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ADJUSTABLE LINK-TYPE INSERTION 
COMPLIANCE DEVICE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

FIELD OF THE INVENTION 

This invention relates to the mechanical assembly of 
component parts, and, more particularly, to a link-type 
insertion compliance device for the assembly of mating 
parts which are slightly misaligned. 

BACKGROUND OF THE INVENTION 

The number of man hours devoted to assembly sel 
dom occupies less than 10% of the labor force in any 
industry and may require more than one third of the 
total work force in some instances. In an effort to im 
prove manufacturing productivity, increasingly con 
centrated efforts have been undertaken to design auto 
mated devices capable of assembling mating parts or 
components in applications such as inserting a pin or 
bolt into an ori?ce, shafts into bearings, bearings into 
bores and similar operations. Advanced automated as 
sembly devices or robots may be programmable, and 
have been utilized to assemble more complicated items 
such as alternators for vehicle engines and similar 
“stack” products where all components parts can be 
added from a single direction. Many of the devices 
developed to data share the advantages of requiring no 
separate energy sources, no people, and no sensors or 
servos for operation. 

Regardless of the sophistication of assembly machin 
ery, difficulties have been encountered in accommodat 
ing misalignment between mating parts particularly for 
small clearance ?ts of low aspect ratio using machine or 
tooled assembly methods. In any system which does not 
use manual tactile feed-back (feel) and manual manipu» 
lation, such insertion is a problem. Whether resulting 
from the design of the mating parts, through normal 
process variations or by unavoidable error, misalign 
ment between mating parts can create wedging, jam 
ming and damage to the parts during the assembly oper 
ation. In addition, the mechanisms which deliver either 
one or both of the mating parts to a position for assem 
bly may not provide precise registration of such parts 
relative to each other which could create further mis 
alignment. Thus, robots, manipulators, and other auto 
mated assembly devices which do not depend on skillful 
manual manipulation techniques, must include means to 
accommodate misalignment between mating parts to 
avoid jamming or wedging and reduce excess insertion 
loads. 
US. Pat. Nos. 4,098,001 to Watson and 4,155,169 to 

Drake et a] are examples of prior art insertion compli 
ance systems designed to accommodate misalignment 
between mating parts during assembly without manual 
manipulation and without excess insertion loading. The 
devices described in both of these patents are directed 
to the problem of inserting a pin into a bore. Transla 
tional ?exible elements and rotational ?exible elements 
having speci?c compliances are positioned in a particu 
lar geometrical relationship to project a center of com 
pliance or elastic center at or near the end of the pin to 
be inserted within the bore. To achieve optimal perfor 
mance, the systems of Watson and Drake et al require 

20 

45 

65 

2 
relatively precise positioning of the flexible elements 
and control of the magnitude of their compliance char 
acteristics, particularly the rotational ?exible elements, 
to accurately project the center of compliance to the 
desired location along the pin. Such design criteria 
increases the expense of the devices both in terms of 
material and fabrication costs. In addition, since the 
position of the ?exible elements and their compliance 
characteristics are ?xed, the location of the center of 
compliance is also ?xed. This means that in order to 
obtain an optimal level of effectiveness in an assembly 
operation, the position of the insertion end of each part 
to be assembled must be the same. Therefore, the utility 
of such devices is signi?cantly limited in assembly oper~ 
ations where the automated equipment is required to 
assemble a variety of parts having different length di» 
mensions. 

SUMMARY OF THE INVENTION 

The subject invention provides an insertion compli 
ance device consisting of a series of link elements dis 
posed along the longitudinal axis of the device which 
are pivotally interconnected at selected locations. One 
or more of the pivot connections is capable of permit 
ting vertical movement of one link relative to the other 
to vary the distance between adjacent pivot points. As 
discussed below, an adjustment of the relative locations 
between pivot points results in a corresponding varia 
tion in the location of the center of compliance of the 
insertion device herein. The optimum condition of pro 
jecting the center of compliance at or near the lead end 
of the object to be inserted is thus easily obtained for a 
wide variety of parts having different length dimen 
sions. 
The insertion device of the subject invention need not 

be fabricated with a high degree of manufacturing pre 
cision in contrast to the prior art devices described 
above. In addition, the present invention may be formed 
as a long, slender envelope which lends itself to the 
spindle-like configurations of most tooling. 

Therefore it is an object of the present invention to 
provide an insertion device capable of varying the loca 
tion of its center of compliance with a simple adjust 
ment. 

It is another object herein to provide an insertion 
device consisting of link elements pivotally intercon 
nected at selected locations, wherein at least one of the 
pivot connections is moveable to vary the vertical dis 
tance between adjacent pivot points which in turn var 
ies the location of the center of compliance of the de 
vice. 

It is a further object of the subject invention to pro 
vide an insertion device which may be fabricated with 
out a high degree of manufacturing precision in a com 
pact configuration capable of being retro?tted at mini 
mal expense in a variety of applications. 

DESCRIPTION OF THE DRAWINGS 

Objects in addition to the foregoing will become 
apparent upon consideration of the following descrip 
tion taken in conjunction with the accompanying draw 
ings wherein: 

FIG. 1 is a front view of one embodiment of the 
insertion compliance device herein having two degrees 
of freedom of movement in a single plane. 
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FIG. 2 is a partial front view of the initial stage of 
insertion of a pin into the bore of a mating part, includ 
ing the resulting free body force diagram. 

FIG. 3 is a partial front view of an advanced stage of 
insertion ofa pin into the bore of a mating part, includ 
ing the resulting free body force diagram. 

FIG. 4 is a partial front view of an alternate embodi 
ment of the subject invention having spherical bearing 
means. 

FIG. 5 is a front view in partial cross section of the 
device shown in FIG. 4. 

