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DISPLAY ASSEMBLIES HAVING INTEGRATED DISPLAY COVERS AND LIGHT
PIPES AND HANDHELD POWER TOOLS AND METHODS INCLUDING SAME

Field of the Invention

[001] The present invention relates to handheld power tools and, more particularly,

to handheld power tools having electronic displays and indicator lights.

Background of the Invention

[002] A handheld power tool may include an electronic display device (e.g., a liquid

crystal display (LCD) or an organic light emitting diode (OLED) display) and one or more

separate indicator lights (e.g., LEDs) to serve as a human-machine interface. LCD and

OLED display devices are often manufactured with a plate of glass used as the main

structural element holding the LCD/OLED circuitry. The glass can easily break or crack if

subjected to mechanical abuse. Therefore, a clear protective lens is often used as a guard for

the LCD/OLED display device. This protective lens is often fixed to the tool's housing,

usually supported on top of a ledge or lip, so that the protective lens can resist forces applied

to the housing. Capture features and/or adhesive are typically used to prevent the protective

lens from falling out of the tool.

[003] Many tools that include LCD/OLED display devices also employ LEDs as

part of the human-machine interface. To address packaging challenges in confined spaces of

the tool, light pipes are often used to transmit light from LEDs mounted on a circuit board

located inside the tool housing. This can be a cost-effective solution for delivering control

signal lighting to a human-machine interface, as the LEDs do not require individual

mechanical mounting and electrical connections.

Summary of the Invention

[004] According to embodiments of the present invention, a handheld power tool

includes a housing, a display device mounted on the housing, at least one light source

mounted in the housing, and an integral, light transmissive lens member. The lens member

includes a cover portion covering the display device to protect the display device from the

environment, and a light pipe portion positioned and configured to transmit light emitted



from the at least one light source to a location on the handheld power tool visible exteriorly

of the housing.

[005] According to some embodiments, the lens member is a monolithic member.

[006] According to some embodiments, the lens member includes a lens mounting

feature to mechanically couple the lens member to the housing. In some embodiments, the

housing includes a housing mounting feature that interlocks with the lens mounting feature to

mechanically couple the lens member in the housing.

[007] In some embodiments, the at least one light source includes a light emitting

diode (LED).

[008] The display device may include at least one of an organic light emitting diode

(OLED) display and a liquid crystal display (LCD) having a display screen. The display

screen is viewable through the cover portion.

[009] According to some embodiments, the at least one light source includes a

plurality of light sources mounted in the housing, and the lens member includes a plurality of

light pipe portions each positioned and configured to transmit light emitted from a respective

one of the plurality of light sources to a respective one of a plurality of locations on the

handheld power tool visible exteriorly of the housing. In some embodiments, the plurality of

light pipe portions collectively define a light pipe array having a first width, the cover portion

has a second width, the lens member includes a connector portion extending between and

connecting the cover portion and the light pipe array, and the connector portion has a third

width that is less than each of the first and second widths.

[0010] In some embodiments, the housing defines a display opening having a housing

beveled edge portion, and the cover portion has a lens beveled edge portion complementary

to and seated against the housing beveled edge portion.

[0011] According to embodiments of the present invention, an integral, light

transmissive lens member is provided for use in a handheld power tool. The integral lens

member includes a cover portion and a light pipe portion. The cover portion is configured to

cover a display device of the handheld power tool to protect the display device from the

environment. The light pipe portion is configured to transmit light emitted from a light

source of the handheld power tool to a location on the handheld power tool visible exteriorly

of the handheld power tool.

[0012] In some embodiments, the lens member is a monolithic member, and includes:

a lens mounting feature to mechanically couple the lens member to a housing of the handheld

power tool; and a plurality of light pipe portions each configured to transmit light from a



respective one of a plurality of light sources of the handheld power tool to a respective one of

a plurality of locations on the handheld power tool visible exteriorly of the handheld power

tool.

[0013] According to some embodiments, the lens member is provided in combination

with a display device and a light source, wherein: the cover portion covers the display device

to protect the display device from the environment; and the light pipe portion is positioned

adjacent the light source to transmit light emitted from the light source.

