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IN THE UNITED STATES DISTRICT ‘co URT..
FOR THE EASTERN DISTRICT OF MICHIGAN .
SOUTHERN DIVISION \j

NORGREN AUTOMOTIVE, INC,,

A Delaware Corporation,

Plaintiff,
\2

TUNKERS, INC,,
A Michigan Corporation,

Defendant,

s
"“\,l

B, By U

Todd L. Moore (P 45472)
Marshall G. McFarlane (P 27296)
YOUNG & BASILE, P.C.

2001 Commonwealth Boulevard
Suite 301

Ann Arbor, Michigan 48105

(734) 662-0270

Attorneys for Plaintiff

/

COMPLAINT
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Case No.:
Judge:
JURY TRIAL DEMANDED
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=z M
. U
=
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Plaintiff, for its cause of action against the Defendant, states as follows:

GENERAL ALLEGATIQONS

1.

This action arises out of the patent laws of the United States of America,

35 U.S.C. § 101, et. seq. Jurisdiction for this Court is based upon 28 U.S.C. § 1338(a).

Venue in this case is based upon 28 U.S.C. § 1391 and/or 1400(b);

2.

Plaintiff, Norgren Automotive, Inc. (hereinafter "Norgren"), is a Delaware

Corporation, having its principal place of business at 44831 Groesbeck Highway, Mt.

Clemens, Michigan 48046-0787,

3.

Defendant, Tunkers, Inc. (hereinafter "Tunkers"), upon information and
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belief, is a Michigan Corporation, having its principal place of business at 42925 West Nine
Mile Road, Novi, Michigan 48375-4115,
COUNT |

PATENT INFRINGEMENT

4, Plaintiff 1s the owner, by assignment, of U.S. Pat. No. 5,575,462
(hereinafter the " ‘462 Patent), which was duly issued by the United States Patent and
Trademark Office on November 19, 1996, and which is entitled "ROTARY CLAMP FOR A
LINEAR ACTUATOR" (Exhibit A, attached). Plaintiffis, and has been, at all relevant times
to this complaint, the owner of said patent and entitled to all rights of recovery for all
infringements of said patent;
5. Defendant, Tunkers, has infringed the ‘462 Patent by manufacturing,
using, selling and offering for sale within this district a rotary clamp that infringes at least
one claim of the ‘462 Patent under 35 U.S.C. § 271(a), § 271(b), and/or § 271(c); and
0. As a result of the actions of Defendant infringing the *462 Patent, Plaintiff
has been damaged, and unless further infringement is enjoined, will continue to be damaged.
WHEREFORE, Plaintiff prays for judgment against Defendant, including, but not
limited to, the following relief:
A. Defendant be adjudged and decreed to have infringed U.S. Pat. No. 5,575,462
and that said infringement has been willful;
B. Preliminary and permanent injunctions be issued restraining and adjoining
Defendant, including its agents, officers, servants, attorneys, and employces,
and those acting in concert with Defendant from all further infringement of

said patents;
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Defendant be ordered to account for and pay to Plaintiff treble damages,
based on 35 U.S.C. § 284, by reason of Defendant’s infringing acts with
respect to said patents,

Plaintiff be awarded adequate interest payments (including pre-judgment
interest payments) in conjunction with the damages that it has suffered in this
case, and in connection with the infringements that have been performed or
carricd out by Defendant;

This be decreed an exceptional case within the meaning of 35 U.S.C. § 285
and that reasonable attorney fees be awarded to Plaintiff;

Costs be awarded to Plaintiff; and

Plaintiff be granted such other and further relief as may be proper under the
circumstances.

JURY DEMAND

Plaintiff hereby demands a trial by jury of all issues triable by jury.

Dated: March 3, 2003

Respectfully Submitted,

Norgren Automotive, Inc,

Ji— —

odd C~Moore (P 4547
Marshall G. McFarlane (IN27296)
YOUNG & BASILE, P.C,
2001 Commonwealth Boulevard
Suite 301
Ann Arbor, Michigan 48105
(734) 662-0270
Attorneys for Plaintiff
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United States Patent 9 ] Patent Number: 5,575,462
Blatt 451 Date of Patent: Nov. 19, 1996
[54) ROTARY CLAMDI FOR A LINEAR 5190334 371993 Sawdon .

ACTUATOR 5215295  6/1993 Hoover .