FIG. 6 is a front view in partial cross section of an 
alternate embodiment of the subject invention. 
FIG. 7 is a front view in partial cross section of still 

another embodiment of the subject invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now to the drawings and in particular to 
FIGS. 1—3, one embodiment of the link-type insertion 
compliance device of the subject invention is labeled 
generally with a reference 11. Insertion device 11 in 
cludes a pair of link elements 13 and 15 disposed one 
above the other along a common axis. Link 13 is 
mounted to an upper support 17 at a pivot a, formed 
with a pin 18 moveable in a slot 20, about which link 13 
can freely rotate and slide vertically therealong. Link 15 
is pivotally mounted to a pivot e which attaches to a 
lower support 19. Upper and lower supports 17 and 19 
form part of a machine frame (not shown) which is 
operable to reciprocate insertion device 11 toward and 
away from the bore 35 of mating part 37 (See FIG. 2). 
The ends of links 13 and 15 opposite points a and e 
respectively are joined together by a concentrated com 
pliance labelled generally as c in FIG. 1. Compliance c 
may be formed ofa variety ofspring elements but in the 
preferred embodiment herein an elastomeric sandwich 
consisting of alternating layers of rigid material and 
elastomer bonded together is utilized. 

Insertion device 11 further includes a bracket 21 hav 
ing a chuck 23 capable of receiving the pin 25 for inser 
tion into the bore 35 of mating part 37. Bracket 21 is 
formed with an upper arm 27 pivotally attached to link 
13 at pivot b, and a lower arm 29 pivotally attached to 
link 15 at pivot d. Pivot b includes a pin 31 attached to 
upper arm 27 which is vertically moveable within an 
elongated slot 33 formed in link 13 to vary the relative 
distances between upper arm 27, pivot a and compli 
ance c for purposes to become apparent below. 
As is well known, the elastic center or center of com 

pliance may be de?ned as a point at which the applica 
tion of a pure force will produce a pure translation. and 
the application of a pure moment will produce a pure 
rotation about such point. In the context of an insertion 
operation, discussed more fully below, the pin or other 
part to be inserted within a bore or other cavity of a 
mating part is subjected to lateral forces, moments, and 
vertical forces. The magnitude of such forces will be 
dependent upon serveral factors; for example. the verti 
cal forces in a press ?t will be larger than the vertical 
forces for a slip Fit and the lateral forces and moments 
will depend on the degree of lateral and angular mis 
alignment encountered between the mating parts. As 
discussed in the prior art cited above. minimal insertion 
forces are obtained by projecting the elastic center or 
center of compliance at or near the lead end ofthe part 
to be inserted. The application of lateral forces, mo 
ments and vertical forces to the pin during the insertion 
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operation will thus produce pure translation and pure 
rotation at the lead end of the pin to minimize insertion 
loads. 
The primary limitation of prior art devices, as men 

tioned above, is that they are of fixed geometry and 
fixed compliance characteristics. The center of compli 
ance is projected to a point at or near the insertion end 
of a part having a given length such that the insertion 
operation may be accomplished with minimal wedging, 
jamming or damage to the part. Such devices are thus 
inappropriate for use in assembly operations wherein 
parts of various lengths are to be assembled. In addition, 
the physical size of prior art devices generally limits 
retro-?tting to existing automated machinery without 
costly alterations. The subject invention solves this 
problem by providing a compact insertion device hav 
ing means to adjust the location of its center of compli 
ance to accommodate parts of varying length. 
An examination of the kinematics of insertion device 

11 will reveal its adjustability and operation. It should 
be noted that the distances indicated on FIG. 1 repre 
sent the spacing between pivots a, b, d, e and compli 
ance c in the at rest or unstressed condition. As dis 
cussed above, links 13 and 15 are pivotally attached to 
supports 17 and 19 by pivots a and e respectively, which 
in turn attach to the machine foundation (not shown). 
The movement of bracket 21 is thus dependent upon the 
rotation and translation of links 13 and 15 in response to 
the application offorces and moments to pin 25. Assum 
ing compliance 0 is moved arbitrarily to the right, link 
13 rotates about pivot a and link 15 rotates about pivot 
e. Since compliance c is common to both links 13 and 15 
they will travel the same distance to the right at that 
point, assuming no forces are applied to bracket 21. In 
response to the same force applied at compliance c. the 
pivots b and d will also move to the right over a lesser 
distance. The relative magnitude of the motions of piv 
ots b and d will depend upon the relationship of the 
dimensions ab, bc, cd and de. If the length of link 13 is 
equal to the length of link 15, the movement of pivots b 
and d will be equal where dimensions ab and de are 
equivalent. If ab is not equal to de, the ratio of the 
movement at pivot b compared to the movement at 
pivot d depends upon the ratios ab/ac and de/ce. Thus, 
the translation and rotation of bracket 21, and in turn, 
pin 25, is a direct result of the relative motions of pivots 
b and (1. 

Considering the geometry of insertion device 11 as 
shown in FIG. 1, the center of compliance 32 is located 
a distance D from the pivot d on link 15. The distance 
D may be determined using the following relationship: 

D : bd ill 

:V 
(‘W .- 1 ) 

, I i ac 

Where. .W ~ "b 

,. i re 

N T de 

If the links 13 and 15 are equal in length. ac=ce. the 
expression reduces to: 
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It can be appreciated by an examination ofthe equations 
(1) and (2) above that the position of the center of com 
pliance 32 may be varied by changing the distances 
between pivots a, b, d or e. For purposes ofillustration, 
pivot b is shown in FIG. 1 with an elongated slot 33 
along which a pin 31 is moveable upwardly and down 
wardly to vary the distance ab in equation (2). It should 
be understood however that other means of adjustabil 
ity could be incorporated into insertion device 11 to 
vary the distances ac, ab, ce or de, and the slotted pivot 
b is used for purposes of illustration. 