[0014] According to the embodiments of the present invention, a method for forming

a handheld power tool includes: providing a housing; mounting a display device on the

housing; mounting at least one light source in the housing; and mounting an integral lens

member including a cover portion and a light pipe portion on the housing. The lens member

is mounted on the housing such that: the cover portion covers the display device to protect the

display device from the environment; and the light pipe portion is positioned to transmit light

emitted from the at least one light source to a location on the handheld power tool visible

exteriorly of the housing.

[0015] The method may include unitarily molding the lens member. In some

embodiments, the method includes unitarily injection molding the lens member.

[0016] According to some embodiments, the lens member includes a lens mounting

feature, the housing includes a housing mounting feature, and mounting the integral lens

member on the housing includes interlocking the housing mounting feature with the lens

mounting feature to mechanically couple the lens member in the housing.

[0017] According to some embodiments, the at least one light source includes a light

emitting diode (LED), and the display device includes at least one of an organic light emitting

diode (OLED) display and a liquid crystal display (LCD) having a display screen. The

display screen is viewable through the cover portion.

[0018] In some embodiments, the lens member includes a plurality of light pipe

portions, and mounting the integral lens member on the housing includes positioning each of

the plurality of light pipe portions to transmit light emitted from a respective one of the

plurality of light sources to a respective one of a plurality of locations on the handheld power

tool visible exteriorly of the housing. According to some embodiments, the plurality of light

pipe portions collectively define a light pipe array having a first width, the cover portion has

a second width, the lens member includes a connector portion extending between and

connecting the cover portion and the light pipe array, and the connector portion has a third

width that is less than each of the first and second widths.



[0019] In some embodiments, the housing defines a display opening having a housing

beveled edge portion, the cover portion has a lens beveled edge portion complementary to the

housing beveled edge portion, and mounting the integral lens member on the housing

includes seating the lens beveled edge portion against the housing beveled edge portion.

[0020] The foregoing and other objects and aspects of the present invention are

explained in detail in the specification set forth below.

[0021] It is noted that aspects of the invention described with respect to one

embodiment, may be incorporated in a different embodiment although not specifically

described relative thereto. That is, all embodiments and/or features of any embodiment can

be combined in any way and/or combination. Applicant reserves the right to change any

originally filed claim or file any new claim accordingly, including the right to be able to

amend any originally filed claim to depend from and/or incorporate any feature of any other

claim although not originally claimed in that manner. These and other objects and/or aspects

of the present invention are explained in detail in the specification set forth below.

Brief Description of the Drawings

[0022] Figure 1 is a perspective view of a handheld power tool according to

embodiments of the present invention from a rear side of the handheld power tool.

[0023] Figure 2 is an exploded, perspective view of the handheld power tool of

Figure 1 from the rear side of the handheld power tool.

[0024] Figure 3 is an exploded, front perspective view of a display module according

to embodiments of the present invention forming a part of the handheld power tool of Figure

1.

[0025] Figure 4 is an exploded, rear perspective view of the display module of

Figure 3 .

[0026] Figure 5 is a front perspective view of the display module of Figure 3 with a

display housing of the display module removed for the purpose of explanation.

[0027] Figure 6 is a cross-sectional view of the display module of Figure 3 taken

along the line 6-6 of Figure 1.

[0028] Figure 7 is an enlarged view of the detail A of Figure 6 .

[0029] Figure 8 is a front perspective view of an integral lens member according to

embodiments of the present invention forming a part of the display module of Figure 3 .

[0030] Figure 9 is a rear perspective view of the integral lens member of Figure 8.

[0031] Figure 10 is a rear plan view of the integral lens member of Figure 8 .



[0032] Figure 11 is a cross-sectional view of the integral lens member of Figure 8

taken along the line 11-11 of Figure 10.

Detailed Description of the Embodiments of the Invention

[0033] The present invention now will be described more fully hereinafter with

reference to the accompanying drawings, in which illustrative embodiments of the invention

are shown. In the drawings, the relative sizes of regions or features may be exaggerated for

clarity. This invention may, however, be embodied in many different forms and should not

be construed as limited to the embodiments set forth herein; rather, these embodiments are

provided so that this disclosure will be thorough and complete, and will fully convey the

scope of the invention to those skilled in the art.