FOREIGN PATEN MEN
[76] Invemtor: John A. Blatt, 22 Stratcon PL., Grossc OREIGN PATENT DOCUMENTS

Painte Shores, Mich, 48236 2340798 /1980 France .
2355207 71976  Genmany ,
[211 Appl. No.: 291,687 OTHER PUBLICATIONS
(221 Filed: Aup. 17, 1994 Reexamination Centificate BI 4,905,973 issued Jul. 5, 1994,
{51] Int. CL* B23Q 3/08 Primary Examiner—Robert C. Watson
[52] US.Cl e 269/32  Automey, Agens, or Firm—Young & Basile, P.C,
[58] Ficld of Seareh .o 254/32, 27,25, (57 ABSTRACT

254124, 93, 228, 91, 94, 285 )
A rotary clamp for a linear actuator having means for

[56]) References Cited conventing linsar actuator motion between a first position
and a secand position into rotary clamp motion between an

U.S. PATENT DOCUMENTS unclamped position and a clamped position wherein a recip-

2845847 87198 DBlazetal. . rocating member provides means, separate from the linear
3.027,155 371962 Paicrson . actumtor, for resctting the converting linkage toward the first
3,347,542 1071967 Mericle, It . position without having te disussemble the rotary ¢lamp of
3,362,703 11968 Blat . the linear weizarer. The reciprocating member also provides
3381954 51968 Dlau . a sccundary slop to prevenl the converting linkage from
3945030 1211970 Blaotal. reaching zn over-center position. The reciprocating member
gg-{ggg? l?;:g;i ;{‘:‘i‘"“m" : is slidably disposed and captured within a wall of a housing
3:702:185 11972 Blatt | of the rotary clamp. If power is lost to the rolary c.l:'me. the
3920234 1171975 Blau . clamp may beeame *locked” in the ¢lamped position, and
3526418 121975 Blau . the reciprocal member may be struek from the outside of the
4,021,077 S/1977 Blaw. housing in order to drive the lincar actuator toward the
4,396,183  8/1983 Lymbumer . unclamped position thus manually resetting the converting
4,458,880 771984 McPherson et al. . means of the clamp. The reciprocal member abuts the inside
4,496,138 1/1985 Blau . wall ol the housing in its fully retracted position to provide
4570914 /1986 DBlau . a secondary stop to the lincar actuator and prevent the

4,620,696 L1/1986 Blait .
4,637,597 1/1987 McPherson et al. .
4,728,137 341948 [lamed ctal..

linkage mechanism from reaching an over-center position. A
cam means is provided [or guiding and supporting the lincar

4905973 31990 Blan actuator against linkage forces directed perpendicular to the
5.080336  1/1992 Carossino . linear line of motion, thus climinating the need for side walls
5,118.088  6/1992 Sawdon . in the housing.

5165670 11/1992 Sawdon .

5,171,001 12/1992 Sawdon . 16 Claims, 3 Drawing Sheets

/4/ /?
o ik
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1

ROTARY CLAMI' FOR A LINEAR
ACTUATOR

FIELD OF THE INVENTION

The present invention relates, in gencral, Lo rotary clamps
for linear agiuators, and more panticularly, to a linkage that
converts lingar actuaior motion between a first position and
a sccond position into rotary clamp motioh between an
unclamped positien and a clamped positionswherein a recip-
rocal member provides means for manually resetting the
converting linkage toward the first position and stop mezns
for limiting the travel of the lincar actuator in the second
position,

BACKGROUND OF THE INVENTION

Rotary clamps are known of the type in which lincar
actuator reciprocating movement s adapted to be transtated
into angular rotary movement of a ¢lamp anm, The lincar
actuator may be powered by a [luid motor. and an additional
linkage or other wansmiuting means convents the lincar
actuator motion to a rotary clamp motion, Normally, when
the {luid motor is in a rctracted position, the clamp is in a
released position, thut is, the clamp arm is removed [rom the
work supporting surface, and by means of fluid pressure. the
clamp ann is pivetadly moved into clamping position to
clamp a work picee to 2 work supporting surface and hold
and/or locate the work picce against the work supponing
surface.

Various guide and linkage means have been proposed to
correctly translate lincar reciprocating movement of a pistan
and piston rod, utilized in the linear actuator, to comectly
swing the clamp arm into or out of clamping position,
sccking to obtain the highest mechanieal advantage which
can be utilized within the power stroke of the linear actuator,
All of these known mechanisms, morc or less, includa
complex designs of various mechanical components at high
manufaciuring and assermbly cost.

A known design powers a lincar actuator along a guide
slot provided in a housing of he clamp. The end of the linear
actuaeor iy pivoiadly conneered to a linkage member which
in tum is pivotally connccied to a lever arm of a pivol pin,
The lincar actuator provides reciprocal linedr movement
along the guide slot, thus driving the linkage member and
conventing the linear movement into rotational movement of
the pivo! pin. A clamp arm is connected to the pivoe pin for
rolary motion of the clamp arm between a clamped position
und an unclamped position.

