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(57) Abréegée/Abstract:
A hand tool with a mechanical linear drive mechanism coupled to a linear activated working implement. The drive mechanism
Includes a roller screw that includes a torque tube connected to a roller screw's nut body. The roller screw includes a fixed outer
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(57) Abrege(suite)/Abstract(continued):

race, a rotating set of grooved rollers axially aligned inside the outer race, a cylindrical nut body located inside the set of grooved
roller, a plurality of inner rollers axially aligned and inside the nut body, a threaded shaft axially aligned and inside the inner rollers,
and a torque tube axially aligned Inside the Iinner rollers. The torque tube Is connected at one end to a multiple speed gear box
which Includes a primary motor coupled to a earner gear with three planet gears. Disposed around the planet gears Is a ring gear.
Coupled to the ring gear Iis a secondary motor which when activated causes the ring gear to rotate in the opposite direction of the

planet gears. At least one sensor measures the rotation of an elastomeric ring and control activation of the secondary motor to
change the operational speed of the tool.
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(57) Abstract: A hand tool with a mechanical linear drive mechanism coupled to a linear activated working implement. The drive
mechanism includes a roller screw that includes a torque tube connected to a roller screw's nut body. The roller screw includes a

fixed outer race, a rotating set of g

rooved rollers axially aligned inside the outer race, a cylindrical nut body located inside the set of
grooved roller, a plurality of mner rollers axially aligned and inside the nut body, a threaded shaftt axially aligned and inside the m -

ner rollers, and a torque tube axially aligned inside the mner rollers. The torque tube 1s connected at one end to a multiple speed gear
box which includes a primary motor coupled to a earner gear with three planet gears. Disposed around the planet gears 1s a ring gear.
Coupled to the ring gear 1s a secondary motor which when activated causes the ring gear to rotate in the opposite direction of the
planet gears. At least one sensor measures the rotation of an elastomeric ring and control activation of the secondary motor to change
the operational speed of the tool.
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TITLE: TOOL WITH LINEAR DRIVE MECHANISM, DUAL SPEED

- GEARBOX AND ELASTOMERIC CONTROL SYSTEM

TECHNICAL FIELD

This invention relates to linear drive mechanisms, and more particularly to

linear drive mechanism that are portable and compact.

BACKGROUND ART

Portable hand tools are commonly used by emergency personnel to bend,
spread or cut metal pieces to free drivers and passengers from their vehicles after
accidents. The working implements on these hand tools are actuated by a linear
mechanism coupled to a hydraulic cylinder. The hydraulic cylinder 1s coupled to a
gas or electricity powered hydraulic pump.

One drawback with power hand tools that use hydraulic pumps is the
hydraulic pump’s periodic inspection and maintenance requirements. Another
drawback 1s the tool’s housing 1s elongated to accommodate the hydraulic pump, the
linear mechanism and the working implement.

During use, the load exerted on the working implement on the hand tool
varies. With hand tools that use hydraulic cylinders, check valves and by-pass valves
are used to control the hydraulic pressure exerted on the work implement.

What is needed is a portable hand tool with an electric, non-hydraulic linear
drive mechanism coupled to a working implement. What 1s also needed 1s a portable
hand tool with a lightweight efficient multiple speed gearbox that may be used with a

digital or mechanical control mechanism.
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DISCLOSURE OF THE INVENTION

It 1s an object of the present invention to provide a portable hand tool
lightweight, compact linear drive mechanism that uses a roller screw as a mechanical
linear drive mechanism coupled to the tool’s working implement.

The linear drive mechanism includes a roller screw threaded shaft with an
external nut and rollers mounted over axially aligned threaded shaft Iongitudinélly
aligned 1nside the tool’s elongated body. In one embodiment, the proximal end of the
threaded shaft 1s coupled to a multiple speed gearbox that -is coupled to a primary
electric motor that can be operated in both forward and reverse directions at an
optimal RPM.

The linear drive mechanism is located between the gear box and the working
implement. It is includes a nut body fixed axially inside the tool’s outer housing so as
the nut body 1s rotated, the threaded shaft moves axially inside the tool’s outer
housing. The linear drive mechanism includes a planetary roller screw that uses a
torque tube connected to a roller screw’s nut body. The planetary roller screw
includes a fixed outer race, a rotating set of grooved rollers axially aligned inside the
outer race, a cylindrical nut body located inside the set of grooved roller, a plurality of

threaded inner rollers axially aligned and inside the nut body, a threaded shaft axially

~ aligned and 1nside the mner rollers, and a torque tube fixed to the nut body. The nut

body operates as an inner race for the grooved inner rollers. The torque tube is
connected at one end to the gear box coupled to an electric motor. When electric
motor 18 activated, the torque tube 1s rotated which causes a threaded shaft in the tool
to move axially inside the tool. A working implement 1s coupled to the distal end of
the threaded shaft.