[0034] It will be understood that when an element is referred to as being "coupled" or

"connected" to another element, it can be directly coupled or connected to the other element

or intervening elements may also be present. In contrast, when an element is referred to as

being "directly coupled" or "directly connected" to another element, there are no intervening

elements present, Like numbers refer to like elements throughout. As used herein the term

"and/or" includes any and all combinations of one or more of the associated listed items.

[0035] In addition, spatially relative terms, such as "under", "below", "lower", "over",

"upper" and the like, may be used herein for ease of description to describe one element or

feature's relationship to another element(s) or feature(s) as illustrated in the figures. It will be

understood that the spatially relative terms are intended to encompass different orientations of

the device in use or operation in addition to the orientation depicted in the figures. For

example, if the device in the figures is turned over, elements described as "under" or

"beneath" other elements or features would then be oriented "over" the other elements or

features. Thus, the exemplary term "under" can encompass both an orientation of over and

under. The device may be otherwise oriented (rotated 90 degrees or at other orientations) and

the spatially relative descriptors used herein interpreted accordingly.

[0036] The terminology used herein is for the purpose of describing particular

embodiments only and is not intended to be limiting of the invention. As used herein, the

singular forms "a", "an" and "the" are intended to include the plural forms as well, unless the

context clearly indicates otherwise. It will be further understood that the terms "comprises"

and/or "comprising," when used in this specification, specify the presence of stated features,

integers, steps, operations, elements, and/or components, but do not preclude the presence or



addition of one or more other features, integers, steps, operations, elements, components,

and/or groups thereof.

[0037] Unless otherwise defined, all terms (including technical and scientific terms)

used herein have the same meaning as commonly understood by one of ordinary skill in the

art to which this invention belongs. It will be further understood that terms, such as those

defined in commonly used dictionaries, should be interpreted as having a meaning that is

consistent with their meaning in the context of the relevant art and this specification and will

not be interpreted in an idealized or overly formal sense unless expressly so defined herein.

[0038] The term "cordless" power tool refers to power tools that do not require plug-

in, hard wired electrical connections to an external power source to operate. Rather, the

cordless power tools have electric motors that are powered by on-board batteries, such as

rechargeable batteries. A range of batteries may fit a range of cordless tools. Different

cordless power tools may have a variety of electrical current demand profiles that operate

more efficiently with batteries providing a suitable range of voltages and current capacities.

The different cordless (e.g., battery powered) power tools can include, for example, drills,

screwdrivers, ratchets, nutrunners, impacts and the like.

[0039] Embodiments of the invention may be particularly suitable for precision

power tool that can be used for applications where more exact control of the applied output is

desired.

[0040] "Light pipe" refers to a transparent or translucent material that transmits light

from one end to another.

[0041] As used herein, "monolithic" means an object that is a single, unitary piece

formed or composed of a material without joints or seams.

[0042] With reference to Figures 1-11, a handheld power tool 10 according to

embodiments of the present invention is shown therein. The power tool 10 may be any

suitable type of handheld power tool and, according to some embodiments, is an electrically

powered handheld power tool. According to some embodiments, the power tool 10 is a

battery powered cordless power tool.

[0043] Turning to the power tool 10 in more detail and with reference to Figures 1

and 2, the power tool 10 includes a protective housing assembly 20, a drive motor assembly

30, a tool output shaft or drive head 40, a battery pack 50, a control system 60, and a display

assembly or module 100. The display module 100 includes a human-machine interface

(HMI) 90. The display module 100 further includes an integral, light transmissive lens

member 150 according to embodiments of the present invention.



[0044] The housing assembly 20 includes a housing 21 having an upper or main body

portion 28 and a pistol grip or handle 26 depending therefrom. The housing 21 can be

formed by a left shell member 22 and a right shell member 24, which define an enclosed

cavity 29 (Figure 2) therebetween. The housing assembly 20 further includes a rear cover or

protective display housing 110, which also forms a part of the display module 100, as

discussed hereinbelow.

