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(57) Abstract: A coupling comprises blade
flexures that connect two end members
through which control rods extend to cross
members that are attached near the mid-points
of the blade flexures, providing stable-linear
load reaction means for use as end pivots for
linkages where stickslip motion is undesirable.
The blade flexures are housed in a rigid cage
comprising four separators that are attached
to end members, and the flexures are attached
to the end members by the separators.
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STABLE BI-AXIAL PIVOT FLEXURE COUPLING

Technical Field

This invention relates to devices for providing low friction,
rotational couplings, in paxticular, a stable bi-axial pivot flexure coupling
to provide rotationally compliant ends for kinematic Linkages

Background

A simple spherical ball and socket connection provides a coupling
that is rotationally compliant and axially stiff .'A coupling of this type is
used as an end fitting for linkages or rods or struts where axial forces
mugt’bé rigidly transferred, and rotations are relatively unconstrained.

The ball and socket end connection is however characterized by large

~ friction lossesb, making it undesirable for low power, precision coupling

and in particular closed loop feedback controls, which can become
unstable when too much stick-slip motion is present. Pivot flexures, like
the coupling 4 shown in Fig. 4, are generally more useful in those
applications. Thls device operates in a completely linear fashion by -
means of elashcally deflecting flexure blades 4a that produce the desired
linkage 4c end rotatlon with a fixed end or other linkage 4d. Rotational
compliance about the two axes orthogonal to the link axis (direction 4b in
figure 4) is desired thus the term biaxial is often used to describe these
flexures. Some rotational compliance about the link axis is also achieved
with this type of flexure although it is not critical in most apphcatmns
Even though blade type pivot flexures have been used successfully,
they possess certain performance limitations, in particular weak axial

load carrying capacities. To achieve low rotational stiffness, the
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interleaved blades 4a must be slender which makes them susceptible to
buckling under compressive or axial loads, in the direction 4b. To

increase their load beari.ng capacity, the blades 4a conceivably can be

‘made thicker, which makes them less flexible and increases rotational

stiffness reducing the coupling’s effectiveness. The goal is minimal
rotational stiffness, which requires the thinnest possible blades but

maximum axial strength.

Summary of the Invention

An object of the present invention is to provide a biaxial rotational
coupling with minimal rotational friction and losses of the blade type and
also capable‘of bearing higher axial compressive loads.

According to the present invention, a stable pivot flexure coupling
uses thin flexures (blades) to connect the rotating end members and the
pivot joint is located near the midpoint of each flexure.

According to the invention, a flexure coupling comprises a first end

member normal to a load axis (i.e., 4bin figure 4); a second end member

‘normal to said load axis at a first distance from the second end member;

an aperture in said first end member on said axis; an aperture in said

second end member on smd axis; first and second flexures connecting

‘said end members, said first and second ﬂexures being parallel to said

load axis and diametrically opposed; third and fourth flexures
connecting said end members, said third and fourth flexures being
parallel to said load axis and diametrically opposed; a first cross member
normal to smd load axis and connected near the midpoints of the first
and second ﬂexures a first rod along said axis and extending through

the aperture in said first end meimber and attached to said first cross
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member; a second cross member normal to said axis and connected near
the midpoints of the third and fourth flexures; a second rod along said
axis an'd extending through the aperture in said second end member and
attached to said second cross member, both said first and second rods are
used to attach the Eouph’ng to a linkage and/or desired fixed mounting
point where the device may operate to transfer axial loads rigidly
between said hardware while allowing relative unconstrained or
compliant rotations

According to one aspect of the invention four axial connecting rigid
spacers, diametric.ally.arranged, secure the first and second end members
with the flexures located between the end members and the spacers to
form a cage for the flexures.

Accoxding to one aspect of the invention, each flexure is formed

with base at each end which is secured to the end members with the rigid

spacers.

A benefit of the invention is that each blade flexure reacts axial
loads in both compression and tension. As a result, flexure failure, i.e.,
failure of a blade; can only occur when the elastic limit of the flexure
material is reached.

With the benefit of the previous discussion of the invention, one of
oraina;y'skﬂl in the art may be able to modify the invention in whole or

in part without departing from the true scope and spirit of the invention.

Brief Description of the Drawing
Fig. 1is-an elevation of a stable flexure blade assembly embodying

the present invention.

Fig. 2 is a section along line 2-2.

3
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Fig 3. is a schematic of a coupling having axially opposed
connecting rods, each connected to a pair of flexure blades according to
the present invention.

Fig. 4 shows a flexure coupling used in the prior art.

Fig. 5 is a section along line 5-51n Fig. 3.