Referring to equation (2) and starting with (ac) 
/(ab)=(ce)/de), it is apparent that by moving pin 31 
downwardly along slot 33 and thus increasing the di 
mension ab, the location of center of compliance 32 will 
move a proportional distance upwardly relative to 
bracket 21 and [pivoted] pivot d. Movement of pin 31 
upwardly along slot 33, which decreases the dimension 
ab, causes the center of compliance 32 to be located a 
greater distance D from pivot d for accommodating a 
pin 25 of greater length than that shown in FIG. 1, as 
long as ab is greater than de. Once the dimension ab is 
adjusted to locate the center of compliance 32 at or near 
the insertion end of a part of given length, pin 31 is 
secured vertically within slot 33 (while being free to 
rotate therewithin) in preparation for an insertion oper 
ation as discussed below. Considering the particular 
geometry of the insertion device 11 shown in FIG. 1, 
projection of a center of compliance 32 to a point re 
mote from bracket 21 will occur where the dimension 
ab is greater than tie, with ac=ce. Therefore, a simple 
adjustment of the location of pivot b along link 13, and, 
correspondingly, pin 31 within slot 33, provides a corre 
sponding change in the location of the center of compli 
ance 32 to a point at or near the lead end of a pin 25 or 
other parts having varying length dimensions. 

Referring now to FIGS. 2 and 3, the operation of 
insertion device 11 will be considered in connection 
with the problem of inserting pin 25 into the bore 35 of 
a mating part 37. For purposes of discussion, mating 
part 37 is both laterally and angularly misaligned with 
the longitudinal axis of pin 25. It should be understood, 
however, that the insertion device 11 herein is also 
capable of correcting only lateral or angular misalign 
ment between pin 25 and the bore 35 of mating part 37. 
To begin the insertion operation, the assembly machine 
(not shown) moves downwardly to place pin 25 into 
contact with the chamfer 39 of bore 35. This represents 
the initial single-point-contact stage of what may be 
described as a two-stage reaction of insertion device 11 
to accomplish a complete insertion operation. As shown 
in the free body force diagram in FIG. 2, the insertion 
forces acting on pin 25 during the single-point-contact 
stage of the insertion operation include a vertical com> 
ponent (F11), a lateral component (FM) and a frictional 
component (PS1) acting parallel to the surface of cham 
ber 39 which resists movement of the pin 25 therealong. 
By locating the center of compliance 32 at the insertion 
end of pin 25, the lateral force component FL; acting on 
the end of pin 25 produces a pure translation causing 
bracket 21 and pin 25 to move laterally to the right. As 
a‘ result. pivots b and d both move an equal distance to 
the right. Since the dimension ab is greater than de and 
the dimensions ac and ce are equal, link 13 rotates in a 
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6 
counterclockwise direction through a smaller angle 
than the rotation of link 15 in a clockwise direction. 
Such differing magnitudes of angular rotation causes 
the point of connection of link 15 to compliance c to 
move laterally to the right a greater distance than the 
corresponding point of connection of link [14] 13 to 
compliance c. This produces a compression de?ection 
and load across compliance c. The compliance c thus 
allows differing lateral movements of the ends of link 13 
and 15 connected thereto, which in turn permits pin 25 
to translate laterally to the right and enter bore 35 of 
mating part 37. 
As insertion proceeds, the end of pin 25 slips past the 

lower edge 40 of chamfer 39 and continues at the initial 
misalignment angle toward a point 36 on the opposite 
side wall bore 35. Pin 25 maintains contact with the 
edge 40 of chamfer 39 during this portion of the inser 
tion operation with the only force opposing insertion 
being the friction load between pin 25 and the edge 40 
of chamfer 39. Insertion progresses with a constant 
friction load until pin 25 contacts point 36 on the oppo 
site side wall of bore 35. At this point in the insertion 
operation, pin 25 contacts bore 35 in two places; one 
being the edge 40 of chamfer 39 and the other being 
point 36 on the opposite side wall of bore 35. This initi 
ates the second phase of the insertion reaction which 
may be identi?ed as the two-point-contact stage. 

Further advancement of pin 25 into bore 35 produces 
the forces shown in FIG. 3. The normal loads FL; and 
FL3, acting at points 40 and 36 respectively, force pin 
25 to rotate in a clockwise direct about a point between 
the two points of contact. Since bracket 21 is connected 
to pin 25 and is rigid, it will rotate in a clockwise direc» 
tion about a point near the end of pin 25. As a result, 
pivot b de?ects laterally to the right over a greater 
distance than pivot d, with the relative magnitude to 
such de?ections being proportional to the respective 
distances of pivots b and d from the center of rotation, 
The de?ections of pivots b and d in the two-point-con 
tact stage of insertion, coupled with the attendant 
charges in the compressive forces acting on compliance 
c, are added to the de?ections generated at pivots b and 
cl and compliance 0 during the initial one-point-contact 
stage of the insertion operation to permit movement of 
bracket 21 so that the insertion of pin 25 within bore 35 
of mating part 37 can be completed. 
The vertical forces acting on insertion device 11, 

which are primarily components of the frictional forces 
applied to pin 25, place link 15 in tension since lower 
arm 29 of bracket 21 is disposed vertically above the 
?xed pivot e of link 15v Since pivots a and b of link 13 
are in effect slip joints, they will react lateral loads but 
not tensile loads. The magnitude of vertical loads im 
posed on link 15 will be dependent on the type of fit for 
which insertion device 11 is to be utilized. For example, 
vertical forces associated with a press ?t would be 
much higher than those imposed for slip ?t applications 
and the tensile strength of link 15 may be speci?ed 
accordingly. 
As is apparent from viewing FIG. 1, insertion device 

11 is capable of translating only in the plane of the page 
on which FIG. 1 is drawn, since pivots a, b, d, and e are 
not spherical in con?guration. Thus, relatively precise 
alignment of pin 25 with the bore 35 of mating part 37 
would be required in the plane of the page on which 
FIG. 1 is drawn for insertion device 11 to successfully 
operate. This limitation is overcome in the embodiments 
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of the subject invention shown in FIGS. 4-7 in which 
pivots a, b, d and e are formed as spherical bearings 
having various con?gurations to permit pin 25 to trans 
late laterally in any plane perpendicular to the longitu~ 
dinal axis of the devices. 