[0045] The drive motor assembly 30 and the battery pack 50 are contained in or

attached to the housing 21. The battery pack 50 may be releasably mounted on the lower end

of the handle 26. The construction and operation of drive motor assemblies and battery packs

in handheld power tools are well known to those of skill in the art and will not be discussed

in detail herein. The drive motor assembly 30 may include an electric motor arranged and

configured (directly or via a gearcase, linkage or gear assembly) to selectively drive (e.g.,

rotate) the drive head 40 using power supplied from the battery pack 50.

[0046] The control system 60 may be in whole or in part contained in and/or attached

to the housing 21. Control systems for handheld power tools are well known to those of skill

in the art and therefore will not be described herein in detail. The exemplary control system

60 as illustrated includes a display printed circuit board (PCB) assembly 70 (Figure 3), a

power PCB (not shown), a control PCB 64 (Figure 2), and a trigger switch 66 including a

trigger member 68. The control system 60 may be configured to enable an operator to

activate and deactivate the drive motor assembly 30 to drive the drive head 40. The control

system 60 may also receive input from the operator and output information to the operator via

the HMI 90.

[0047] With reference to Figures 3 and 4, the display module 100 includes the

display housing 110, the display PCB assembly 70, a keypad/subframe member 120, and the

integral lens member 150. The components 110, 70, 120, 150 may be coupled to one another

by fasteners 5A to form a unitary module 100. The module 100 may in turn be secured to the

housing 21 with fastener holes 23 by fasteners 5B (Figure 2).

[0048] The display housing 110 includes a body 112 defining an interior cavity 113

(Figure 4), a display opening 114, fastener holes 112A, threaded bosses 112B (Figure 4),

indicator light openings 116A, 116B, 116C, and button holes 118A, 118B. A beveled

outwardly facing edge portion 114A circumscribes the display opening 114. A cutout or side

oriented slot 114B is defined in the lower periphery of the display opening 114. An upper

portion 112C of the display housing 110 in the region of the indicator light openings 116A-C

may be rounded as shown. A locator feature or rib 115 (Figure 4) extends rearwardly from



the body 112 into the cavity 113. Integral securing or latch features 119 (Figure 7) are

located inside the body 112 adjacent respective ones of the indicator light openings 116A-C.

[0049] With reference to Figure 4, the display PCB assembly 70 includes a printed

circuit board (PCB) 71. The PCB 71 includes a rigid or semi-rigid circuit board substrate 72

having a suitable electrical circuit 74 thereon. Fastener holes 72A, fastener cutouts or slots

72B, and alignment holes 72C are defined in the substrate 72. An electrical connector 76A

(Figure 3) is mounted on the front of the PCB 71. Flex circuits attached to suitable

manufacturing structures may optionally be used (not shown).

[0050] A plurality of keypad switches 78 (Figure 3) are mounted on the PCB 71.

The keypad switches 78 may be, for example, snap dome switches. The keypad switches 78

may be operatively connected to the circuit 74.

[0051] With reference to Figure 3, light sources 80A, 80B and 80C are mounted on

the PCB 71 adjacent the upper end thereof and a light source 80D is mounted on the mid¬

section of the PCB 71. According to some embodiments, the light sources 80A-D are light

emitting diodes (LEDs). In some embodiments, two or more of the light sources 80A-D emit

different colors of light from one another. The light sources 80A-D may be operably

connected to the circuit 74.

[0052] The display PCB assembly 100 further includes an electronic display device

82. The display device 82 can include a ribbon cable 82B terminated by a connector 82A,

and a display screen 83 (Figure 3), The display screen 83 has a display zone or area 83A

where indicia 84 can be dynamically displayed. According to some embodiments, the

display area 83A is at least ten times as great as the light emission area of each of the light

sources 80A-D. The display device 82 may be any electronic display device of any suitable

type and construction. According to some embodiments, the display device 82 is a liquid

crystal display (LCD). According to some embodiments, the display device 82 is an organic

light emitting diode (OLED). According to some embodiments, the display device 82

includes a substantially rigid, breakable, light transmissive substrate (e.g., a glass panel or

plate) extending across the display area 83A.

