric pin coupled to the hub; and

a connecting rod interconnecting the piston and the eccentric pin.

23. The rotary hammer of claim 22, wherein the crank shaft receives torque from the first and

second clutch rings when the synchronizing assembly is in the first configuration.

24. The rotary hammer of claim 23, wherein the synchronizing assembly further includes a

shift sleeve coupled to the hub of the crank shaft for axial movement relative to the hub between

a first position coinciding with the first configuration of the synchronizing assembly, and a

second position coinciding with the second configuration of the synchronizing assembly.

25. The rotary hammer of claim 24, wherein the shift sleeve directly engages the first clutch

ring when in the first position to maintain the synchronizing assembly in the first configuration.



26. The rotary hammer of claim 25, wherein the synchronizing assembly further includes a

detent arrangement for maintaining the shift sleeve in at least one of the first and second

positions.

27. The rotary hammer of claim 26, wherein the synchronizing assembly further includes a

synchronizer hub coupled for co-rotation with the crank shaft hub, and wherein the shift sleeve is

positioned around the synchronizer hub.

28. The rotary hammer of claim 27, wherein the detent arrangement is supported by one of

the shift sleeve and the synchronizer hub.

29. The rotary hammer of claim 25, wherein the actuator interconnects the spindle and the

shift sleeve.

30. The rotary hammer of claim 29, wherein the spindle is axially movable from an extended

position to a retracted position in response to depressing the tool bit against the workpiece.

31. The rotary hammer of claim 30, wherein axial movement of the spindle from the

extended position to the retracted position causes the shift sleeve to move from the second

position to the first position.

32. The rotary hammer of claim 31, wherein the spindle is axially movable between the

extended and retracted positions along a first axis, and wherein the shift sleeve is axially

movable between the first and second positions along a second axis oriented substantially normal

to the first axis.

33 . The rotary hammer of claim 31, further comprising a housing in which the spindle and

the shift sleeve are at least partially received, wherein the actuator is pivotably coupled to the

housing.



34. The rotary hammer of claim 33, wherein the actuator includes a first arm coupled to the

spindle and a second arm coupled to the shift sleeve, and wherein the first and second arms share

a common pivot relative to the housing.

35 . The rotary hammer of claim 31, further comprising a biasing member for biasing the

spindle toward the extended position.

36. The rotary hammer of claim 24, wherein the second clutch ring is disengaged from the

first clutch ring when the shift sleeve is in the first position to maintain the synchronizing

assembly in the first configuration.
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