Typically, such designs try lo prevent the over travel of the
linkage member to an over-center position wherein the pivot
points of the linkage member arc at a zero degree angle with
respect to one another, in other words, the longitudinal axis
of the linkage member is at a position perpendicular to the
longitudinal axis of the guide slot. As the linkage angle
approaches zero degrees, the linkage force approaches infin-
ity through the relationship P=[+1ano where P=the linkage
force, F=the linear actuator force and a=the linkage angle.
Thus, as the linkage member approaches the over-conter
position, the clamp mechanism experiences ultra-high link-
age forces which may cause premature wearing of the
linkage mechanism or may cause the linkage mechanism Lo
“recze™ or “lock up”. For example, when a clamp arm is
adjusted to provide maximum ¢lamping pressure on a work
piece at standard factory air pressure, such as 80 p.s.i., any
trave] Lo center or slight over-center of the linkage member
has been found in most commercial clamps currently avail-
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able to require a release pressure exceeding the 80 pasi.
supply line pressure by as much as 20=30 p.s.i, Since this
may resuit in a “lock up” clamp which cannot be released by
standard air pressure, such clamps arc normaliy operated
with a limited wavel of the linear actuator or lever arm to 2
linkage angle short of 0°, L.e. in the order of 8°—1°, to assure
that supply line pressure will alwavs release the clamp.

Other designs provide for the linkage mechanism te travel
0 1 positive cenier or slight over-cener locking position
wherein needle bearings are utilized so that the cylinder
pressure required 1o release the clamp is no greater than the
cylinder pressure nceded to actuate the clamp to the locking
position. Such configurations are capable of producing high
clamping forces, but they are also subject to undesirable
wear to the internal mechanism created during the passage
through the ultra high foree over-center position, The result
of the wear is the recuction of the clamp forees in which the
clamp can produce.

When trying to control the travel of the linkage mecha-
nism, most elump designs do not consider conwrolling the
clamping force. Applicars’s U.S. Pat No. 4,905,973 pre-
vents the linkage mechanism from reaching the over-center
pusition by having 4 positive stop on the lever arm engage
aninternal surface in the housing of the rotary clamp, Others
provide a step to a portion of the linear actuator, and thus,
the over-center position may never be reached although
wear may create play within the linkage mechanism thereby
cifecting the clamping force of the clamp armm. Others
provide a stop for the clamp arm while allowing the linkage
mechanism o near and appreach the over-genter position,

Although preventing the linkage member [tom reaching
the over-center position may ensure that the supply line
pressure will release the clamp, most clamps do, not provide
a means by which to manually release the clamp without
disassembling the clamp should the power and/or control
means fail to operatc the clamp when in the clamped
position. This is especially so when the internal mechanisms
of the rotary clamp are fully disposed within an enclosed
housing,

Sume clamp designs prevent the linkage member {rom
reaching an uver-center pusition by ulilizing o positive slop
on the lever arm to cngage the housing and limit the
clamping position and lorce of the clamp arm. Sincc the
lever arm is coupled to the linkage asscmbly, the linkage
member is prevented from reaching the over-center position.
Duc to thz number of reciprocating cycles realized by the
linkage mechanism during the life of the clamp and duc to
the large and variable forces that are realized by the linkage
mechanism during those cycles, the tolerances or “slop”
within the linkage mechanism begin to increase thus allow-
ing the linkage member 10 slowly approach the over-center
positien. Thus, it would be desirable to provide a secondary
stop to casure that the linkage member cannot reach the
over-center position while still maintaining a consistent
clamping farce and position over the life of the clamp,

The linkage {orce and actuation force may also be affecied
by additional friction and binding created by the linkage
mechanism and linear actuator, Often the linear actuator is
subject 1o forces having components that are perpendicular
to the line of lincar motion. Often side walls are machined
within the guide slot of the housing 10 suppon the linear
actuator against these forces. Such puide slots are difTicult
and cxpensive to manufacture thus creating an undesirable
situation in industry.