[0053] With reference to Figure 4, the keypad/subframe member 120 is mounted on

the circuit board substrate 72 and interposed between the circuit board substrate 72 and the

display housing 110. The keypad/subframe member 120 includes body 122, a stabilizer

feature or tab 122A, rearwardly extending alignment posts 124, retention features 126

(Figure 3), and keypad features or buttons 132 (Figure 3). A light pipe aperture 128 is

defined in the body 122. The retention features 126 define a slot or seat 126A.



[0054] The keypad/subframe member 120 may be monolithic and the portions and

features 122, 122A, 124, 126, 128 and 132 may be unitarily molded or otherwise formed such

that they form a unitary structure. According to some embodiments, the keypad/subframe

member 120 is formed of an elastomeric material such as silicone. Inserts 133 (Figure 4)

may be provided in the buttons 132 to provide the buttons with enhanced rigidity. In other

embodiments, the features of the keypad/subframe member 120 may be distributed among

two or more discrete members (e.g., a keypad member having the buttons and a subframe

member having the retention features).

[0055] With reference to Figures 8-11, the integral lens member 150 includes a cover

portion 152, a connector portion 156, a lower light pipe portion 160, and a plurality of upper

light pipe portions 170A, 170B, 170C. The light pipe portions 170A-C collectively form a

light pipe array 171. The sections 152, 156, 160, and 170A-C are integral with one another

to form a unitary integral lens member 150. According to some embodiments, the lens

member 150 (including the sections 152, 156, 160 and 170A-C) is monolithic.

[0056] According to some embodiments, the lens member 150 is unitarily formed.

According to some embodiments, the lens member 150 is unitarily molded. In some

embodiments, the lens member 150 is unitarily injection molded. According to some

embodiments, the lens member 150 is unitarily cast.

[0057] The lens member 150 may be formed of any suitable material(s) or

compositions(s). According to some embodiments, the entirety of the lens member 150 is

formed of the same material or composition. The cover portion 152 and the light pipe

portions 160, 170A-C are formed at least in part by a transparent or translucent material.

According to some embodiments, each of the cover portion 152, the connector portion 156,

the lower light pipe portion 160, and the upper light pipe portions 170A-C is transparent or

translucent. According to some embodiments, the lens member 150 is formed of a polymeric

material. According to some embodiments, the lens member 150 is formed of polycarbonate.

The material of the lens member 150 is rigid or semi-rigid at room temperature and,

according to some embodiments, has a Young's Modulus of at least about 2.0 GPa and,

according to some embodiments, between about 2.0 GPa and 2.8 GPa.

[0058] Still referring to Figures 8-11, the cover portion 152 has a front face 154A

and a rear face 154B. A rearwardly beveled perimeter edge portion 154C circumscribes the

cover portion 152 and is complementary to the beveled edge portion 114A (Figure 3).

[0059] According to some embodiments, the thickness D (Figure 11) of the cover

portion 152 is substantially uniform (except in the beveled edge portion 154C). According to



some embodiments, the cover portion 152 has a thickness D in the range of from about 2 mm

to about 4 mm. According to some embodiments, the height E and width F (Figure 10) of

the cover portion 152 are each in the range of from about 10 mm to about 30 mm.

[0060] The lower light pipe portion 160 includes a front section 162 contiguous and

coplanar with the cover portion 152. The front section 162 has a front face 162A and a lower

lip portion 162B. An elongate extension section 164 extends rearwardly from the front

section 162 and terminates at a rear end face 164A. The lower light pipe portion 160 forms a

light pipe or optical conduit extending from the face 164A to the face 162A.

[0061] The upper light pipe portions 170A-C are connected to the cover portion 152

by the connector portion 156, which extends from a lower end 156A to an upper end 156B

merged with the cover portion 152 and the light pipe array 171, respectively. According to

some embodiments, at least a midsection 156C of the connector portion 156 is narrower than

both the cover portion 156 and the light pipe array. According to some embodiments and as

shown, the connector portion 156 is located rearwardly of the front face 154A and the

beveled edge portion 154C.

