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’ delivering torque. The driveshaft and foreshaft are coupled
by a pivotable shaft coupling made from a simple and
Related U.S. Application Data rugged slotted ball with wristpin in mating socket. Surpris-
ingly simple, the pivotable shaft coupling may be assembled
(63) Continuation-in-part of application No. 11/272,839, by merely dropping the foreshaft onto the driveshaft in place

filed on Nov. 13, 2005, now abandoned.
Continuation-in-part of application No. 11/712,820,
filed on Mar. 1, 2007, now abandoned.

in the housing. Such ratchet tools may be pneumatic or
electric. A preferred embodiment is an air-powered bendable
head ratchet wrench.
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BENDABLE-HEAD POWER RATCHET TOOL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and is a con-
tinuation-in-part of U.S. patent application Ser. No. 11/712,
820, filed 1 Mar. 2007, which claims the benefit under 35
U.S.C. 35 U.S.C. §120 of U.S. patent application Ser. No.
11/272,839, filed 13 Nov. 2005. The full disclosures of said
priority documents hereby are incorporated by reference for
use herein in their entireties.

BACKGROUND TO THE PROBLEM

[0002] Ratchet-action wrenches, also termed “nutdrivers”
or “socket wrenches”, have many uses for skilled mechan-
ics, who maintain a collection of these tools for their work.
These hand-held tools typically are used with interchange-
able “socket bits” available in various sizes and shapes. The
conventional tool is well known in the mechanic’s arts and
consists of a source of rotary force, a prior art means to
convert that force into ratcheted, pawl-, pinion gear- or
cogwheel-driven rotation of the socket bit, a shaft joining the
ratchet means and the motor means, and a handle to control
the position of the tool. An on/off switch, control lever, or
variable power switch is typically mounted on the handle. A
means to reverse the direction of rotation of the socket bit is
typically provided on the ratchet head, as may be a variable
clutch. The most common such tools are driven by an air
motor and typically contain planetary reduction gears for
delivery of higher torque. The torque achieved is dependent
on the air or power consumption, the reduction ratio of the
gearing, and the efficiency of the head mechanism. Electri-
cally powered ratchet tools are also commonly available.

[0003] Ratchet-action power tools are provided with a
wide variety of english and metric socket bits for various
members or fasteners, including pipe wrenches, ring clamp
wrenches, and fittings to remove oil filters, as well as the
more commonly recognized socket bits for removing and
assembling nuts, bolts, splines and screws. Ratchet screw-
drivers are also commonly available.

[0004] Among the challenges faced by mechanics are
access to such nuts, bolts and screws, collectively termed
members or fasteners, as are in tight or awkward spaces and
at angles where a socket wrench won’t line up on the head
of the fastener, such as on the bell housing of a transmission
on a vehicle undercarriage. At times it is necessary that the
tool wrap around a difficult angle in order for the socket bit
to be mounted squarely on the head of the fastener so as to
safely apply torque without damage to the head of the nut,
bolt, fastener, or other fitting, and without slipping.

[0005] Headspace clearance for the socket tool head is
also a problem. Although a “wobbly” socket bit adaptor or
a “universal joint” socket bit adaptor, can be useful in
accessing hard to reach bolts or nuts, these compound bits
require about two to three times more head clearance than a
standard socket bit, limiting their use to special situations.
Furthermore, they cannot be reliably used to manually
torque a fitting.

[0006] A power ratchet wrench is sometimes used manu-
ally. After tightening a bolt or nut to the limit of torque that
the power motor can apply, the power is turned off and arm
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muscle is used to further torque the fastener. Similarly, it is
sometimes necessary to loosen a bolt or nut manually before
using a power tool to complete the job. Not all wrench
designs are sturdy enough for this application. These tools
must be rugged.

[0007] Power ratchet wrenches first appear in the US
Patent Office database in about 1955. See U.S. Pat. No.
2,711,111 to Brame (open box wrench) and U.S. Pat. No.
2,725,771 to Arnold (closed box wrench). Present day
features, such as interchangeable socket bits, are clearly
apparent in designs by Northcutt (U.S. Pat. No. 3,529,498)
and Hanson (U.S. Pat. No. 4,346,630) dating from the
1970’s.