SUMMARY OF THE INVENTION

The present invention avercomes the above-noted short
comings by providing a rotary clamp for a lingar actuator




5,575,462

3

that provides means for converting lincar actuator motion
between a first position and a second pesition into rotary
clamped motion belween an unclamped position and 2
clamped position, respectfully, wherein a reeiprocal member
provides means for manually resctiing the convening means
taward the first position witheut having o disassemble the
rotary clamp and provides stop means for limiting the travel
of the lincar actuator in the second position, The reseuing
means of the present invention provides a means for manu-
ally moving the conventing linkage toward the unclamped
position should he clamp become incperulive in the
clamped position. The secondary stop means of the present
invention provides a secondary stop for the converting
means to prevent the linkage member from reaching the
over-center position,

The prescnt invention of the rotary clamp for a lincar
actuator includes an enclosed housing connected o the
lincar actuator, The lincar actiator has a cylinder connected
to the ¢nd of the housing, a piston supported within the
cylinder for reciprocation therein and a piston rod connected
to the piston and projecting from the cylinder into the
housing, The housing provides an elengated guide slot
means having a longitudinal axis for receiving the piston
rod. A red end is connected Lo the piston rod for reciprocal

movemen? and is received and slidably guided by the puide 2

slot means in the housing,

A pivot pin is rotalably supporied within the housing, and
the pivot pin has at least one end externally accessible with
respect to the housing. A lever arm imtegral with and
exiending from the pivot pin is disposed within the housing,
Apivotal linking means pivorally conncets the lever arm and
the rod end to transtorm the linear reciprocad movement of
the rod end inte angular rotary movement of the pivot pin.
Acam means for guiding and supporting the rod end exteads
integral with and outward {rom the pivet pin. The cam
means provides a puir of guide lobes that engage and support
the rod end against components of the linkage force thal
dircct the rod end loward the pivol pin. A clamping means
is connected to ut leust one of the ends of the pivot pin that
is externally accessible with respect 10 the housing. The
angular rotary motion of the pivet pin is iransferred to move
the clumping means between a clamped position and un
unclamped position.

A primary stop integral with and extending from the pivol
pin engages an internal surtace of the housing in order to
accurately oricntate the clamping posilion of the ¢lamping
means. The linear actuator drives the [inking means towards
the over-center position unti! the primary stop engages the
internal surface of the housing and all excess lolerances
within the linkage mechanism are absorbed,

To prevent the linking means from reaching the over
center position, wherein a longitudinal axis of the linking
means becomes perpendicular with the longitudinal axis of
the guide slot means provided in the housing and wherein
the linkage foree of the linking means approaches infinity as
the linking means approaches the over-center position or 0°
linkage angle, a reciprocal member acts as a secondary siop
1o prohibit the linking means from reaching the over-center
position,

The reciprocal member is slidably disposcd in a wall of
the housing and is aligned with the rod cnd so that the rod
end engages and displaces the reciprocal member in the
second position. Should power ar control of the system [ail
such that the lincar actuator cannet release the clamping
means when the clamping means is in the clamped position,
an operator may manually resct the rotary clamp by striking
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the reciprocal member so that the reciprocal member
engages the rod end with sufficient force o move the rod end
toward the first position without having 1o disassemble the
rotary clamp, This incrcases the linkage angle and reduces
the release force required 10 withdraw the piston and move
the clamping means toward the unclamped position.

Thus, the objects of the invention are to provide a new and
improved rotary clamp for a linear actuator that provides a
means for conventing lincar actuator motion between a first
position and a sccond position into a rotary clamp motion
between a clamped position and an vnclamped pesition
whergin a reciprocal member provides for manually reset-
ling the linear actuator toward the first position without
having to disassemble the rotary clump or linear aemater; to
provide 2 new and improved rotary clamp for a linear
actuator that provides 4 reciprocal member for providing a
secondary stop for limiting the travel of the linear actuator
in the sccond position: and to provide 4 new and improved
rotary ¢lamp for a linear actuator that provides a cam means
for supporting and guiding the rod end against linkage forces
perpendicular to the lincar line of motion.

Other objects, advantages and applications of the present
inventon will become apparent to thuse skiiled in the art
when the following description of the best mode contem-
plated for praciicing the invention is read {n conjunction
with the accompunying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The description herein mukes reference to Ihe accompa-
nying drawings wherein like reference numerals refer wo like
parts throughout the several views, and wherein:

FIG. 1is a side view showing Wie rolary clamp and lincar
actuater in the clamped position and the sccond position,
respeetfully.

FIG. 2is asectional view showing the internal mechanism
of the rotary clamp and showing the reciprocal member
being engapged and displaced by the rod end of the lincar
actuatorn

FIC. 3 is a scctional view with some parts broken away
showing the reciprocal member engaging the rod end of the
lincar actuator and having reset the convening linkage by
moving the rod end toward the first position.

FIG. 4 is a sectional vicw with some parts broken away
showing the reciprocal member providing a sccondary stop
for limiting the travel of the linear actuator and prohibiting
the linkage member from reaching the over-center position.