Referring now to FIGS. 4 and 5, an insertion compli 
ance device in which spherical bearings are utilized is 
labelled generally with the reference 41. The spherical 
bearings of insertion device 41 labelled a, b, d and e 
correspond directly to pivots a. b, d and e of FIG. 1. In 
addition, the location of center of compliance 32 is 
determined using the same relationship between the 
distances which separate pivots a. b. d, e and compli 
ance c as discussed above in connection with FIG. 1. 

Insertion device 41 includes a generally cylindrical 
shaped sleeve forming part of the machine foundation 
43 which extends virtually along the entire length of 
insertion device 41. A cylindrical sleeve 45, correspond 
ing to bracket 21 of FIG. 1. is concentrically disposed 
within machine foundation 43 and extends from the 
upper end thereof to a position below its bottom edge. 
Sleeve 45 increases in diameter adjacent to pivot d and 
continues downwardly below the base of machine foun 
dation 43 where a chuck 23 is attached for holding pin 
25 during the insertion operation. 

Each of the spherical pivots a, b, d and e includes [a 
collar 47,] bearing seats 49 and a bearing ball 51. The 
[collar 47 of] pivot e is mounted to the bottom portion 
of machine foundation 43[, and] by a collar 47 that 
receives bearing seats 49 in which bearing ball 51 is 
slideably disposed. Pivot d is mounted in a similar fash 
ion to the [base] adjacent portion of sleeve 45. A link 
element 53, corresponding to link 15 of FIG. 1, is 
disposed between and attaches to pivots d and e by 
means of a washer 54 and nut 56, and extends upwardly 
to its attachment to compliance c as in FIG. 1. A 
second link element 55, corresponding to link 13 of 
FIG. 1 is secured at its lower end to compliance c and 
continues upwardly to pivot b and then to pivot a 
which is mounted to the upper end of machine founda 
ion 43. 
Second link element 55 includes means to adjust the 

location of the center of compliance 32 of insertion 
device 41. The bearing seats 49 of pivot b slideably 
engage the inner walls of sleeve 45 adjacent its upper 
end. Bearing ball 51 of pivot b includes a cylindrical 
adjustment extension 57 which extends upwardly from 
pivot b concentric with and along the exterior surface 
of second link element 55. The adjustment extension 57 
is formed with interior threads 59 and exterior wrench 
?ats 61 on the upper end thereof. The interior threads 
59 of adjustment extension 57 engage with a threaded 
section 63 formed along a portion of second link ele~ 
merit 55. 
Adjustment of the center of compliance 32 of inser 

tion device 41 is accomplished by using the wrench flats 
61 to rotate adjustment extension 57, which, in turn. 
moves pivot b upwardly and downwardly along the 
threaded section 63 ofsecond link element 55. By rotat 
ing adjustment extension 57 in the counterclockwise 
direction. pivot b slides downwardly along the inner 
walls of sleeve 45 thus increasing the distance between 
pivot b and pivot a. As discussed above, an increase in 
the distance ab between pivot b and pivot a causes the 
center of compliance 32 to move upwardly relative to 
insertion device 41, if aczce and the dimension ab is 
greater than de. Upward sliding movement of pivot b 
along sleeve 45, caused by rotating adjustment exten 
sion 57 in the clockwise direction, moves the center of 
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compliance 32 of insertion device 41 downwardly from 
the location shown in FIGS. 4 and 5. While a mechani» 
cal adjustment of the cylindrical adjustement extension 
57 is shown in the Figures, it is contemplated that hy 
draulic or pneumatic means may be provided to auto~ 
matically rotate adjustment extension 57 in sequence 
with the insertion operation to accommodate parts of 
varying lengths. 
The forces and moments applied to insertion device 

41 are essentially identical to those discussed above in 
connection with insertion device 11 of FIG. 1. More 
over, the reaction of insertion device 41 to such forces 
and moments may be described with reference to the 
behavior of insertion device 11 during an insertion oper 
ation. As mentioned above. sleeve 45 ofinsertion device 
41 corresponds to bracket 21 of insertion device 11. 
Link elements 53 and 55 of FIGS. 4 and 5 correspond to 
links 15 and 13 of insertion device 11 respectively. At 
the initial one-point contact stage of the insertion opera 
tion, the lateral force urging pin 25 to the right (see 
FIG. 2) causes sleeve 45 to move laterally to the right. 
Pivots b and d will be laterally displaced by the same 
amount. 
The lateral forces produced at points 39 on chamfer 

40 and 36 on the sidewall of bore 35 during the two 
point contact stage of the insertion operation, rotate pin 
25 in a clockwise direction about a point therebetween. 
If that point of rotation corresponds to the center of 
compliance 32 of insertion device 41. pivots b and d 
displace laterally to the left with the displacement of 
pivot b being greater than that of pivot d to allow pin 25 
to continue into bore 35. Where the point of rotation is 
offset from the center of compliance 32, the movement 
of sleeve 45 and pivots b and d may be considered as 
being the combination of a clockwise rotation about the 
center of compliance 32 and a translation laterally to the 
left. In either case, insertion device 41 accommodates 
the lateral forces produced during the two-point 
contact stage of the insertion operation to permit con 
tinued movement of pin 25 into bore 35 of mating part 
37. 
The vertical forces produced during the insertion 

operation, which are components of the frictional 
contact between pin 25 and points 39 and 36, are carried 
by insertion device 41 in the following manner. The 
chuck 23 transmits vertical forces to sleeve 45 which in 
turn are applied to pivot d. From pivot d, such forces 
are transmitted through link element 53 to the bearing 
[sects] seats 49 and collar 47 of pivot e and then to 
machine foundation 43. 