[0008] Since then, incremental improvements include
torque limiting clutches and transmissions to reduce kick-
back (see U.S. Pat. Nos. 6,093,128, 6,076,438, 5,558,168,
5,167,309, and 3,298,481), air exhaust deflectors and muf-
flers for safety and noise reduction (see US Patent Applica-
tions 20050039934, 20050103566, and 20040177980),
work lighting accessories (see US 20050062428 and U.S.
Pat. No. 5,267,129), quick release and rotational reversing
mechanisms (as exemplified in US 20070028724,
20050087041 and U.S. Pat. No. 4,211,127), torque multi-
pliers (US 20060090606), US 20060053979, US
20060053980, and US 20050211026 (with increased
mechanical strength), among others. Very recently, cordless
electrical designs have appeared, some with digital inter-
faces. We see the beginning of integration of digital circuits
for example in US 20060283265.

[0009] Ratchet-action head mechanisms and motors of the
prior art are exemplified in the US Patent Office database by
U.S. Reissue 33711, U.S. Pat. No. 5,896,789, 5,535,646,
5,017,109, 4,821,611, and 4,791,836, and by US Patent
Applications 20030024715 and 20020148331, for example.

[0010] A number of patent documents relate to ratchet
head modifications for access to fasteners at variable angles.
Generally, these can be divided into ratchet heads that rotate
or pivot on the X-axis, where X is defined as the rotational,
or “long”, axis of the motor driveshaft, on a Y-axis, where
a Y-axis defines a pivot axis of the head at the neck that is
parallel to the spin of the socket bit stub (ie. side to side), or
on a Z-pivot axis, where any Z-pivot axis defines an axis
similar to that of the bending of the hand relative to the plane
occupied by the radius and ulna (ie. up and down on the
wrist). As termed here, the long axis of the motor driveshaft
by definition shall have its “proximal” end abutting the
motor and its “distal” end facing the head.

[0011] To be clear, a Z-pivot axis flexing ratchet wrench
has a head motion analogous to the flexion of the fingers on
the palm, or the hand at the human wrist (up and down with
palm up), or the flexion at the elbow, where the X-axis is
taken to follow the length of the arm, and the Y-axis of the
wrist is taken to represent the motion of the hand from side
to side with palm up. The anatomical analogy can be
extended further, and a wrench that bends at the fingers may
not be as strong as a wrench that bends at the elbow. An
elbow has a long lever arm and little or no Y-axis rotation
because rigidity is important in applying force while turning
the arm at the shoulder. So too it is with certain tools.

[0012] Examples of variable angle head ratchet tools
include U.S. Pat. No. 5,577,425 to Holmin and Wallerius,
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which rotates on a lip-joint on the X-axis, and U.S. Pat. No.
5,784,934 to Izumisawa, which rotates on a Y-axis while
driven by beveled gears. U.S. Design Pat. 372850 is pro-
vided as an example of an electric nutrunner having rotating
head motion on the X-axis. An interesting flex cable wrench
is illustrated in U.S. Pat. No. 6,813,975 to Kozak.

[0013] U.S. Pat. No. 4,993,288 to Anderson describes a
single-shaft box wrench tool head that flexes on a Z-pivot
axis drawn through ratchet head ears (U.S. Pat. No. 4,993,
288 FIG. 2, element 20), the “yoke”, or “tang” of the rocker
member (See U.S. Pat. No. 4,993,288 FIG. 2, element 40),
and through the excentric cam or “ball crank member” (U.S.
Pat. No. 4,993,288 FIG. 4—<lement 16, herein termed an
“excentric crankpin”). By positioning the Z-axis of flexion
on the rocker yoke mechanism, the wrench is necessarily
broader at the head than a conventional ratchet wrench.
Also, placement of the Z-axis of the flex ratchet head on this
pivot line requires tenting of the “pocket” formed by the
rocker lug ears and the inside top and bottom faces of the
ratchet head so as to accommodate the out of plane, excen-
tric displacement of the crankpin bushing when the head
bends. This again increases the dimensions of the head (FIG.
1 element 21, making access to tight places more difficult. In
the drawings, the radial offset of the crankpin on the
driveshaft can be seen (see FIG. 7 of U.S. Pat. No. 4,993,
288) to be noticeably less than that of a conventional ratchet
head because, in the *288 design, a fully excentric crankpin
and bushing would exit the rocker yoke at the most out-of-
plane orbital rotation of each cycle, and even impinge on the
ratchet head body if the body cavity were not tented,
resulting in vibration and excessive wear. The shorter power
stroke also reduces the ratchet drive efficiency and the torque
that may be applied by ratchet heads of this design (which,
parenthetically, cannot be used with conventional inter-
changeable socket bits intended for attachment to the tool by
a stud).