FIG. 5 is a scction view wken in the direction of arows
5-=5 in FIG. 1 showing the guide lobes supporting the rod
end of the linear acluator.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 shows the ratary clamp 14 for a linear actuator 12
according to the present invention, The linear actuator 12
provides a Muid cylinder 14 and a reciprocat piston 16
slidably disposed therein. A piston rod 18 is attached to the
piston 16 and extends outward from the fluid cylinder 14.
The cylinder 14 has respective opposite rear and front {uid
inlets 20. 22 which, as is known in the art, are suitably
connected by conduits {not shown} 10 a source of Nuid (not
shown) under pressure. The cylinder 14 may be hydraulic,
pneumatic, or conversely, a mechanical reciprocating device
which may be used to actuate the lincar actuater 12 by
reciprocation of the piston rod 18.
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Atached to one end of the cylinder 14 is a hollow housing
24 which houscs means for converting the linear actuator
motion iAo an unpular rotary clamp molion. As scen in
FIGS. 1 and 2, the housing 24 has an clongated intemal
guide slot 26 with onc cnd 28 open adjacent the cylinder 14
to receive the free end 30 of the piston red 18 within the
guide slot 26. The other end 32 of the guide sfot 26 is closed
by the internal surfaces of the housing 24. As scen in FIGS.
2 und 5, the housing 24 also includes a pair of coaxial
apectures 34 having a comman transverse axis 35 offset from
and substantially perpendicular to a longitudinal axis 36 of
the guide sltot 26.

In order to couple the linear actuator 12 with the convert-
ing means, a rod end 38 is connected o the free end 30 of
the piston rod 18 for reciprocal movement betwesn a first
position, wherein the piston rod 18 and rod end 38 are fully
withdrawn toward the open cnd 28 of the guide slot 26, and
a second posilion, wherein the pision rod 18 and rod end 38
are extended toward the closed cnd 32 of the guide slot 26
as seen in FIGS, 21, As seen in FIG. 2, the rod end 38 is

slidingly guided within the guide slot 26 of the housing 24, E

The rod cnd 38 gencrally has a rectangular cross section with
beveled edges and o threaded aperture 40 disposed within
one end of the rod end 38 to threadingly engage the free end

30 of the piston rod 18. A Jock pin 42 is provided through

an aperture in the rod end 38 extending into the threaded
aperture 40 for engaging the piston rod 18 to prevent
discngagement of the piston rod 18 from the rod end 38. The
opposite end of the rod end 38 includes a slet (not shown)
defined by two opposed prouruding portions 46 (only one
shown) of the rod end 38, A pair of coaxial upertures (not
shown), having a common ads, are formed in the iwe
opposed protruding portions 46 ol the red end 38.

To transform the linear actuaior metoen to rotary clamp
motion, a pivotal linking means pivolally connects the linear
actuator 12 10 a lever arm 58, The pivolal linking means
provides a linkage member 50 stidably disposed within the
slot of the rod end 38 and extending outwardly therefrom,
The linkage member 56 is pivotally connecied to the rod end
34 through a pin 52, The pin 52 passcs through an aperiure
54 provided in the linkage member 50 and through the pair
of eoaxial apertures extending through the rod end 38, An
aperture 56 i3 also provided at the opposite end of the
linkage member 50 for pivotally connecting the Jever arm 58
of a pivet pin 60,

Angular rolary motion is impartied to the pivot pin 60,
which is rotatably disposed within the pair of coaxiul
apertures 34 in the housing 24, for angular movement about
the trainsverse axis 35, The pivot pin 60 has a cylindrical
body portion 61 having epposile ends 62 extending through
the coaxial apertures 34 provided ir the housing 24. The
lever arm 58 is integral with and exiends outwardly from the
pivot pin body portion 61 whilc remaining within the
internal portions of the housing 24. The lever arm 58 is
formed by two opposed substantially parallel members 64
(only one shown) cxtending from the pivot pin body portion
61. A pair of couxial aperiures (not shown), having a
common axis, are formed in the two oppoiscd members of
the lever urm 58, The end of the linkage member 50 is
slidably received between the two opposed members 64 of
the lever arm 58, and a pin 66 is inserted through the
apertures in the lever arm 58 and through the aperture 56 in
the linkage member 50,

To reduce the amourt of actuatdon [orce required to move
the rod end 38, the lever armn 58 provides a pair of substan.
tially parallel guide lobes or cams 67 wherein the guide
lobes 67 extend radially outward {rom and are injegral with
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said pivol pin body portion fil, as seen in FIGS. 2-5. The
guide lobes 67 enguge a bottem surface of the rod end 38 as
the rod cnd 38 passcs by the pivot pin body 61 when moving
along the suide slot 26. The guide lobes 67 support and
counteract forces on the rod cnd I8 having components
created by the linkage member 50 thay are substantially
perpendicular to the longitudinal axis 36 of the guide slot 26
and directed toward the pivet pin 6. The guide lobes 67
climinate the need to machine a groove or sidewall within
the internal walis of the housing to support the rod end 38
{rom such [orces created by the linkage mechanism. The
combination of the rod cnd 38, the linkage member 50 and
the pivot pin 60 with the [ever arm S8 provide means for
conventing linear reciprocal actuator metion into angular
rotary clamp moiion.

