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() Variable torque driver tool.

@ A hand-squeeze driver tool which serves to con-
vert squeezing motion into rotary motion on a vari-
able torque basis, with the torque being inversely
related to the driving speed. The torque versus driv-
ing speed relationship is determined by the position
of a squeeze lever (41) as it is displaced from its
most extended position. Two distinct zones are pro-
vided as the squeeze lever is so displaced, namely a
high torque low speed zone, and a low torque high
speed zone. The provision of the high forque low
speed initial zone, followed by the low torque high
speed zone permits the operator intuitively to take
advantage of the variable torque feature of the inven-
tion, which is provided by a traveling fulcrum which
dwells at position F1 and F2 defined by sharp angles
in levers (41,53).
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VARIABLE TORQUE DRIVER TOOL

The invention relates to a squeeze tool of the
same general type as that disclosed in US-A-
4524650 (the earlier Patent), which is in the name
of the present inventor.

The squeeze tool described in the earlier pat-
ent, serves to convert squeezing motion into rotary
motion on a variable torque basis, and serves to
transmit the rotary motion to a screw, bolt, or other
fastener, which is being tightened or loosened. The
tool described in the earlier patent incorporates a
pull lever and a varying force transmitting lever
which operate in conujunction with a squeeze han-
dle to provide a traveling fulcrum, so that when the
squeeze handle is squeezed maximum torque and
minimum speed are generated at the beginning of
the stroke, and an increasing speed and a reducing
torque are realized for the remainder of the stroke.

As described in the earlier patent, the principal
objective of the squeeze too! is to overcome limita-
tions inherent in prior art tools, such s ratchet
wrenches. These limitations occur because the pri-
or art ratchet wrenches exert a uniform torque on
the bolt being turned, and, accordingly, when such
a ratchet wrench is designed to exert sufficient
torque initially to loosen a bolt, that torque contin-
ues when the bolt is being loosened and when it is
not needed. This means that the prior art ratchet
wrenches must be designed to incorporate more
handle motion than is actually required for a par-
ticular operation, and this is especially troublesome
when space and/or accessibility are limited. Unlike
the prior art ratchet wrench, the tool described -in
the earlier patent, as well as the tool of the present
invention, automatically match the available torque
with the torque required for a particular operation,
and this is achieved by varying the torque. The net
result is that a particular operation may be per-
formed with maximum speed and yet with a gen-
eration of the required torque.

The tool of the present invention, like the tool
described in the earlier patent, is intended to pro-
vide a capability which has been unavailable with
the previous manual, spiral ratchet, or motorized
drivers, as mentioned briefly above. Manual drivers
provide accurate control of a driving operation, but
they are limited in speed to that at which the
operator can rotate the tool. In addition, the wrist
twisting motion required by a manual driver can
become unnecessarily tiresome when used for light
to medium duty applications. Spiral ratchet drivers
provide poor control over the axial force applied to
a driven element, since the turning torque is en-
tirely dependent upon this axial force. As a result,
spiral ratchet drivers are especially limited in their
ability to remove threaded fasteners, and have
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limited power when the operator cannot place his
body directly behind the axis of the force applica-
tion.

Motorized drivers provide poor control of the
rotation speed and torque applied to the driven
element. The operator controls a switch, which in
turn controls a motor, which finally powers the
driven element. The user, accordingly, has little
direct control over the events occurring at the
driven element. In many instances, this lack of
"feel" by the operator causes damage to the driven
element and/or to its surroundings, especially in
medium and light duty applications. The addition of
a torque-limiting clutch in such a motorized tool is
only a partial solution to the problem since it can-
not account for the variables encountered in non-
production type operations. Finally, the motorized
tool is confined during use or storage by the need
to be attached to a power supply line or battery
charger.