Referring now to FIG. 6, an insertion device labelled 
generally with the reference 70 is shown. Insertion 
device 70 is similar to insertion device 41 except that 
insertion 70 incorporates elastomeric pivots a, b, d and 
e which introduce a finite compliance throughout the 
system. Each of the elastomeric pivots a, b, d and e 
includes an elastomeric section 71 disposed between 
and attaching to an inner member 73 and outer member 
75 of the bearing. The outer member 75 of pivot e is 
bonded or otherwise secured to the base of machine 
foundation 43. and its inner member 73 is held in place 
by means of a washer 77 and nut 79. Pivot d is attached 
in a similar manner to the base of sleeve 45. 

The center of compliance 32 of insertion device 70 is 
adjusted in a manner similar to that for insertion device 
41 with a slight variation. The adjustment extension 57 
attached to pivot b extends upwardly concentric with 
link element 55 and [into engagement with a] includes 
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an integral nut 81 which is disposed along an upper 
threaded portion 83 of link element 55 above pivot a. 
Rotation of nut 81 causes [pilot] pivot b to slide up 
wardly and downwardly along the inner surface of 
sleeve 45, which changes the distance between pivot b 
and compliance c with the attendant change in the loca 
tion of center of compliance 32 as discussed above. It is 
contemplated that the means of adjusting the center of 
compliance 32 in insertion devices 41 and 70 may be 
interchanged with one another depending on space 
considerations and other design factors associated with 
a particular application. 
The physical response of insertion device 70 to the 

forces and moments applied in an insertion operation is 
similar to that of insertion device 41. However, with the 
addition of a compliance characteristic at each of the 
pivots in insertion device 70, the effect of compliance c 
on the overall system compliance as compared to inser 
tion device 41 is reduced. In fact, in some applications it 
is contemplated that satisfactory performance can be 
obtained with the elimination of compliance c. It can be 
appreciated that the characteristics of insertion device 
70 may be widely varied by altering the compliance 
characteristics of the pivots a, b, d and e and of compli 
ance c, to obtain the desired performance and the most 
economical design in a large number of applications. 
A still further embodiment of the insertion device of 

the subject invention is shown in FIG. 7 and labelled 
generally with the reference 85. Insertion device 85 
embodies the fundamental relationship between pivot 
points to project the center of compliance 32 as con 
tained in insertion devices 11, 41 and 70, but the cou 
pling arrangement between pivot points is quite differ 
ent. As in the embodiments of FIGS. 4-6, a sleeve 45 is 
concentrically disposed within machine foundation 43 
and extends downwardly from the base thereof. A 
chuck 23 is attached to the base of sleeve 45 which is 
operable to hold pin 25 during the insertion operation. 
A spherical pivoting action similar to that described 
above in connection with insertion device 70 is pro 
vided at pivots a, b, d and e along the length of insertion 
device 85. Unlike the embodiments of the subject inven 
tion described above, however, no compliance c is pro 
vided in insertion device 85. Where links 13 and 15 of 
insertion device 11 are coupled together through com 
pliance c as shown in FIG. 1, coupling is accomplished 
in insertion device 85 by different means as discussed 
below. I 

A lower link element 87 having outwardly extending 
shoulders 89 at its upper end is connected between 
pivots d and e. Pivot d includes a spherical elastomeric 
[spherical] bearing 7] similar to that described above 
in connection with insertion device 70, which is at 
tached to the base of machine foundation 43. Similarly, 
pivot e includes a elastomeric spherical bearing 71 
which is mounted to the base of sleeve 45. An upper link 
element 91 having outwardly extending shoulders 89 
formed at its lower end is connected between pivots a 
and b. Pivot a is disposed at the top of machine founda 
tion 43 and is formed in the configuration of an elasto 
meric tubeform 90 which includes an annular body of 
elastomer 92 disposed between and attaching to an inner 
sleeve 93 and an outer sleeve 95. The elastomeric tube 
form 90 of appropriate proportions will behave simi 
larly to a spherical elastomeric bearing. Outer sleeve 95 
slideably engages the inner surface of machine founda 
tion 43, while the inner sleeve 93 is threaded to engage 
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a correspondingly threaded portion 97 of upper link 
element 91. 
The location of the center of compliance 32 of inser 

tion device 85 may be varied, as in the above embodi 
ments of the subject invention, by changing the vertical 
distance between pivots a and b. This is accomplished in 
insertion device 85 by rotating tubeform 90 so that the 
threads ofinner sleeve 93 move vertically upwardly and 
downwardly along the threaded portion 97 of upper 
link element 91. The attendant changes in the location 
of the center of compliance 32 with a change in the 
distance between pivot a and pivot b have been noted 
above. 
As mentioned above, the compliance c is eliminated 