To secure the pivac pin 60 within the housing 24, pivot pin
cnd portions 68 are connccted to the opposite ends 62 of the
pivol pin body portion 61, as secen in FIGS, 1 and 5. A pair
of substantially cylindrical rccesses 65 are provided cater-
nally in the housing 24, The recesses 65 arc coaxially
aligned with the apertures 34 provided in the housing 24
with which thc ends 62 of the pivat pin body portion 61
extend therethrough. The portions ol the housing 24 that
define the apertures M in thic housing 24 provide a bottom
or floor 6Y 1o the reeesses 65 by which 1o substantially close
the enclosure of the housing 24, The pivot pin end portions
G4 are received and scated within the recesses 65 of the
housing 24 and zre conneceted to the ends 62 of the pivot pin
body portion 61 by conventienal fasteners 70. To accom-
madate the rotary movement of the pivot pin end portions 68
within the recesses 65, a cylindrical bearing 71 may be
utilized within the inside diameter of the recess 65, A clamp
arm 72 may then be attached to the pivot pin end portion 68
by conventional fastencrs 74 for movement helween a
clamped position, wherein the clamp arm 72 holds a work
picce (not shown) against a clamping surface (not shown),
und un unclamped position, wherein the clamp arm 72
releases 4 work piece from a clamping surface.

To ensure the clamping position of the clamp arm 72, a
primary stop 76, integral with and extending from the pivot
pin bedy portion 61, as scen in FIG. 2, engages an internal
wall 78 of the housing 24 when the clamp arm 72 is in the
clamped position and the lincar actuator 12 is in the second
position, By limiting the pivotal rotation of the pivot pin 60
through the primary stop 76 enpaging the internal wall 78 of
the housing 24 [n the clamped position, the clamping posi-
tion ol'the clamp arm 72 remains consistent. By stopping the
pivot pin 60 and not the lincar actuatar 12, the criticality of
telerance build up in the intemal linkage between the pj. ston
rod 18 and the pivol pin 60 is climinated as the linear
actuator 12 will expand ils travel to elimjnate “slop™ within
the linkage mechanism, An 8° linkage angle a should be
maintained such that by selecting materials and finishes for
the intermal mechanism or action of the clamp 14), a balance
can be sct up between the linkage angle o and the frictional
forces of the rod cnd 38 so that when the clamp 10 is
actuated, the clamp arm 72 remains locked even in the case
of Toss of air pressure in the cylinder 14, so that the clamp
10 remains salc and will not open unexpectedly.

LEven though the clamp 10 is designed not to open
uncxpectedly upon the loss of power ar air pressure in the
cylinder 14, it may be desirable to move the clamp 10 to the
unclamped positfon in order 1o release a work picce or reset
the linkage mechanism, Even at an §° linkage angle @, the
linkage force may still be too great lo manually move the
rotary ¢clamp 10 to the unclamped position without disas-
sembling the rotary clamp 10 or the lincar actuator 12. Thus,
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a reciprocal member 80 is slidably disposed within an
apertute 82 pravided within a wall 84 of the housing 24, as
seen in FIGS. 1-4. The reciprocal member 80 has a cylin-
drical body 86 with a pair of larger eylindrical end portions
88, 90 imtegral with the body 86 of the reciprocal member
80. The aperture 82 provided in the wall 84 of the housing
24 is sliphly larger than the diameter of the main budy 86
of the reciprocal memberl80 and is smaller than the dium-
eter of the end ponions 88, 90 of the reciprocal member 80,
This allows the reciprocal member 80 1o slidably move
through the apeniure B2 while being positively captured by
the end portions 88, 90 of the reciprocal member 80 by
dbutting the waulls 84 of the housing 24. The reciprocal
member 80 moves along the same longitudinal axis 36 as the
puide siot 26 and rod end 38 such that the rod end 38
engages and displaces the reciprocal member 80 upon the
rod end 38 reaching the second position. When the clamp 10
is in the clamped position and a loss of power andfor air
pressure occurs Within the cylinder 14, the reciprocal mem-
ber 80 may manually reset the rotary clamp 10 by siriking
the reciprocal member from the outside of the housing 24
and forcing the rod end 38§ toward the first position and
driving the linkage member 50 away from the clamped
position, as scen in FIG, 3, This increnses the linkage angle
e to aievel which cither allows the clamp 10 to become reset
or allows the clamp 10 to be manually manipulated,