[0014] U.S. Pat. No. 6,435,060 to Izumisawa also
describes a ratchet wrench bending at the Z-axis on a slider
bar that extends through the mechanism from right to left. In
this wrench design, the pivot axis is a solid fixed cross-bar
(U.S. Pat. No. 6,435,060 FIG. 1, element P). A cam pin and
bushing (U.S. Pat. No. 6,435,060 FIG. 1, elements 18 and
30) mounted to the driveshaft are used to drive slave carriage
element 31 with yoke and coupling element 32 with pin 32a
and bushing 33 (U.S. Pat. No. 6,435,060 FIG. 1, elements
31-33), that ride, slidingly back and forth, on the fixed
position pivot bar P. Ingeniously, this converts axial rotation
of the driveshaft and cam pin into transverse reciprocal
motion of the carriage and coupling adaptor, which in turn
actuates the ratchet rocker dog and pawls. The neck of the
device is, however, necessarily broad to accommodate the
carriage and required pivot ears. A wrench of this type was
manufactured and sold briefly as the “AT714—“Cobra
Head34” Flexible Air Ratchet Wrench” but has since been
withdrawn from market. To verify this, examine the manu-
facturer’s exploded view (used to order replacement parts,
last accessed 4 Jan. 2007, at http://buyl.snapon.com/cata-
log/parts/pro_det.asp?Item_id=68240&group_id=17685),

and then compare it with FIG. 1 of U.S. Pat. No. 6,435,060.
In both drawings we see a slender cylindrical bushing
inserted between pivot post P and the carriage and coupling
elements 31 and 32. While not numbered in the patent
drawings, the bushing as drawn is delicate and tripartite.
This reciprocally sliding bushing would not perform well
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over time, yet smooth operation of the mechanism depends
on the dimensional stability of the bushing and slider bar.
While ingenious, the design is therefore prone to early
failure in use. When first sold, interest in the Z-axis flex-
head capability was high among mechanics.

[0015] Brown, in U.S. Pat. No. 4,748,872, describes a
Z-axis flex ratchet wrench. The distal end of the motor
driveshaft is joined to a foreshaft by a standard “universal
joint” (a term of art synonymous with “U-joint”, “Cardan-
Joint”, or “Hooke Joint”) with journal ed spider block
characteristic of this class of joints. We see the spider block
(U.S. Pat. No. 4,748,872 FIG. 3-4, element 100), in its
conventional role of joining a precessing foreshaft to a
driveshaft, each having an end-yoke, in universal driveshaft
70 of Sheet 1 of U.S. Pat. No. 4,748,872. The dual yokes and
spider blocks of this construction are problematic from a
manufacturing and maintenance standpoint.

[0016] Brown approaches the dual problems of a coaxial
pivot plane in the joint and the uneven torque and rotational
velocity of the u-joint in a unique way, stating “the spline
gear 78 and the crankpin 114 will shift themselves longitu-
dinally during rotation to keep the bores 102, 104 of the
spider block 100 in registration with the axis defined by
bores 34,36. Applicant believes that this longitudinal shift-
ing is due to the principle of dynamics which holds that a
body in motion tends to follow the path of least resistance,
and since wobble is an unnatural balance condition, the
driveshaft 70 will be longitudinally positioned during rota-
tion to accept a position which for each particular circum-
stance is wobble free” (col 3). Note also spring-loaded
washer plate 32 of FIG. 7 (U.S. Pat. No. 4,748,872) as is
discussed in the Abstract to the Brown disclosure, where is
stated, “the shaft is mounted in the tool in such a manner that
the coplanar axes can float into alignment”. This teaching
advances over earlier wrenches containing u-joints (Lund
U.S. Pat. No. 1,975,695 and Cooley U.S. Pat. No. 2,499,569
for example). Thus, Brown recognizes in part the problems
posed by uneven rotational velocity and coupling stresses
associated with use of a Cardan u-joint, and offers a solution
based on a slip joint with spring means. The dual yokes,
spider blocks and spring mechanism of this construction are
problematic from a manufacturing and maintenance stand-
point.