Unlike the prior art tools described in the pre-
ceding paragraphs, the driver ool described in the
earlier patent and the driver tool of the present
invention allow for relatively high speed driving,
while the operator maintains direct control over the
axial force, torque, and turning rate applied to the
driven element. The operator's hand is limited both
in ultimate squeezing force and total possible
squeezing motion. Therefore, to use the power
created in the squeeze of the hand efficiently, the
mechanism of the tool described in the earlier
patent, and the tool of the present invention, allow
the operator to amplify either his squeezing force
or his squeezing motion. Through the action of
further components within the driver, this variable
force ampilification is translated into a variable
torque upon an output shaft. In this manner, the
tool described in the earlier patent and the tool of
the invention can accommodate a wide range of
different driving conditions, constrained only by the
total power available through the operator's hand.

A limitation of the tool described in the earlier
patent is that when the operator applies a squeeze
force, the fulcrum fravels evenly along its path of
travel to provide an even variation in the torque.

According to the invention, a hand-powered
variable torque driver tool comprising a body; a
drive shaft rotatably mounted in the body; a slider
movable along the drive shaft to produce rotational
motion of the drive shaft; and a drive mechanism

for the slider comprising first and second levers

respectively pivotally coupled to the body and to
the slider and positioned to contact one another at
a variable fulcrum as the first lever is pivotally
displaced about its pivot point whereby the effec-
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tive lever arm of the second lever is a function of
the angular displacement of the first lever; (as
disclosed in the earlier patent) is characterised in
that the levers are so shaped that, upon steady
angular pivotal displacement of the first lever, the
fulcrum dwells adjacent to a first position through-
out an initial displacement range of the first lever
and adjacent to second position which is spaced
from the first fulcrum position throughout a subse-
quent displacement range of the first lever, the
fulcrum moving comparatively rapidly between the
first and second positions.

The first and second fulcrum positions may be
such that a relfatively lower torque and higher rota-
tional velocity is applied to the shaft during the
initial range, and vice versa during the subsequent
range. However, it is more practical in a squeeze
powered screwdriving tool if a relatively higher
torque and lower rotational velocity is applied to
the shaft during the initial range, and vice versa
during the subsequent range.

In either case, a unique feature of the tool of
the present invention is that is provides two distinct
operating zones as the operating handle is
squeezed, so that during the one portion of the
squeeze stroke the torque generated by the drive
shaft is a maximum and the rotational velocity of
the drive shaft is a minimum, whereas during the
another portion of the squeeze stroke the torque is
a minimum and the velocity is a maximum. This
enables the operator intuitively to take advantage of
the variable torque feature of the invention, since
the provision of a high torque region and a low
torque region allows the operator to anticipate what
torque magnification will occur as the control han-
dle is squeezed. This is advantageous over a con-
tinuously varying torque where the torque capabil-
ity of the tool as the operating handle is squeezed
is less predictable.

The tool of the invention may be used to
remove or install threaded fasteners, such as
screws. It finds particular utility when a fastener
requires light-to-medium turning torques for the
major part of its travel in and out of a receiving
hole, with maximum torque requirements occurring
only during the initial loosening or final tightening
of the fastener. The operator uses the high torque
zone of the squeeze stroke only for initial loosening
or final tightening of the fastener; and the rest of
the driving operation is accomplished using the low
torque high speed zone of the squeeze stroke,
where a minimum of hand motion is required.
Through use of the tool of the invention the fore-
going operations become intuitive.

The tool of the present invention is also simpler
and less complex than the tool described in the
earlier patent, it may be manufactured more effi-
ciently and on a more economical basis, and it
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includes innovations which make it more functional.

The tool of the invention is preferably con-
structed for convenient and comforatable one-hand-
ed operation through the shape and contour of its
handles. It may be used as a conventional ratchet
driver in which the operator rotates the entire body
of the tool back and forth about its driving axis to
produce a net rotation of the driving tip and when
used in this manner, prolonged high torque driving
may be accomplished.

When using the tool of the invention, the oper-
ator's hands are not in the region of the driving axis
as they must be when using a conventional
screwdriver, and fasteners may therefore be driven
in corners, where the driving axis often closely
parallels a wall or other obstructions, when the tool
of the invention is used.

Standard one-quarter inch hexagonal shaft
driven bits may be used with the tool of the inven-
tion, providing the largest possible variety of avail-
able bits and accessories. Because the tool re-
quires no motor or batteries, it is light weight,
which facilitates its use and storage.