Mounted distally inside the elongated body and adjacent to the distal end of
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the roller nut is a tool implement coupler that attaches to the tool implement that
extends from tool’s distal end. The tool implement may include two pivoting cutting
jaws, two pivoting spreader jaws, or a ram batr.

Attached to the drive tube is a variable ratio gearbox coupled to a primary
electric motor. The gear box responds to an increase in output torque by
automatically increasing it’s effective speed reduction (gear ratio). The result of this
i1s that for an input shaft speed, as the output torque of the gearbox increases it’s
output shaft speed decreases. This effect can conserve the total power required for the
system drive motor even though the total output forque is increasing.

This effect is important and valuable in applications where limited amount of
input power (motor size) is used to drive a system at high output speed when low
levels of output work are required and low output speed when high levels of output
work are required.

In one embodiment, the drive shaft of the primary motor 1s connected to
pinion gear that extends longitudinally. Surrounding the pinion gear 1s a coaxially
carrier ring with three equal size planet gears mounted thereon. The planet gears
include teeth that mesh with exterior teeth on the pinion gear. Surrounding the carrier
ring is a coaxially aligned outer ring gear with inner teeth that also mesh with teeth on
the planet gears. The outer ring gear is fixed relative to the pinion gears so that the
carrier ring and the pinion gears rotate inside the outer ring gear. The gear ratio of the
drive shaft of the primary electric motor and the pinion gear is approximately 1:5. The
gear ratio of the pinion gear to the planet gears is approximately 1:5. The gear ratio of
the planet gears and the outer ring gear is also approximately 1:5.

Coupled to the ring gear is a secondary motor which when activated causes the

ring gear to rotate in a direction opposite of the planet gears thereby counteracting the
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1:5 ratio mecﬁanical advantage of the planet gears.

Coupled to the gear box is a torque adjustment and sensing system that
measures the load exerted on the work implement. When the load on the work
implement reaches a predetermined amount, the secondary motor is activated which
causes the ring gear to rotate thereby reducing the gear ratio from the primary electric
motor to the drive tube. The output speed of the tool 1s decreases and the tool’s
torque increases.

In the embodiment shown herein, the torque adjustment and sensing system 1is
an inner ring with a plurality of elastic spacers which resist compression. When
excess force 1s exerted on the work implement, radial forces are exerted on 1n the
inner ring causing the elastic spacers to compress. When excessive forces are exerted
on the work implement, ' the inner ring rotates and friggers sensors which activate the
secondary electric motor to automatically reduce the tool’s specd and increase the
torque.

An important component of the invention 1s that the internal surface of the
cylindrical extension element has a profile or cam shape. As the internal surface
rotates progressively along with all the other components in response to the
deformation of the elastomeric support elements, the cam shape applies the ring gear
brake elements.

Attached to the tool may be a rechargeable battery to energize the primary and

secondary electric motors.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side elevational view of a second embodiment of a tool with two

cutting jaws and a geared planetary roller screw used as a linear drive mechanism.
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Fig. 2 is a sectional side elevational view of the tool shown in Fig. 1.

Fig. 3 1s an enlarged, partial sectional side elevational view of the geared
planetary roller screw located inside the tool shown in Figs. 1 and 2.

Fig. 4 is an end sectional view taken along line 4-4 in Fig. 2.

Fig. 5 1s an end sectional view taken along line 5-5 in Fig. 2.

Fig. 6 is an end sectional view taken along line 6-6 in Fig. 2.

Fig. 7 is an end sectional view taken along line 7-7 in Fig. 2.

Fig. 8 is an end sectional view taken along line 8-8 in Fig. 2.

Fig. 9 is an exploded view of the dowel pin, the outer race, the grooved roller
located inside the outer race, the snap ring, the nut body located inside the grooved
roller, the inner threaded roller, ring gear, the wiper seal, and the threaded shatft.

Fig. 10 is a side elevational view of a tool with two spreader jaws

Fig. 11 is a side elevation view of the tool shown ih Fig. 10 with the front
section of the outer housing removed to show the linkage arms coupled to the
spreader arms.