in insertion device 85 and replaced by alternate means 
of coupling upper and lower link elements 87 and 91. 
An elastomer layer 100 is attached to the shoulders 89 
of upper and lower [plates] elements 87 and 91 by 
vulcanization, adhesive coatings or any other suitable 
means. As shown in FIG. 7, the shoulders 89 extend 
laterally outwardly on each side of upper and lower link 
elements 87 and 91 and the shoulders 89 on either side of 
upper link element 87 align with those formed on oppo 
site sides of lower link element 91. A first push rod 103 
extends between the facing shoulders 89 on one side of 
upper and lower link elements 87 and 91, and attaches to 
the elastomer layer 100 bonded thereto. Similarly, a 
second push rod 105 is disposed between the facing 
shoulders 89 on the other side of upper and lower link 
elements 87 and 91, and is also attached to the elastomer 
layer 100 bonded thereto. Although not shown in the 
Figures an additional shoulder 89 may be formed on 
upper and lower link elements 87 and 91, spaced at a 
l20° interval from the other two shoulders 89, to ac 
commodate a third push rod (also not shown). 
The operation of insertion device 85 in response to 

the forces and moments produced during insertion of 
pin 25 into the bore 35 of mating part 37, is governed by 
the action of push rods 103 and 105. With the applica 
tion of a force F on pin 25 at the center of compliance 
32, lower link element 87 rotates about pivot d and 
pivot e moves laterally to the right. Due to the connec 
tion between pivot e and sleeve 45, the lower portion of 
sleeve 45 also moves to the right with pivot e. As pivot 
e moves to the right, push rod 105 is de?ected upwardly 
and push rod 103 is pulled downwardly. The move 
ments of push rods 103 and 105 are imparted to upper 
link element 91 at shoulders 89 causing it to rotate about 
pivot b thus placing elastomer layer 71 in shear. Such 
rotation drives the lower end of the upper link element 
91 laterally to the right relative to pivot a, and since 
pivot b is connected to sleeve 45, the upper portion of 
sleeve 45 also moves to the right. At this point, both the 
upper and lower portions of sleeve 45 have been driven 
to the right by force F to accommodate further inser 
tion of pin 25 into mating part 37. 
During the two-point contact stage of the insertion 

operation discussed above, the resultant lateral force 
applied to insertion device 85 [of] is opposite to force 
F. In response to such force, the deflections of pivots e 
and b and the action of push rods 103 and 105 will be 
essentially opposite to that described above for force F, 
thus allowing pin 25 to rotate in the clockwise direction 
and translate to the left (see FIG. 3) for further ad 
vancement into the bore 35 of mating part 37. 

In some applications such as inserting and driving a 
machine screw into a threaded bore, insertion devices 
41, 70 and 85 will be required to carry torque loads. The 
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insertion device 41 shown in FIGS. 4 and 5 would have 
to be altered slightly to accommodate torque loads, but 
such a modi?cation could be limited to replacing the 
spherical bearings at pivots d and e with double pin 
universal joints. Both ofthe insertion devices 70 and 85 
are capable of accommodating torque as they are shown 
in FIGS. 6 and 7. 
While the invention has been described with refer‘ 

ence to a preferred embodiment, it will be understood 
by those skilled in the art that various changes may be 
made and equivalents substituted for elements thereof 
without departing from the scope of the invention, In 
addition, many modi?cations may be made to adapt a 
particular situation or material to the teachings of the 
invention without departing from the essential scope 
thereof. Therefore, it is intended that the invention not 
be limited to the particular embodiment disclosed as the 
best mode for carrying out this invention, but that the 
invention will include all embodiments falling within 
the scope of the appended claims. 
What is claimed is: 
1. In an assembly machine operable to move a ?rst 

mating part into engagement with a second mating part 
for assembly thereof, the improvement comprising an 
insertion compliance device for accommodating mis~ 
alignment between said mating parts including: 

a ?rst pivot means mounted to said assembly ma 

chine; 
a second pivot means mounted to said assembly ma 

chine at a spaced interval from said ?rst pivot 
means; 

compliance means disposed between said ?rst pivot 
means and said second pivot means; 

a ?rst link element pivotally attached to said ?rst 
pivot means adjacent one end. and ?xed to said 
compliance means at the other end; 

a second link element pivotally attached to said sec 
ond pivot means adjacent one end, and ?xed to said 
compliance means at the other end; 

third pivot means mounted along said ?rst link ele 
ment between said ?rst pivot means and said com 
pliance means; 

fourth pivot means mounted along said second link 
element between said second pivot means and said 
compliance means; 

a third link element pivotally mounted to said third 
pivot means and said fourth pivot means, said third 
link element including holding means operable to 
hold said ?rst mating part during said assembly 
operation; 

at least one of said pivot means including adjustment 
means, said adjustment means being operable to 
translate said at least one of said pivot means rela 
tive to the other pivot means for varying the loca 
tion of the center of compliance of said insertion 
compliance device, whereby ?rst mating parts of 
various lengths may be inserted within correspond 
ing second mating parts with minimal wedging, 
jamming and reduced insertion loads. 

2. The insertion compliance device of claim 1 
wherein said compliance means is a plurality of alternat 
ing layers of elastomeric material and rigid material 
bonded together. 

3. The insertion compliance device of claim 1 
wherein each of said pivot means is a spherical bearing. 

4. The insertion compliance device of claim 3 
wherein said spherical bearing includes [a collar,] 
bearing seats and a bearing ball, 
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5. The insertion compliance device of claim 3 

wherein said spherical bearing includes a layer of elasto 
meric material disposed between and attaching to an 
inner member and an‘ outer member, 

6. The insertion compliance device of claim 1 
wherein said adjustment means includes extension 
means connected to said third pivot means, said exten 
sion means being disposed concentric with and extend 
ing along the outer surface ofsaid ?rst link element. said 
extension means having an inner threaded portion en» 
gageable with an outer threaded portion formed along 
said ?rst link element, said third pivot means being 
moveable with said extension means along said ?rst link 
element upon rotation of said extension means thereby 
varying the distance between said ?rst pivot means and 
said third pivot means, said variation in distance be 
tween said ?rst and third pivot means resulting in a 
corresponding variation in the location of the center of 
compliance of said insertion compliance device for ac» 
commodating ?rst mating parts of differing lengths. 