[0017] Eyssallene, in U.S. Pat. No. 6,928,902, also
describes a Z-axis flex wrench, while not using a ratchet
mechanism, but again using a conventional Cardan-type
universal joint as the pivot means (U.S. Pat. No. 6,928,902,
FIG. 2, element 24). Here a cogwheel mechanism replaces
the ratchet rocker dog. A pivot post and pivot lug ears are
depicted in FIG. 5 (U.S. Pat. No. 6,928,902, FIG. 5, items
38, 14 and 44). The dual yokes and compound journal cross
of this construction are problematic from a manufacturing
and maintenance standpoint. Importantly, the driveshaft 20
must be configured to rotate both clockwise and counter-
clockwise by directional throw switch 30, a necessary fea-
ture in the design that is not required in a ratchet wrench.

[0018] In fact, the problem of transmitting torque from a
driving shaft to a coupled driven shaft angled away from the
long axis of the driving shaft is an old one, and the
transmission couplings remain the subject of innovation.
Spicer, in U.S. Pat. No. 919,651 describes what is essentially
a ball with lateral pins extending from the ball into axial
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channels in a cylindrical housing joined to a second shafft,
whereby the rotational motion of the ball is transmitted to
rotational motion of the cylinder by means of pins as
“intermediate members”, the pins fitted with flexible bearing
boxes for engaging the channels. The rotational velocity and
torque of “universal joints” in general characteristically
fluctuates. We see “constant velocity u-joints” in U.S. Pat.
No. 2,441,347 to Dodge, wherein the intermediate member
is required to dynamically orient on a “homokinetic plane”
bisecting the angle of pivot of the two shafts as the shaft
coupling bends, by doing so eliminating the phase angle
between driving and driven shaft, or substantially so. How-
ever, all true “constant velocity joints”, or “CV joints”, both
plunge joints and non-telescoping variants thereof, are char-
acteristically complex or require high precision, as exem-
plified by further improvements shown in US 2006/0240897
and US 2002/0042997, and are thus not well suited to small
tools. Essentially, the “CV-joint” designs as shown in these
patents and cumulatively in related art are not readily
adapted for a palm-sized socket wrench. Thus while homo-
kinetic rotation would be desirable, manufacturing simplic-
ity and reliability must come first in this class of tools.

[0019] Innovation in “universal joints has also continued.
In reviewing U.S. Pat. No. 4,065,941 to Aoki, U.S. Pat. No.
4,188,801 to Hugh, U.S. Pat. No. 4,692,127 to Wagner, U.S.
Pat. No. 4,936,701 to Allen, U.S. Pat. No. 5,851,151 to
Reynolds, U.S. Pat. No. 6,152,826 to Profeta, U.S. Pat. Nos.
6,267,681 and 6,390,927 to Cleveland, and U.S. Pat. No.
6,869,366 to Delaney, we see incremental modifications and
improvements. The listed inventions relate to a simple
adaptor, generally for use on an impact wrench, that allows
the head of the tool to be worked at an angle. Typically, a
spring member is used to dampen axial displacements of the
head and base of the adaptor, which could lead to binding or
seizing of the head on the wristpin, apparently a similar
problem to that described by Brown above, referencing
remarks made by Brown concerning “registration”. Patent-
able variations are many. Aoki describes a captive wristpin
with spring-mounted balls, Hugh describes a “quadrified
ball” with impinging faces and spring-mounted bias member
(element 5 of FIG. 1 of U.S. Pat. No. 4,188,801); Wagner
describes a slip joint with spring element (element 19 of
FIG. 1 of U.S. Pat. No. 4,692,127); Allen a “coil spring”;
Reynolds a “plug tension washer” and “C”-spring (elements
62 and 68 of FIG. 3 of U.S. Pat. No. 5,851,151); Profeta a
“resilent retaining means 16, such as a flat leaf spring”;
Cleveland a prominent coil spring; and Delaney a “wave
spring” (element 24 in FIG. 23 of U.S. Pat. No. 6,869,366).
The need for the spring relates to the tendency of the joint
to want to reposition itself as described by Brown and to
prevent seizing or galling.