[0062] Each of the upper light pipe portions 170A-C includes a conduit section 172

terminating in an input face 174 (rearwardly facing) and an opposing output face 176

(forwardly facing). Each of the light pipe portions 170A-C includes a mounting portion 173

on its front end and a groove 178A extending from the rear end of the conduit section 172 to

the mounting portion 173. The mounting portion 173 and the groove 178A define a latch

feature 178B at their interface.

[0063] According to some embodiments, the length N (Figure 11) of each light pipe

portion 170A-D is in the range of from about 8 mm to about 1 mm. According to some

embodiments, the nominal lateral cross-sectional area (i.e., width V x height U ; Figure 10) of

each of the light pipe portions 170A-D is in the range of from about 10 mm2 to about 20

mm2.

[0064] According to some embodiments, the length P (Figure 11) of the connector

portion 156 is in the range of from about 8 mm to about 12 mm.

[0065] According to some embodiments and with reference to Figure 10, the width Q

of the connector portion 156 is less than both the width R of the light pipe array 171 and the

width F of the cover portion 152. According to some embodiments, the widths R and F are

each at least twice the width Q.

[0066] The construction of the display module 100 will be further appreciated from

the following description of methods according to embodiments of the invention for



assembling the display module 100. It will be understood that various of the steps described

herein may be modified and/or executed in a different order.

[0067] Referring to Figures 3-6, the keypad/subframe member 120 is mounted on the

front side of the circuit board substrate 72 such that the alignment posts 124 seat in the

alignment holes 72C. The display device 82 is mounted in the seat 126A such that the

display device 82 is held in place by the retention features 126. The display device connector

82A is engaged with the PCB connector 76 before or after installing the display device 82 in

the seat 126A.

[0068] With reference to Figure 6, the integral lens member 150 is mounted in the

display housing 110 by inserting the light pipe array 171 and the connector portion 156

through the display opening 114 in a direction G from front to rear, directing the light pipe

array 171 upwardly (in a direction H), and then inserting or pushing the mounting portions

173 (Figure 8) into respective ones of the indicator light openings 116A-C (in a direction I)

until the latch features 119 interlock with the latch features 178B (Figure 7). The cover

portion 152 is seated in the display opening 114 such that the beveled edge portions 114A,

154C mate and the extension section 164 of the lower light pipe portion 160 extends through

the opening 128 in the keypad/subframe member 120. The connector portion 156 extends

behind the display housing 110. The light pipe portions 170A-C and 164 are then located

adjacent their respective associated light sources 80A-D while the cover portion 152 covers

or overlies the display screen 83.

[0069] According to some embodiments, the components of the display module 100

are relatively configured such that, when the lens member 150 is fully installed in the display

housing 110, the connector portion 156 is slightly elastically deflected from its released ( i.e.,

unloaded) position and therefore loads the cover portion 152 against the display housing 110

(more particularly, loads the beveled edge portion 154C against the beveled edge portion

114A). In this way, the cover portion 152 can be firmly seated.

[0070] According to some embodiments, the lens member 150 is secured to the

display housing 110 by the mechanical coupling features 119, 173, 178B without use of

additional supplemental securing devices such as fasteners or adhesive.

[0071] The subassembly of the combined display housing 110 and lens member 150

is placed over the combined display PCB assembly 70 and keypad/subframe member 120 and

secured thereto by fasteners A inserted through the holes 7 A and the threaded bosses 112B

(Figure 4) to form the fully assembled display module 100. The locator rib 115 (Figure 4)



may bear against the stabilizer tab 122A (Figure 4) to limit axial displacement of the

keypad/subframe member 120.

[0072] The display module 100 is in turn secured to the housing 21 by fasteners 5B

inserted through the holes 112A and openings 23 (Figure 2) in the shell members 22, 24.

[0073] In the assembled display module 100, the input faces 174, 164 (Figure 9) of

the light pipes 170A, 170B, 170C and 160 are positioned adjacent the light sources 80A,

80B, 80C and 80D, respectively. According to some embodiments and as shown in Figure

7, the input faces 174 of the upper light pipe portions 170A-C (light pipe portion 170B

shown) are spaced apart from their associated light sources 80A-C (light source 80B shown)

a distance K. In some embodiments, the distance K is at least about 0.5 mm and, according

to some embodiments, is in the range of from about 0.5 mm to about 3 mm. According to

some embodiments, the input face 164A of the lower light pipe portion 164 is spaced apart

from the light source 80D a distance L (Figure 6) of at least about 0.5 mm and, according to

some embodiments, is in the range of from about 0.5 mm to about 5 mm.