7. The insertion compliance device of claim 1 
wherein said adjustment means includes extension 
means connected to said third pivot means, said exten 
sion means being disposed concentric with and extend 
ing along the outer surface of said ?rst link element, said 
extension means having an inner threaded portion en‘ 
gageable with an outer threaded portion formed along 
said ?rst link element. said third pivot means being 
moveable with said extension means along said ?rst link 
element upon rotation of said extension means thereby 
varying the distance between said ?rst pivot means and 
said third pivot means, the distance of said center of 
compliance relative to said insertion compliance device 
being increased by increasing the distance between said 
?rst and third pivot means, and the distance of said 
center of compliance relative to said insertion compli 
ance device being reduced by reducing the distance 
between said ?rst and third pivot means where said ?rst 
and second link elements are equal in length. 

[8. In an assembly machine operable to move a ?rst 
mating part into engagement with a second mating part 
for assembly thereof, the improvement comprising an 
insertion compliance device for accommodating mis 
alignment between said mating parts including: 

a ?rst spherical pivot means mounted to said assem~ 
bly machine; 

a second spherical pivot means mounted to said as 
sembly machine at a spaced interval from said ?rst 
pivot means; 

compliance means disposed between said ?rst spheri 
cal pivot means and said second spherical pivot 
means; 

a ?rst link element pivotaly attached to said ?rst 
spherical pivot means adjacent one end, and ?xed 
to said compliance means at the other end; 

a second link element pivotally attached to said sec 
ond spherical pivot means adjacent one end. and 
?xed to said compliance means at the other end: 

third spherical pivot means mounted along said ?rst 
link element between said ?rst spherical pivot 
means and said compliance means; 

fourth spherical pivot means mounted along said 
second link element between said second spherical 
pivot means and said compliance means; 

a third link element pivotally mounted to said third 
spherical pivot means and said fourth spherical 
pivot means. said third link element including hold 
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ing means operable to hold said ?rst mating part 
during said assembly operation; 

at least one of said spherical pivot means including 
adjustment means, said adjustment means being 
operable to translate said at least one of said spheri 
cal pivot means relative to the other spherical pivot 
means for varying the location of the center of 
compliance of said insertion compliance device to a 
point near the insertion end of said ?rst mating 
part, whereby ?rst mating parts of various lengths 
may be inserted within corresponding second mat 
ing parts by operation of said adjustment means 
with minimal wedging, jamming and reduced in 
sertion loads] 

[9. The insertion compliance device of claim 8 
wherein said compliance means is a plurality of alternat 
ing layers of elastomeric material and rigid material 
bonded together] 

[10. The insertion compliance device of claim 8 
wherein said spherical bearing includes a collar, bear 
ing seats and a bearing ball.] 

[11‘ The insertion compliance device of claim 8 
wherein said spherical bearing includes a layer of elasto 
meric material disposed between and attaching to an 
inner member and an outer member] 

[12. The insertion compliance device of claim 8 
wherein said adjustment means includes extension 
means connected to said third spherical pivot means, 
said extension means being disposed concentric with 
and extending along the outer surface of said ?rst link 
element, said extension means having an inner threaded 
portion engageable with an outer threaded portion 
formed along said ?rst link element, said third spherical 
pivot means being moveable with said extension means 
along said ?rst link element upon rotation of said exten~ 
sion means thereby varying the distance between said 
?rst spherical pivot means and said third spherical pivot 
means, said variation in distance between said ?rst and 
third spherical pivot means resulting in a corresponding 
variation in the location of the center of compliance of 
said insertion compliance device for accommodating 
?rst mating parts of differing lengths] 

[13. The insertion compliance device of claim 8 
wherein said adjustment means includes extension 
means connected to said third spherical pivot means, 
said extension means being disposed concentric with 
and extending along the outer surface of said ?rst link 
element, said extension means having an inner threaded 
portion engageable with an outer threaded portion 
formed along said ?rst link element, said third spherical 
pivot means being moveable with said extension means 
along said ?rst link element upon rotation of said exten 
sion means thereby varying the distance between said 
?rst spherical pivot means and said third spherical pivot 
means, the distance of said center of compliance relative 
to said insertion compliance device being increased by 
increasing the distance between said ?rst and third 
spherical pivot means, and the distance of said center of 
compliance relative to said insertion compliance device 
being reduced by reducing the distance between said 
?rst and third spherical means where said ?rst and sec 
ond link elements are equal in length] 