The tool of the invention finds utility in various
applications, including the removal and installation
of panels and fixtures in automobile, electronic and
telecommunication apparatus, aircraft, spacecraft,
industrial equipment, cabinets and doors. More-
over, the tool of the invention may conveniently be
used in the disassembly or re-assembly of fur-
niture, in the installation of plumbing hose clamps,
and for general household use.

The driver tool of the invention provides an
intimate control of the driving operations, since it is
hand powered rather than motor powered, and this
minimizes the occurrence of damage to fasteners
and/or assemblies in which they are used. The tool
of the invention is entirely portable, both in use and
in storage, since it requires no power supply line or
batteries. The tool is particularly advantageous, as
mentioned above, in that it may be inexpensively
produced by conventional mass production means.
Moreover, it has a pleasing overall configuration
and appearance.

In accompanying drawings:-

FIGURE 1 is a side elevation of the squeeze
driver tool of the present invention in one of its
embodiments, with a screwdriver bit mounted at
one end of the tool, and with the squeeze lever and
other components of the tool in their extended
positions;

FIGURE 2 is a side elevation of the squeeze
driver tool of FIGURE 1, with the squeeze lever
shown (a) in its extended position, (b) in an inter-
mediate position, and (c) in its retracted position;

FIGURE 3 is a side elevation of the tool of
FIGURE 1 with one side of the housing removed to
reveal the internal components of the tool;
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FIGURE 4 is a top view of the tool of FIG-
URE 1, showing a direction controller for the
screwdriver bit;

FIGURE 5 is a bottom view of the tool of
FIGURE 1;

FIGURE 6 is a side elevation of a return
spring assembly which is included in the tool, the
assembly being shown in its extended position;

FIGURE 7 is a side elevation of the return
spring assembly of FIGURE 8, shown in its con-
tracted position;

FIGURE 8 is a top view of the return spring
assembly of FIGURE 6 shown in its extended posi-
tion; and,

FIGURE 9 is a top view of a pivot member
which is included in the tool.

The driver tool of the invention includes a two-
part molded plastic housing 10, of which one-half
has been removed in FIGURE 3. The two halves of
the housing 10 are positioned relative to one an-
other by tongue-and-grooves 12, and are joined
together by screws received in holes 13. The as-
sembled housing includes an octagonal forward
section 11 which may be inserted into accessories
to prevent them from rotating relative to the hous-
ing.

A double spiral-cut torque transmitting shaft 14
(FIGURE 3) is attached to a bit retaining tip 15. The
tip and shaft assembly is rotatably mounted in a
front bearing 20 and in a rear bearing 21 in a
tubular section 10D of the body. The forward end
of tip 15 is hollow to form a cavity which receives a
screwdriver bit 16. The tip cavity and bit each has
a hexangonal cross-section. This standard format
permits the tip to receive a wide variety of standard
bits. The tip cavity contains a spring which serves
to hold the bit 16 in place by frictional engagement.

A slider 19, which may be similar to the operat-
ing mechanism of a conventional spiral ratchet
screwdriver, is mounted on shaft 14 for movement
along the length of the shaft. The slider 19 is
moved along the shaft by the action of a squeeze
lever 41, as will be explained, and the slider is so
moved from a first position on shaft 14 correspond-
ing to the squeeze lever 41 in position A (FIGURES
2 and 3), to a second position on the shaft cor-
responding to the squeeze lever in position C.

A conventional directional controller 17
{(FIGURES 3 and 4) is provided on slider 19 to
cause the shaft 14 to turn in one direction or the
other when the slider is drawn along the shaft from
ifs first {o its second position towards the rear end
of housing 10. Spiral shaft 14 has two parallel
helical grooves cut in each direction for a total of
four helical grooves, as typically contained in the
conventional spiral ratchet screwdriver.

A return spring assembly including a spring 67
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(FIGURES 1, 3, 6, 7 and 8) is provided to return
the slider to its first position and to return squeeze
lever 41 to position A.