Fig. 12 is a side elevational view of a tool with a ram bar extending
longitudinally from the front section.

Fig. 13 is a perspective view of the tool with a multiple speed gearbox and
elastomeric control mechanism.

Fig. 14 is a sectional side elevational view of the tool shown in Fig. 13.

Fig. 15 is a sectional side elevational view of the multiple speed gearbox and
the elastomeric control mechanism.

Fig. 1‘6 is another exploded view of the multiple speed gearbox and the

elastomeric control mechanism.

Fig. 17 is an rear end elevational view of the tool taken along line 17-17 in
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Fig. 15 showing the outer housing showing the inner ring, a plurality of elastomeric
members located in slots formed on the ring, the ring gear disposed inside the inner
ring, the three planef gears attached to a carrier ring and located inside the ring gear
and the pinion gear attached to the primary electric motor’s drive shaft.

Fig. 18 1s an end sectional view taken along line 18-18 in Fig. ‘ 15.

Fig. 19 1s an end sectional view taken along line 19-19 in Fig. 15.

Fig. 20 is an end sectional view taken along line 20-20 in Fig. 15.

BEST MODE FOR CARRYING OUT THE INVENTION

Figs. 1-9 show a tool 200 with lightweight linear drive mechanism that uses an
electric motor assembly 205 coupléd to a multiple stage, self-regulating gear box 220.
Coupled to the gear box 220 is a geared planetary roller screw 250 that 1s i place of
the roller screw assembly described above. The geared planetary roller sofew 250 1s
similar to the roller screw shown in U.S. Patent No. 2,683,379 (Strandgren) which is
now incorporated herein. o

The geared planetary roller screw 250 includes a fixed cylindrical, fixed outer
race 260 axially aligned inside the tool’s outer housing 210. The outer race 260
includes a plurality of internal, non-helical grooves 264. A dowel pin 268 is inserted
in between the outer housing 210 and the outer race 260 to hold the outer race 260
inside the tool 200. A set screw 270 1s used to retain the dowel pin 268 1n the outer
housing 210.

Located adjacent inside the outer race 260 is a plurality of outer grooved
roliers 275. Formed on each end of the outer grooved rollers 275 are axially aligned

axles 278 that engage bores formed on two spacer rings 280 coaxially aligned inside

~ the outer housing 210. Each grooved roller 275 includes a plurality of non-helical
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grooves 282 configured to mesh with the non-helical orooves 264 formed on the outer
race 260. During operation, the set of grooved rollers 275 and two spacer rings 280
rotate inside the outer housing 210.

Located adjacent and inside the grooved rollers 275 is a cylindrical nut body
288 configured to rotate inside the outer housing 210. The nut body 288 includes a
plurality of external non-helical threads 290 that mesh with the non- helical grooves
282 on the grooved rollers 275. The nut body 288 acts as an inner race for the outer
aroove rollers 275. The nut body 288 also includes a plurality of internal helical
threads 292. The non-helical threads 290 on the external surface of the nut body 288
allow the nut body 288 to rotated but prevent the nut body 288 from moving axially
inside the outer housing 210.

Located adjacent and inside the nut body 288 is a plurality of axially aligned
inner rollers 300. Each inner roller 300 includes external helical threads 304 that
mesh with the internal helical threads 292 on the inside surface of the nut body 288.
Each inner roller 300 includes at its opposite ends a set gear teeth 306 that engage two
ring gears 310 aligned transversely inside the outer housing 210. Formed on the two
ring gears 310 are a plurality of external teeth that mesh with the gear teeth 306 on
opposite ends of the inner rollers 300. During operation the mner rollers 300
individually rotate on their longitudinally axis and rotate around a threaded shaft 310
that extends coaxially and inside the outer housing 210.

The threaded shaft 310 includes a plurality of helical external threads 314 that
extend substantially the entire length and mesh with the helical threads 304 on the
inner rollers 300. In the embodiment shown herein, the threaded shaft 310 1s
approximately twice as long as the inner rollers 300. The threaded shaft 310 1s hollow

with a proximal end and a distal end. Attached to the distal end is a combination end
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Disposed inside the outer housing 210 is a torque tube 330 that includes a
narrow cylindrical hollow neck 334 and a wide cylindrical body 338. The neck 334 1s
configured to surround the rear portion of the threaded shaft 310 that éxtends
rearward from the inner rollers 300. The wide body 38 is configured to extend
outward and partially extend around the exterior surface of the nut body 28 8;

Formed the inside surface of the wide body 328 and the adjacent surface of the nut
body 288 is keyway. A complementary key 340 is inserted into the two keyways to
affix the torque tube 330 to the nut body 288. Formed on the proximal end of the
torque tube 330 are one or more receiving bores that'receive pegs 222 that extend
Jongitudinally inward from the gear box 220.