[0074] The output faces 176, 162A may be substantially flush with the outer surface

of the display housing 110. More particularly, the profiles of the output faces 176 may

conform to the profile of the rounded corner 112C.

[0075] The rear face 154B of the cover portion 152 is spaced apart from the front of

the display screen 83 a distance M (Figure 7). According to some embodiments, the distance

M is at least about 0.5 mm and, according to some embodiments, is in the range of from

about 0.5 mm to about 5 mm.

[0076] In use, the HMI 90 (Figure 1) can be used in known or any suitable manner

by the operator to input commands to the control system 60 and/or to display data from the

control system 60 to the operator. In particular, data can be displayed as indicia 84 on the

display screen 83 and viewable by the operator through the cover portion 152, and the

indicator light sources 80A-D can be activated and deactivated (de-illuminated). The light 86

emitted from the light sources 80A, 80B and 80C (Figure 5) is transmitted through the light

pipe portions 170A, 170B and 170C, respectively, and emitted to the operator through the

output faces 176, (i.e., the light from the light sources 80A-D is thereby externally visible or

visible exteriorly of the housing 21). For example, the light sources 80A, 80B and 80C may

be red, yellow, and green LEDs that are selectively illuminated to indicate a status of the tool

such as {green LED 80A = correct torque applied}, {yellow LED 80B = undertorqued}, {red

LED 80C = overtorqued}, and {blue LED 80D = tool maintenance required}.



[0077] The buttons 132 can be manipulated to input commands via the keypad switch

assembly 78.

[0078] Integral lens members {e.g., the integral lens member 150), display modules

(e.g., the display module 100), and methods according to embodiments of the present

invention can provide a number of advantages. By combining the light pipes for the light

sources 80A-D with the cover portion 152 for the display screen 83 in a single molded part,

assembly of the display module 100 can be greatly simplified while also providing a

compact, cost effective HMI 90 in a housing that can withstand mechanical abuse or harsh

operating environments.

[0079] The mounting features 119, 173, 178B can provide a convenient and effective

mechanism for mechanically coupling the lens member 150 and the display housing 110. A

robust coupling can be provided without requiring additional fasteners, adhesive or the like.

However, in accordance with some embodiments, fasteners or adhesive may be used in

addition to the mechanical coupling features.

[0080] The gap provided between the cover portion 152 and the display screen 83 can

prevent the cover portion 152 from striking the display screen 83 when deflected by an

impact. The cooperating beveled edge portions 114A, 154C serve to more widely distribute

such forces.

[0081] The foregoing is illustrative of the present invention and is not to be construed

as limiting thereof. Although a few exemplary embodiments of this invention have been

described, those skilled in the art will readily appreciate that many modifications are possible

in the exemplary embodiments without materially departing from the novel teachings and

advantages of this invention. Accordingly, all such modifications are intended to be included

within the scope of this invention. Therefore, it is to be understood that the foregoing is

illustrative of the present invention and is not to be construed as limited to the specific

embodiments disclosed, and that modifications to the disclosed embodiments, as well as other

embodiments, are intended to be included within the scope of the invention,



THAT WHICH IS CLAIMED IS:

A handheld power tool comprising:

a housing;

a display device mounted on the housing;

at least one light source mounted in the housing; and

an integral, light transmissive lens member including:

a cover portion covering the display device to protect the display

device from the environment; and

a light pipe portion positioned and configured to transmit light emitted

from the at least one light source to a location on the handheld power tool

visible exteriorly of the housing.

The handheld power tool of Claim 1 wherein the lens member is a monolithic

3. The handheld power tool of Claim 1 wherein the lens member includes a lens

mounting feature to mechanically couple the lens member to the housing.