Squeeze lever 41 may be formed from sheet
steel. The squeeze lever is fitted with a molded
vinyl cover 43 over its side and forward exterior
surfaces, and with a low friction material 42 along
its forward interior surface. The squeeze lever is
pivotally coupled to housing 10 at its upper end by
a pin 81. A curved lever 53 is pivotally connected
at its upper end fo slider 19, and at its lower end to
a pivot member 62 of a shape shown in FIGURE 9.
Lever 53 is also connected to return spring 67.
Lever 53 may also be formed by sheet steel.

Squeeze lever 41, curved lever 53, and the
lower pivot member 62 act together to provide a
variable force on slider 19 by the creation of a
traveling fulcrum, which will be described. This
variable force is in turn converted into a variable
torque by the conventional action of slider 19 on
shaft 14. The fulcrum is the tangency or contact
point between squeeze lever 41 and curved lever
53, which is encircled in FIGURE 3 for position A
and for position C.

The torque profile describes the position of the
tangency point, or fulcrum, between levers 41 and
53 as a function of the position of squeeze lever
41, The torque profile is determined by the position
and radii of the bends in levers 41 and 53. In the
illustrated embodiment, two relatively large sharp
bends are present in the contact region of the two
levers, one F1 being towards the upper end of
lever 41 and the other F2 being at the lower center
of lever 53. These bends are present at the encir-
cled tangency points shown in FIGURE 3 for lever
positions A and C. Between and illustrated contact
regions, the levers have a relatively large contact
radii which, in the case of squeeze lever 41, is
infinite.

The result of the geometry described above is
the contact between levers 41 and 53 occurs in the
upper region for positions A through B of the
squeeze lever 41 in FIGURE 2 to provide the
distinct high torque low speed zone; while contact
between the levers occurs in the lower region for
positions B through C of the squeeze lever 41 to
provide the distinct low torque high speed zone.
The contact point, or fulcrum, tiravels between
these two regions in the vicinity of position B of the
squeeze lever 41. Squeeze lever 41 has a maxi-
mum leverage during the first zone between posi-
tions A and B of the squeeze lever when the
fulcrum point is in the upper region, and the
squeeze lever has minimum leverage during the
second zone between positions B and C of the
squeeze lever when the fulcrum point is in the
lower region. In any of these positions of the
squeeze lever, this leverage is translated into an
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axial force with respect to shaft 14 at the top of
curved lever 53.

Between positions A and B of squeeze lever
41, where the combined action of the squeeze
lever and curved lever 53 provided the maximum
axial force to slider 19, the motion imparted to the
slider is relatively minor. The major portion of the
travel of the slider 19 along shaft 14 occurs be-
tween positions B and C of the squeeze lever. The
general movement of squeeze lever 14 is greater
than that of slider 19 for positions A through B
while the converse is true for positions B through
C.

In practice, the two distinct different leverage
zones translate into two torque regions. The torque
available at tip 15 is maximum and rotational speed
of the tip is a minimum between positions A and B
of squeeze lever 41, while the torque is @ minimum
and rotational speed of tip 15 is a maximum for
positions B through C of the squeeze lever, for a
particular force and angular velocity of the squeeze
lever.

The rear end of pivot arm 62 rotates within
bushings 22 in the handle portion of body 10, and
the forward end of the pivot arm rotates within a
bent tab at the lower end of curved lever 53. The
actual configuration of pivot arm 62 of shown in
FIGURE 9. The upper end of curved lever 53 has
inwardly facing tabs 52 (FIGURE 3) which rotate
within bushing 32 mounted in either side of slider
19.

The location of pin 61 relative to squeeze lever
41 is such that the squeeze lever engages curved
lever 53 by a sliding and rolling contact between
squeeze lever positions A and B illustrated in FIG-
URE 2. However, between positions B.and C, the
two levers engage one another by a largely rolling
contact, with minimal sliding.