During operation, the electric motor 210 is activated which causes the pegs
222 on the gear box 220 to rotate. The rotation of the pegs 222 on the gear box 220
causes the torque tube 330 to rotate which causes the nut body 238 to rotate. Because
the grooved rollers pl‘e\}ent the nut body 288 from moving longitudinally inside the
outer housing 210, the inner rollers 300 rotate which engage the threads 304 on the
threaded shaft 310 causing the threaded shaft 310to move longitudinally inside the
outer housing 210.

Figs. 1 and 2 show the tool implement 350 with two cutting jaws 360, 380
extending from the distal end of the outer housing 210. The two cutting jaws 360, 380
include cutting blade edges 360, 386 and middle sections 365, 385, respectively,
rotatingly coupled together by a rigid front pin 390. The rear section 361, 381 of each
jaws 360, 380, respectively, is pivotally connected to a linkage arm 350, 353,
respectively. The rear end of each linkage arm 350, 355 is connected to a combination

end cap/clevis 320 (shown in Fig. 4) which is connected to the end cap 320. During
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use, the thread shaft moves axially inside the outer housing 210 causing the rear
sections of the two jaws 360, 380 to move towards or away from the front pin 390 and
thereby opening and closing the jaws 360, 380.

Figs 10 and 11 are side elevational views of a tool implement 400 with two
spreader jaws 410, 420 that extend from the distal end of the tool housing. The
spreader jaws 410, 420 are connected to linkage arms 350, 355 and operate 1n a
manner that enables the spreader arms 410, 420 to open and close.

Fig. 12 is a side elevational view of a tool implement 500 with a ram bar 510
extending longitudinally from the distal end of the tool housing. The ram bar 510 1s
connected directly to the distal end of the end cap 320 or to the threaded shatt 310.
Attached to the drive tube is a multiple speed, self-adjusting gearbox coupled to a
primary electric motor.

The drive shaft of the primary motor 43 is connected to an input pinion gear
45that extends longitudinally. Surrounding the input pinion gear 45 is a coaxial
carrier ring 60 with three equal size planet gears 61 mounted thereon. Each planet
gear 61 includes teeth 62 that mesh with exterior teeth 460n the input pinion gear 45.
Surrounding the carrier ring 60is a coaxially aligned outer ring gear 50 with iner
teeth 51 that also mesh with teeth62 on the planet gears 61. The outer ring gear 50 1s
fixed relative to the plant gears 45 so that the carrier ring 60 and the pinion gear
61rotate inside the outer ring gear 50. The gear ratio of the pinion gear 45 on the
primary motor 43 and the outer pinion gear 45 is approximately 5.5;1.

Coupled to the ring gear 50 is a secondary motor 44which when activated
causes the ring gear 50 to rotate in a direction opposite of the planet gears 61thereby
counteracting the 5.5:1 ratio mechanical advantages of the planet gears 61.

The gear box 40 is designed to respond to an increase in output torque by
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automatically increasing 1t’s effective speed reduction (gear ratio). The result of this
1s that for a givén input shaft speed, as the output torque of the gearbox 40 increases
it’s output shaft speed decreases. This effect can be used to conserve the total amount
of power required for the primary motor 43even though the total output torque is
significantly increasing. This effect is particularly important and valuable in
applications where a limited amount of input power (motor size) needs to drive a
Sys‘;em at high output speed when low levels of output work are required and low
output speed when high levels of output work are required.

The output torque of the gearbox drives pins 222 shown in Fig 3 which in turn
prQVides the necessary input torque to the roller screw assembly also shown 1n Fig 3.
This roller-screw system converts the output torque from the gearbox into the force
used by the tool to operate it’s blades or spreading elements 380, 410, respectively.

Referring to Figure 16, the input power is provided by primary motor 43

which supplies input torque to the ge‘arbox 40via the input pinion gear 45. The

‘gearbox 40 shown here is a four stage planetary or epi-cyclic gearbox where the ring

gears 70, 72 for stages two, three and four are eftectively stationary from a system
gear ratio standpoint. The ring gear for stage one, 53, 1s controlled and either held
fixed by an internal brake assembly 80 or driven by secondary motor 44.