In order to prohibit the linkage member 50 from reaching
the aver-center position, wherein the longitudinal axis 94 of
the linkage member 50 is prevented from reaching a position
96 perpendicular 1o the longitudinal axis 36 of the clongated
guide slot 26, the reciprocal member 80 acts as a secondary
stop lo the linkage member S0 when the reciprocating
member 80 is fully displaced against an internal wall 92 of
the housing 24, as scen in FIG. &, When the reciprecating
member 80 is in this retracted position, the rod end 38 abuts
the reciprocating member 80 thereby stopping the linkage
member 50 from reaching the over-center position. Prefer-
ably, the linkage angle @ is prevented from dropping below
4°, The 4° linkage anglc o provides a safe margin in which
the linkage member 50 will not realize the ultra high forces
that are realized when approaching the over-center position.

It should be noted that the present invention is not limited
1o a reciprocal member &0 having a eylindrcal body 86 and
ends 88, 90, but rather, the reciprocal member 80 may utilize
any geometry which allows the reciprocal member 80 to be
slidably disposcd within the wall 84 of the housing 24 while
cngaging the linkage mechanism intemally and providing
access to the reciprocal member 80 extemally.

Whilc the invention has been descrbed in connection
with what is presently considered 10 be the most practical
and preferred embodiment, it is to be understond that the
invention is noi to be limited 1o the disclosed embodiments
but, on the comtrary, is intended 10 cover various modifica-
tions and cquivalent arrangements included within the spirit
and scope of the appended claims, which scope is to he
accorded the broadest interpretation so us to encompass ail
such modifications and cquivalent structures as s permitted
under the law.

What is claimed is:

1, A rotary clamp for a linear actuator comprising:

means for converling lincar actuator motion between a

first position and a second position into rotary clamp
maotion between an unclamped position and a clamped
position, respectively; and

means, separate from said linear acteater and coopera-

lively engapeable with said convering means for
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maovecment between a recessed position and an extended
position, for resetting said converting means toward
said first position when said reseliing means s in said
extended position.

2. A rotary clamp for a linear actuator comprising:

means {or converting linear actuator motion between a
first position and a second position into rotary clamp
motion between an unclamped position and a clamped
position, respectively;

means. separate from said linear actuator, for resctiing
said converting means toward said Hrst position; and

stop means for limiting the travel of said linear actoator in
said second position.

3. A rotary clwnp for a linear actuator comprising:

means for converting linear actuator motion between a
first position and a second position into ratary clamp
motien between an unclamped position and a clamped
position, respectively; and

meuns, separate from said lineur actuator, for resetting and
convening means toward said first position and limit-
ing the travel of said linear actuator in said second
position.

4, A rotary clamp for a linear actuator comprising:

4 housing having an ¢longated slot means for veceiving
and guiding said linear actuator;

a piver pin rotatably suppericd by said housing;

tmeans for pivolally linking said pivot pin o said lincar
seiwaier for transforming reciprocal movement of said
linear actuator into rotary mation of said pivot pin;

means for clamping a workpicee, and sald clamping
means connegied (o said pivos pin und moving between
said clamped position and said unclamped position
when said lincar actuater moves between said first
position and said sccond position, respectively; and

means, scparate from said linear actuator, for resctting
said converting means toward said first position.

5. The rotary clamp stated in claim 4, wherein said

converting means further comprises:

cam means for supporting and guiding movement of said
lincar actuator along said elongated slot means.

6, The rotary clamp stated in claim 5 wherein said

supporting and guiding cam means lurther comprises:

a guide lobe imegral with and exiending cadially {rom
suid pivor pin for engaging and suppocting said rod end
against linkage forces dirccting said rod end toward
said pivot pin.

7. A rotary clamp for a linear actuator comprising:

a housing having an elongated slot means for receiving
and guiding said lincur actuator wherein said lincar
acluator moves between a first position and a second
position;

a pivot pin rotatably supported by said housing;

a lever arm integral with and extending from said pivor
pin;

means for pivowlly linking said lever amm to said linear
actuator {or transferming reciprocal movement of said
linear actuator into rotary motion of said pivot pin:

means for clamping a workpiece, and satd clamping
means eannceted to said pivot pin and moving between
a clamped position and an unclamped position when
said lincar actuator moves between said first position
and said second position, respectively;

a primary stop integral with and extending from said pivot
pin and engaging said housing in said clamped posi-
tion: and
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means, separate [rom said lincar actuator, for resetting
said converting means toward said first position.