Fig. 6 is an section along 6-6 in Fig. 8

Fig. 7is a section 7-7 along in Fig. 8

Fig. 8 is a side view of the present invention

Fig. 9 is a section along 9-9 in Fig. 8

Description

In Fig. 1, a flexure blade assembly 9 includes a control rod 10
which is moveable around an axis 12 parallel to cross-member 30 to be
able to flex or move (rotate slightly) with respect to fixed circular
members 14 and 16. (See angle 8 in Figure 2) End members 14 and 16
are connected by thin, leaf like ox blade type flexures 18, 20, made of a
resilient metal, plastic or composite. It should be noted from schematic

Fig. 3 that there are four blade flexures, fixst and second flexures 18, 20,

as mennoned and third and fourth flexures 22, 24, all attached at their

ends to the end members 14 and 16. Blade flexures 18, 20 are attached

to control rod 10 through cross-member 30 and along a plane, as shown

in Fig. 1. The second pair of blade flexures 22, 24 lie a long a plane

normal to the plane of blade flexures 18, 20 and are attached to a second

control rod 26 through cross-member 32. (See also Figs. 6 through 9.)
Thus, the movement or slight rotation of control rod 10 is

orthogbnal to similar rotations of control rod 26 by the mechanical
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connection between the blade flexures and the end members, providing
biaxial rotational compliance between the two control rods.

Control xrod 10 is attached to a transverse bar or cross member 30
one end of which 30ais attached, e.g., welded, as close as possible to the
middle of blade flexure 18, and likewise the other end 30b is attached to
the middle of bladé flexure 20. Control rod 26 is attached to transverse
bar 32 which is siir%ilaxl_y attached with its ends 32a, 32b as close as
possible to the middle of its respective blade flexures 22, 24, while
providing some clearance with transverse bar 30. The points 30c and
32¢c where the rods' 10 and 26 attach to their respective bars. 30 and 32
are the mtermechate blade flexure points.

It will be appreciated that the coupling in Figs. 1, 2 and 3 reacts
axial loads both in compression and tension through the blade flexure
points' such as 32¢. The load path continues through the tr:;nsverse baxs
and then through each blade flexure. The load path then sphts with a
portion of the load causing tension in one part of the blade flexure and
another portion of the load causing compression in the other part of the
blade flexure . The magnitude of the load reacted by each blade flexure
segment is dependent on a few factors, since the axial load path becomes
staucally indeterminate. First, the location of the pivot point along the
length of the blade determines relative stiffness by the blade and its
reaction to axial Joads. Another factor in determining load magnitude in
each blade flexure portion is the compression portion of the blade flexure
and its buckling stability. If the compression side is not stable to the load
the flexure will buckle. The tension side must therefore react all the
Joad. In other words the reaction through the flexures and rods 10 and
26 puts the blade flexures in tension, minimizing the risk of buckling.

5
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" In one configuration, the length of each blade flexure 18, 20, 22, 24
is .75 inches, and the flexure is made of titanium 6A1-4V. The
connection point 34 is .3 inches and the blade flexure is .013 X .3 inches
in cross-section. (See Fig 2.) If a blade with those characteristics is
configured conventionally, as illustrated in figure 4, the buckling load for
each blade flexure is 90 1bs. This is without adding the additional
stresses encountéred when the blade is flexed or slightly rotated as
shown in Flg 2 If a blade of the same dimensions and material make-up
ié configured as the present invention (intermediate blade flexure points),
the’ allowable 1oad for the flexure is increased to 200 pounds. This stable
flexure contmues to be structurally sound when reacting this load and
experiencing 5 degrees (0) of rotation.

Figs. 6-9 show an embodiment of the basic flexure structure
explained above, in assembly that is easy to fabricate. This embodiment
uses four posts or separators 35, 36, 37 and 38, arranged diametrically
and seéured to rigid end membexrs 40 by fasteners 39, forming a cage for

the flexures 18‘, 20, 22, 24. In this embodiment, the flexures are given

the previous numbers but are formed with integral bases, e.g., 22a, that

are sandwiched between the rigid spacers 35, 36, 37, 38 and the end

| members 40, It can be seen that the mechanical combination of the end

members and separators produces a rigid cage for the flexures while the
conpection between the two rods and is solely through the flexures 18,
20,22, and 24 as explained previously, providing the same benefits.

In addition to any modifications and variations described

previously, one skilled in the art may be able to make modifications to

invention and its components and functions, in whole or in part, without

departing from its true scope and spirit.
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Claims

I Claim:

1. Acoupling, comprising:
a first member normal to a load‘ axis;

a second member normal to said load axis at a first distance
from the second member;

an aperture in said first member on said axis;

an-aperture in said second member on said axis;

a first palr of flexures compfising first and second flexures

* connecting said member, said first and second flexures being
parallel to said axis and diamétrica]ly opposed;

a ‘second pair of flexures comprising third and fourth
ﬂexurés connecting said members, said third and fourth
flexures being parallel to said axis and diametrically opposed;

a ﬁrs‘f cross member normal to said axis and connected neax
the midpoints of the first and second flexures ;

a first rod along said axis and extending through the

" aperture in said first member and attached to said first cross
. member;

a second cross meniber normal to said axis and connected
near the midpoints of the third and fourth flexures; and

a second rod along said axis and e‘xtendingythrough the

aperture in said second member and attached to said second

cross member.
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2. A coupling according to claim 1, further comprising:
a plurality of rigid separators that extend in parallel with
the axis of said rods and are rigidly connect to said first and

second end members.

3. A coupling according to claim 2, wherein:
each said flexure includes an integral base sandwiched
between said first and second end members and said

separators.
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