To prevent excessive friction as slider 19 is
drawn in the rearward direction along shaft 14 to
cause the shaft to rotate, the forces imparted upon
the slider by curved lever 53 are essentially axial to
the shaft, with minimal upward or downward com-
ponents. The length and relative position of pivot
arm 62 and return spring assembly 23, 63 and 67,
are such that the action of these components upon
curved lever 53 counteract the non-axial forces
imparted to the curved lever by squeeze lever 41.
The single bend at the upper end of squeeze lever
41 also serves to minimize non-axial forces. This
cancellation of non-axial forces occurs for virtually
any position of and force exerted upon lever 41,
where the non-axial forces consist of an upward or
downward force on slider 19.

The performance of the return spring assembly
23, 63 and 67 has significant effect upon the use-
fulness of the tool of the invention. When properly
designed, the return spring assembly functions with
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other components of the tool to prevent friction
through the cancellation of the non-axial forces,
explained above. In addition, the return spring as-
sembly is constructed to provide a maximum refurn
bias when it is extended in position A of the
squeeze lever, while this return bias decreases or
remains constant as the squeeze lever is moved
towards position C.

As shown in FIGURES 6 and 7, F(a) is greater
than or at least equal to F(c) in the illustrated
assembly. This is achieved by the torsion spring
configuration of the return spring 67. When mini-
mum torque is present at tip 15, the force required
to contract squeeze lever 41 from position A to
position C is essentially constant even as the lever
arm available through lever 53 to return bias lever
41 varies. In practice, such an assembly allows a
reliable return to the fully extended position, while
excessive force is not required to achieve the re-
tracted position, in which the ability of squeeze
lever 41 to counteract the return spring action is at
its lowest.

To operate the illustrated embodiment of the
invention, the operator normally grasps the down-
wardly extending grip handle portion 10A of body
10, such that his thumb rests horizontally in the
concave region 10C at the upper end of the grip
handle. His hand then wraps around the grip han-
dle with his fingers around the squeeze lever 41.
The index finger rests above the forward facing
protrusion in vinyl cover 43 of the squeeze lever,
while the remaining fingers are positioned below
the protrusion. With the hand so positioned, the
weight of the tool is comfortably supported by the
flange 10B at the upper portion of the grip handle
while the forward and backward tilt of the tool is
controlled by the fingers positioned about the pro-
trusion in vinyl cover 43.

As squeeze lever 41 is squeezed, it is drawn
toward the grip handle 10A, and the movement of
the squeeze lever is transmitted through the curved
lever 53 to slider 19, against the force of return
spring 67 and against the rotating load on tip 15.
The return spring biases the curved lever 53 to-
wards its extended position allowing the curved
lever to act upon squeeze lever 41 and slider 19 to
return these to the extended position, shown by
position A in FIGURES 2 and 3. As slider 19 is
pulled toward the rear of the torque transmitting
shaft 14, the shaft is caused to rotate in one
direction or the other, depending upon the setting
of direction controiler 17. Slider 19 returns to its
original position without any rotation of shaft 14
when squeeze lever 41 is released, because of the
action of the conventional internal components of
slider 19.

The two distinct fulcrum regions, as encircled
in FIGURE 3 and as explained above, are provided
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to facilitate control during operation of the tool. The
operator typically uses positions A through B of
squeeze lever 41, which correspond to the upper
fulcrum region and hence to the high torqueilow
driving speed zone of the squeeze stroke, for loos-
ening or tightening threaded fasteners. He then
uses positions B through C of squeeze lever 41,
which correspond to the lower fulcrum region and
hence to the low torqueshigh speed zone of the
squeeze stroke, for driving the fastener once it has
been loosened or until it is tightened.

Limiting the torque profile to fwo distinct basic
zones, namely, the high torque low speed zone
and the !ow torque high speed zone, permits the
operator to anticipate what force, or forque, mag-
nification will occur as squeeze lever 41 is
squeezed. A continuousty varying torque profile,
which would be provided by eliminating the sharp
bends in levers 41 and 53, wouid cause the change
in torgque capability to be less predictable as lever
41 is squeezed, and hence wound cause the tool to
be less useful.