4. The handheld power tool of Claim 3 wherein the housing includes a housing

mounting feature that interlocks with the lens mounting feature to mechanically couple the

lens member in the housing.

5. The handheld power tool of Claim 1wherein the at least one light source

includes a light emitting diode (LED).

6. The handheld power tool of Claim 1wherein the display device includes at

least one of an organic light emitting diode (OLED) display and a liquid crystal display

(LCD) having a display screen, and the display screen is viewable through the cover portion.

7. The handheld power tool of Claim 1 wherein:

the at least one light source includes a plurality of light sources mounted in the

housing; and



the lens member includes a plurality of light pipe portions each positioned and

configured to transmit light emitted from a respective one of the plurality of light

sources to a respective one of a plurality of locations on the handheld power tool

visible exteriorly of the housing.

8. The handheld power tool of Claim 7 wherein:

the plurality of light pipe portions collectively define a light pipe array having

a first width;

the cover portion has a second width;

the lens member includes a connector portion extending between and

connecting the cover portion and the light pipe array; and

the connector portion has a third width that is less than each of the first and

second widths.

9 . The handheld power tool of Claim 1 wherein:

the housing defines a display opening having a housing beveled edge portion;

and

the cover portion has a lens beveled edge portion complementary to and seated

against the housing beveled edge portion.

10. An integral, light transmissive lens member for use in a handheld power tool,

the integral lens member including:

a cover portion configured to cover the display device to protect a display of

the handheld power tool device from the environment; and

a light pipe portion configured to transmit light emitted from a light source of

the handheld power tool to a location on the handheld power tool visible exteriorly of

the handheld power tool.

11. The lens member of Claim 10 wherein the lens member is a monolithic

member and includes:

a lens mounting feature to mechanically couple the lens member to a housing

of the handheld power tool; and

a plurality of light pipe portions each configured to transmit light from a

respective one of a plurality of light sources of the handheld power tool to a



respective one of a plurality of locations on the handheld power tool visible exteriorly

of the handheld power tool.

1 . The lens member of Claim 11 in combination with a display device and a light

source, wherein:

the cover portion covers the display device to protect the display device from

the environment; and

the light pipe portion is positioned adjacent the light source to transmit light

emitted from the light source.

13. A method for forming a handheld power tool, the method comprising:

providing a housing;

mounting a display device on the housing;

mounting at least one light source in the housing; and

mounting an integral, light transmissive lens member including a cover

portion and a light pipe portion on the housing such that:

the cover portion covers the display device to protect the display

device from the environment; and

the light pipe portion is positioned to transmit light emitted from the at

least one light source to a location on the handheld power tool visible

exteriorly of the housing.

14. The method of Claim 13 including unitarily molding the lens member.

15. The method of Claim 1 including unitarily injection molding the lens

member.

16. The method of Claim 13 wherein:

the lens member includes a lens mounting feature;

the housing includes a housing mounting feature; and

mounting the integral lens member on the housing includes interlocking the

housing mounting feature with the lens mounting feature to mechanically couple the

lens member in the housing.



17. The method of Claim 13 wherein:

the at least one light source includes a light emitting diode (LED); and

the display device includes at least one of an organic light emitting diode

(OLED) display and a liquid crystal display (LCD) having a display screen, and the

display screen is viewable through the cover portion.

18. The method of Claim 3 wherein:

the lens member includes a plurality of light pipe portions; and

mounting the integral lens member on the housing includes positioning each

of the plurality of light pipe portions to transmit light emitted from a respective one of

the plurality of light sources to a respective one of a plurality of locations on the

handheld power tool visible exteriorly of the housing.

19. The method of Claim 18 wherein:

the plurality of light pipe portions collectively define a light pipe array having

a first width;

the cover portion has a second width;

the lens member includes a connector portion extending between and

connecting the cover portion and the light pipe array; and

the connector portion has a third width that is less than each of the first and

second widths.

20. The method of Claim 13 wherein:

the housing defines a display opening having a housing beveled edge portion;

the cover portion has a lens beveled edge portion complementary to the

housing beveled edge portion; and

mounting the integral lens member on the housing includes seating the lens

beveled edge portion against the housing beveled edge portion.
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