[0020] The more recent prior art work further teaches that
the “pin and ball” joints, as represented by Dodge (U.S. Pat.
No. 2,441,347), are subject to shearing off of a pin or pin at
the ball or by neck failure of the ball. According to Delaney
in U.S. Pat. No. 6,869,366, “Additionally, the bearing area
where the pin contacts the slot within the ball becomes
deformed because of the great amount of force and lack of
material support” (Col 1, U.S. Pat. No. 6,869,366). It is also
noted that the pin configuration of Hugh is subject to wear,
which leads to binding, and that Profeta is limited in angular
pivot, and so forth. The only general agreement in the
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cumulative prior art work of the last 100 years seems to be
that a fully satisfactory solution to the problem has not been
found.

[0021] Accordingly, there remains a need for an improve-
ment of bendable head power tools with ratchet action that
is simple to manufacture and reliable.

SUMMARY OF THE INVENTION

[0022] As a mechanic, I have found that flexibility of a
ratchet-action tool in the Z-axis is a great advantage in
reaching fasteners or members positioned in narrow and
hard to reach places. The prior art offers a range of teachings,
and the only general agreement in that cumulative work
seems to be that a fully satisfactory solution to the problem
of transmitting torque to a small tool with a bendable head
has not been found, and that difficulties continue. Although
ratchet wrenches, unlike impact wrenches which must oper-
ate at very high speed and be reversible, operate at speeds of
about 100 rpm and generally deliver torque of less than 100
foot-pounds, the split shafts of a bendable head ratchet tool
can be subjected to axial forces as the head bends. Small
longitudinal deviations of the coupling axis from the pivot
axis increase these forces, as taught by Brown. Without
relief, a miniature and inexpensive Cardin joint can wear
excessively under these conditions and is not readily ser-
viceable, likely necessitating field replacement of the entire
split shaft at substantial cost. Similarly, spring means to
oppose axial displacements are not durable. However, con-
trary to the teachings of Brown, the solution taught here is
a coupling that opposes axial shifts of the shafts and may be
assembled without tools, without adjustment, and without
springs. The compact design disclosed here opposes axial
forces by transferring them to suitable bearing surfaces,
permits smooth transmission of rotational torque to the tool
head during bending of the shafts, and is both rugged and
simple to manufacture and maintain—thus succeeding
where others have not.

[0023] Central to the design is a split shaft modified with
a pivotable shaft coupling that pivots essentially coaxially
with the pivot axis of the tool head; wherein the pivotable
shaft coupling is a slotted ball and slotted-ball-receiving
socket with wristpin, and the shafts are further modified with
opposite ends configured for engaging a ratchet mechanism
and tool motor. The slotted ball and slotted-ball-receiving
socket are mated to form a bearing surface configured to
dampen axial translation of the wristpin or slot in the
coupling and to aid in assembly. The pivotable shaft cou-
pling is assembled by merely dropping the foreshaft onto the
driveshaft in place in the housing. Surprisingly simple—yet
this design solves the bending head ratchet power tool
problem without increasing the head size, and without the
difficulties in manufacture and durability that have charac-
terized the prior art.

[0024] Power is communicated from the motor driveshaft
to the ratchet dog and pawl mechanism of the socket head
via a pivoting foreshaft modified with an excentric crankpin
for engaging the ratchet mechanism. The foreshaft is further
modified at the proximal end to engage a pivotable shaft
coupling to the driveshaft, the coupling a slotted ball and
socketed wristpin which also serves as an axial bearing. The
Z-pivot axis of the split shaft coupling and of the pivot
“pins” or “posts” of the housing (where the head and body