8. The rotary clamp stated in claim 7 wherein said

resetting means comprises:

a reciprocal member slidably disposed in 2 wall of said
housing wherein said reciprocal member may engage
and move said lincur actuator toward said first position,

9. The rolary clamp stated in claim 7 further comprising:

secondary stop means for limiting the wravel of said lincar
actuator in said sccond position,

10, The rotary clamp staicd in claim 9, wherein said

secondary stop means comprises:

a reciprocal member slidably disposed in a wall of said
housing, and said lincar actuator abutting said recipro-
cal member against said wall inside of said housing to
limit the travel of said linear actuator in said second
position. :

11, The rotary clamp stated in claim 7, wherein said

means for resetting further comprises:

sccandary stop means for limiting the travel of suid linear
actuator in said second position.

12. The rotary clamp stated in claim 11, wherein said

resetting means further comprises:

a reciprocal member slidably disposed in 1 wall of suid
housing and moving between a retracted position,
wherein said reciprocal member abuts said wall inside
of said housing, and an extended position, wherein said
reciprocal member may engage and move said linear
actuator toward said first position to resct said converl-
ing mcans, and said reciprocal member providing a
secondary stop when in said retracted position to limit
the trave! of said linear actuator when in said second
position.

13. The rotary clamp stated in claim 7, wherein said

convening means further compriscs:

cam means for supponing und guiding movement of suid
lingar actuator wlong said elongated slot means.

14, The rotary clamp stated in claim 13 wherein suid

supporting and guiding cam means further comprises:

a pair of spaced guide lobes integral with and extending
radially from saidt pivot pin for cngaging and suppod-
ing said rod end against linkage forces directing said
rod end toward suid pivot pin.

15, A rotary clamp for a linear acsuator comprising:

an enclosed heusing coupled to said lincar actuator

wherein said lincar actuator has a eylinder conneeted to

said housing and a reciprocal piston cennccted 10

piston rod projecting from said cylinder, and said

housing having an clongated guide slot having a lon-

gitudinal axis for receiving said piston rod:

rod end connected 0 said piston rod for reciprocal

moverment, said rod end slidably guided and received

by suid guidc slot in said housing;

a pivet pin having a cylindrical body porten and a
cylindrical ¢nd portion larger than said pivot pin body
portion, and said body pertion rotatably supporied by
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said housing having at least one end extending cxter-
natly from said housing;

a lever arm integral with and exiending {rom said pivot
pin body portion and disposed in said housing;

a linkage member having one ¢nd pivotally connected 10
said lever arm and another end connected to said rod
end for transforming reciprocal linear movement of
sgid rod end into angular rotary movement of said pivot
pin;

a pivol pin end portion seated in 4 recess in said housing
and connected to said end of said pivot pin body
portion;

a clamp arm connected to said pivot pin end portion
external to said housing for movemen: between a
clamped position and an unclamped position;

a primary stop integral with and extending from said pivot
pin body partion, and said primary stop engagable with
an internal surfzce of said housing when said clamp
arm is in said clamping position to ensure the position
of said clamp arm when in said clamping position;

a reciprocal member having a body portion and two end
portions intcgral with and larger than said body portion,
and said reciprocal member slidably disposed in 2 wall
of said housing wherein one of said two end portions
remains external o said housing and the other of the
two cnd portiens remain internal to said housing;

said reciprocal member manuaily resetting said rod end
by engaging and moving said rod end toward said first
position.

a pair of substantizlly parzllel guide lobes integral with
and extending radially outward from said pivot pin
body portion for engaging and supporting said rod end
along said guide slot; and

said reciprocal member providing a secondary siop when
said rod end engages and displaces said reciprocal
member against said wall of said housing for limiting
the wavel of said rod cnd in said second position to
prevent said linkage member {rom traveling to said
ovcr-cenler position.

16. & rotury clamp for 2 linear actuator comprising:

a housing having an clongated stou means for receiving
and guiding said linear actuator;

a pivot pin rotatably supporied by said housing;

mcans for pivatally linking said pivot pin to said lincar
actuator for transforming reciprocal movement of said
linear actuator between said {irst position and a second
position into rotary motion of said pivot pin between an
unclamped position and a clamped position, respec-
tively: and

cam means for guiding and suppenting said linear actua-
tor, and said cam means having a pair of substantiaily
parallel puide lobes extending radially outward from
said pivot pin for engaging and supporting said linear
actuator from linkage forces directing said lincar actuu-
tor toward said pivot pin.
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