When ring gear 50, 1s fixed and not allowed to rotate, the overall speed
reduction of the gearbox 40 is maximized and the output speed (rotation rate of drive
pins 222 1n Fig 3) of the gearbox 40 is minimized. When the internal brake holding
ring gear 50 1s released and secondary motor 44 is energized such that ring gear 50 is
rotated, then the effective speed reduction (gear ratio) of the first stage of the gearbox
401s reduced thereby decreasing the overall speed reduction of the entire gearbox 40.

Thé third and fourth stage ring gear 70 is supported radially and axially by the
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gearbox housing 82 but is free to rotate within the gearbox housing 82. It is supported
in the circumierential direction (rotationally) by a series of elastomeric elements 89
which progressively deform as the output torque of the system increases. The
deformation of these elastomeric supports 89 results in the progressive rotation of the
third and fourth stage ring gears 70, the second stage ring gear 72 and support 85 and
38 and cylindrical extension element 88. Cylindrical extension element 88 has a
control profile 95 incorporated into it’s outside diameter. The rotation of these
elements in response to the output torque of the gearbox provides the control feedback
for the system thus écting as a torque sensing system. In the current embodiment,
the progressive rotation of control profile 91 relative to the stationary external
gearbox housing 82 1s used to open or close the control switch 94 for the primary
motor 44,

The internal surface of the cylindrical extension element 88 also includes a
profile or cam shape and as that surface rotates progressively along with all the other
components 1n response to the deformation of the elastomeric support elements 89,
that cam shape applies the ring gear brake elements 80 (also seen in Figure 20).

More specifically, coupled to the gear box 40is a torque adjustment system
that measures the load exerted on the work implement. When the load on the work
implement reaches a predetermined amount, the secondary motor 44is activated
which causes the ring gear 50 to rotate thereby reducing the gear ratio from the
primary motor 43to the outpOut drive pins 222. The output speed of the tool
decreases as the tool’s torque increases. .

In the embodiment shown herein, the torque adjustment system is an inner
ring 97with a plurality of elastic spacers 89 which resist compression. When excess

force 1s exerted on the work implement 380, 410, tangential forces are exerted on in
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5 the inner ring 97 causing the elastic spacers 89 to compress. When excessive forces
are exerted on the work implemént 380, 410, the inner ring 97rotates and triggers
sensors 94which activate the secondary motor 44 to automatically reduce the tool’s
speed and increase the torque.
In compliance with the statute, the invention described has been described in
10  language more or less speciﬁc on structural features. It should be understood,
however, that the invention is not limited to the specific features shown, since the
means and construction shown comprises the preferred embodiments for putting the
invention into effect. The invention is therefore claimed in its forms or modifications
within the legitimate and valid scope of the amended claims, appropriately interpreted

15 under the doctrine of equivalents.

INDUSTRIAL APPLICABILITY
This invention may be used in industries that use with hand tools with a
working implement that is linearly activated. More particularly, this invention will
20 used in industries that use hand fools with linear activated working implemeﬁts that
sense the amount of torque exerted on the working implement and automatically

adjusts its operational speed.

25
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CLAIMS
We claim:
1. A linear drive mechanism for a compact lightweight tool with a linear actuated

working implement, comprising:

d.

b.

a tool housing;

a roller screw disposed inside said tool housing and configured to
convert rotary motion from an electric motor to linear movement;

a Working implement linked to said linear movement of said roller
SCrew;

a primary motor with a pinion gear;

a multiple speed, self-adjusting gearbox disposed between said primary
motor and said roller screw, said multiple speed gearbox includes a
carrier ring coaxially aligned with said pinion, said carrier ring
includes three inner planet gears that mesh with said pinion gear, said
gearbox also includes an outer ring gear that meshes with said inner
planetary gears;

a secondary motor coupled to said outer ring gear that causes said outer
ring gear to rotate in a direction opposite said planet gears;

a torque sensor coupled to said secondary motor causing activation of
said secondary motor when excessive load is exerted on said working
implement; and,

an electricity source connected to said primary motor and said

secondary motor.

2. The linear drive mechanism as recited in Claim 1, wherein the torque sensor is
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5 aninner ring with a plurality of slots each filled with an elastomeric pad that resist
rotational movement of said inner ring, said inner ring coupled to sensors that activate

the secondary motor when the inner ring 1s rotated a desired amount.
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FIG. 13
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