14. In an assembly machine operable to move a ?rst 
mating part into engagement with a second mating part 
for assembly thereof. the improvement comprising an 
insertion compliance device for accommodating mis 
alignment between said mating parts including: 
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a ?rst pivot means mounted to said assembly ma 

chine; 
a second pivot means mounted to said assembly ma~ 

chine at a spaced interval from said ?rst pivot 
means; 

a ?rst link element pivotally mounted adjacent one 
end to said ?rst pivot means, said ?rst link element 
being formed with at least two bearing surfaces at 
the other end thereof. said bearing surfaces having 
a layer of elastomeric material attaching thereto; 

a second link element pivotally mounted adjacent one 
end to said second pivot means, said second link 
element being formed with at least two bearing 
surfaces at said one end thereof corresponding to 
and aligning with said at least two bearing surfaces 
of said ?rst link element, said bearing surfaces hav 
ing a layer of elastomeric material attaching 
thereto; 

a third pivot means mounted adjacent said bearing 
surfaces at said one end of said ?rst link element: 

a fourth pivot means mounted adjacent the other end 
of said second link element; 

a third link element pivotally mounted to said third 
pivot means and said fourth pivot means, said third 
link element including holding means operable to 
hold said first mating part during said assembly 
operation; 

at least two push rod means extending between re 
spective ones of said bearing surfaces of said ?rst 
and second link elements, said at least two push rod 
means attaching to said elastomer layer of each of 
said at least two bearing surfaces and being move 
able therewith, said at least two push rod means 
acting to couple said ?rst link element to said sec 
ond link element for transmitting motion therebe 
tween; 

at least one of said pivot means having adjustment 
means, said adjustment means being operable to 
translate said at least one of said pivot means rela 
tive to the other pivot means for varying the loca 
tion of the center of compliance of said insertion 
compliance device to a point at or near the inser» 
tion end of said ?rst mating part, whereby ?rst 
mating parts of various lengths may be inserted 
within corresponding second mating parts by oper 
ation of said adjustment means with minimal wedg 
ing, jamming and reduced insertion loads. 

15. The insertion compliance device of claim 14 
wherein at least one of said pivot means is an elasto 
meric tube form including an annular layer of elasto 
meric material disposed between and attaching to an 
inner sleeve and an outer sleeve, and the remaining 
pivot means are spherical elastomeric bearings. 

16. The insertion compliance device of claim 14 
wherein said adjustment means is formed as a portion of 
said ?rst pivot means, said ?rst pivot means including an 
annular layer of elastomeric material disposed between 
and attaching to an inner sleeve and an outer sleeve, 
said inner sleeve having a threaded portion forming said 
adjustment means, said threaded portion of said inner 
sleeve being engageable with a correspondingly 
threaded portion formed along said ?rst link element, 
said ?rst pivot means being moveable along said 
threaded portion of said ?rst link element by rotation 
thereof, said rotation of said ?rst pivot means varying 
the distance between said ?rst and third pivot means 
resulting in a corresponding variation in the location of 
the center of compliance of said insertion compliance 
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device for accommodating ?rst mating parts oidifferent 
lengths. 

l 7. A remote center compliance device for use with an 
assembly machine or the like. comprising.‘ 

a linkage assembly including a plurality of innercon 
nected and relatively movable link elements each 
normally extending in substantially parallel relation 
ship to an elongate axis of the device.‘ 

?rst and second ones of said link elements being pivot 
ally connected to said machine and pivotally mount 
ing a third one of said link elements for rotation about 
a remote center of compliance disposed at a location 
adjacent an end of said third link and adjacent said 
axis,‘ 

and compliant means for permitting lateral translation 
ofat least said end ofsaid third link element relative 
to said axis in response to a lateral force directed 
adjacent said center of compliance. 

[8. A device as in claim 17, and further including ad 
justment means for aajustably varying the location of said 
center in the length direction of said axis. 

19. A device as in claim I 7. wherein said ?rst and second 
link elements mount said third link element for said rota 
tion thereof in any of a plurality of planes containing said 
axis 

20. A device as in claim I 7. wherein at least two of said 
link elements are normally in substantially concentric 
relationship with each other along at least part of the 
lengths thereof 

21. A device as in claim I 7. wherein each of said links is 
normally in substantially concentric relationship with an 
other of said links along at least part of the lengths thereof 

22. A device as in claim I 7, wherein said compliant 
means innerconnects said first and second ones of said link 
elements. 

23. A device as in claim 17, and further including a 
plurality ofpivot means for pivotally connecting said first 
and second ones of said link elements to said machine and 
forpivotally mounting said third one ofsaid link elements, 
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and adjustable means for adjustably varying the location of 40 
at least one of said pivot means. 

24. A device as in claim 17, and further including a 
plurality of pivot means for pivotally connecting said ?rst 
and second ones of said link elements to said machine and 
for pivotally mounting said third one ofsaid link elements, 45 
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and adjustable means for adjustably varying the distance 
between at least one of said pivot means and said compliant 
means. 

25. A remote center compliance device for use with a 
supported object and a foundation member comprising: 

linkage means innerconnecting said object and said 
foundation member and mounting said object for 
rotational and translational movement about a re 
mote center of compliance spaced from said device, 
said linkage means including a plurality of pivotally 
innerconnected link elements each normally extend 
ing in substantially parallel relationship to each other: 

and adjustable means operatively associated with said 
linkage means for adjustably varying the location of 
said remote center of compliance relative to said de 
vice. 

26. A device as in claim 25, wherein said adjustable 
means includes a rotatable member e?ective upon rotation 
thereof in a first direction to increase the spacing between 
said remote center of compliance and said device, and 
e fective upon rotation thereof in a second direction to 
decrease the spacing between said remote center of compli 
ance and said device. 

27. A device as in claim 26, wherein said one of elements 
is movable by said adjustable means to any selected one of 
said positions thereof 

28. A remote center compliance device for use with a 
supported object and a foundation member comprising. 

linkage means innerconnecting said object and said 
foundation member and mounting said object for 
rotational and translational movement about a re 
mote center of compliance spaced from said device, 
said linkage means including a plurality ofinnercon 
nected link elements and pivot elements, at least one 
of said elements being adjustably movable to any 
selected one of a plurality of positions relative to an 
other of said elements; 

adjustable means operatively associated with said link 
age means for adjustably varying the location of said 
remote center of compliance relative to said device: 

said one of said elements being releasably maintained by 
said adjustable means in a selected one of said posi 
tions thereof during use of said device. 
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