The invention provides, therefore, a driving tool
which is typically used rotatably to drive threaded
fasteners into and out of appropriate receiving
holes. The tool of the invention is fully portable,
both in storage and in use, since it requires no
electrical or power source other than the operator's
own hand. Moreover, when used for light-to-me-
dium duty applications, the tool provides driving
speeds comparable with many motorized drivers,
while enabling precise control of the fastener or
other driven device. Such precise control is possi-
ble with the tool of the invention through "torque
fesdback”, wherein by a reaction to his squeezing
effort, the operator instantly feels the effect of the
torque being supplied to the driven fastener. More-
over, to accommodate the limited force and travel
available in the squeeze of a hand, the tool of the
invention is constructed to amplify within its internal
components, either the force of the squeeze or the
speed of the squeezing motion, through a varying
lever arm mechanism.

The illustrated embodiment of the invention has
been optimized conceptually and empirically, and it
is intended {o be asthetically pleasing and to pro-
vide efficient operation during actual use, while at
the same time representing a simple design spe-
cifically intended for large-scale production using
common mass production techniques.

Claims

1. A hand-powered variable torque driver tool
comprising a body (10); a drive shaft (14) rotatably
mounted in the body; a slider (19) movable along
the drive shaft to produce rotational motion of the
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drive shaft; and a drive mechanism for the slider
comprising first and second levers (41,53) respec-
tively pivotally coupled to the body and to the
slider and positioned to contact one ancther at a
variable fulcrum as the first lever is pivotally dis-
placed about its pivot point whereby the effective
lever arm of the second lever is a function of the
angular displacement of the first lever; characteris-
ed in that the levers (41,53) are so shaped that,
upon steady angular pivotal displacement of the
first lever, the fulcrum dwells adjacent to a first
position (F1) throughout an initial displacement
range of the first lever and adjacent to second
position (F2) which is spaced from the first fulcrum
position (F1) throughout a subsequent displace-
ment range of the first lever, the fulcrum moving
comparatively rapidly between the first and second
positions.

2. A tool according to claim 1, wherein the
second lever (53) is pivoted to the body at its end
remote from the slider (19) and the first fulcrum
position (F1) is closer than the second fulcrum
position (F2) to the pivotal coupling (52) between
the second lever (53) and the slider (19) to provide
a relatively higher torque and lower rotational ve-
locity to the shaft during the initial range and a
relatively lower torque and higher velocity of the
drive shaft during the subsequent range.

3. A tool according to claim 1 or claim 2, in
which the fulcrum positions (F1,F2) are defined by
relatively sharp bends in the levers (41,53).

4. A tool according to any one of the preceding
claims, in which the body (10) has a tubular section
(10D) housing the drive shaft (14) and an extending
grip handle section (10A); the first lever (41) is an
elongate squeeze lever pivotally coupled at one
end to the tubular section of the body and extend-
ing alongside the grip handle section (10A); the
drive shaft is helically-channeled with a drive mem-
ber (15) coaxially mounted at one end of the drive
shaft and extending through an opening at one end
of the tubular section of the body; and the second
lever (53) is an elongate curved lever.

5. A tool according to claim 4, which includes a
return spring assembly (23,63,67) including a tor-
sion spring (67) attached to the curved lever (53)
and to the grip handle section (10A) adjacent to the
distal ends thereof to provide maximum bias force
when the curved lever is displaced from the grip
handle section at its maximum angular displace-
ment, and to provide decreased bias forces for
other angular displacements of the curved lever.

6. A tool according to claim 5, in which the
curved lever (53) is configured and arranged so
that force applied to the slider (19) by the curved
lever occurs essentially coaxially of the drive shaft
(14) for all positions of the slider, the non-coaxial
forces imparted to the curved lever (53) by the
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squeeze lever (41) being substantially completely
counteracted by equal and opposite non-coaxial
forces imparted to the curved lever by the pivot
member (62) and the return spring assembly
(23,62,67) both in the presence and in the absence
of a torsion load on the drive shatt.

7. A tool according to any one of claims 4 to 6,
in which the drive member (15) is configured to
accept standard hexagonal driver bits.
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