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(57) ABSTRACT 
A telescoping universal joint comprising a driving 
member, a driven member, torque transmitting means 
between the driving and driven member, and means for 
limiting the relative axial movement in both directions 
between the driving member and the driven member. 
The universal joint is described as being utilized to 
gether with a second universal joint in a transverse 
drive line of an automotive vehicle between a differen 
tial and a wheel or in a longitudinal drive line between 
a transmission and a differential. 

75 Claims, 16 Drawing Figures 
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1. 

TELESCOPING UNIVERSAL JOINTS 

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. 

This invention relates to universal joints in general. 
BACKGROUND OF THE INVENTION 

As is well known, universally jointed drive lines are 
often used to transmit a torque from a power source to 
a load which is movable with respect to the power 
source. Since they are able to pivot or flex, while trans 
mitting torque, universal joints are able to accommo 
date a variety of movements. However, in many cases, 
relative movements between the source and load re 
quire length changes as well as pivotal or angular move 
ments in the drive line. These length changes have long 
been accommodated by sliding splined connections and 
the like at some point in the drive line. More recently, 
universal joints have been designed which permit rela 
tive axial movement between their driving and driven 
members, thus, in some cases, avoiding the need for 
sliding splined connections. 

It is well known that a disadvantage of sliding or 
telescoping splined connections in drive lines is their 
high frictional resistance to telescoping under load. This 
can add greatly to the stresses on bearings and other 
members supporting the drive line. Another disadvan 
tage of such splined connections is their "stick-slip” 
characteristic, due to differences between static and 
dynamic sliding friction, which often causes the splines 
to telescope in an abrupt or jerky manner and which 
makes them undesirable for many applications which 
require smoothness and quietness. Replacement of tele 
scoping splines, where practical, with telescoping uni 
versal joints, i.e. joints allowing axial movement be 
tween their driving and driven members, greatly re 
duces these sliding spline problems. This is because 
telescoping universal joints are usually better lubricated 
internally than sliding splines, have their torque trans 
mitting surfaces farther from the axis of rotation, are 
less likely to have static conditions and static friction 
between torque transmitting surfaces and, in many 
cases, substitute rolling or quasi-rolling action for slid 
ing action at the torque transmitting surfaces. 

Because of this functional superiority and because of 
simplification sometimes possible by eliminating sliding 
splines, telescoping universal joints have become com 
mon in certain applications. However, their use is lim 
ited to applications requiring a relatively small length 
change since their stroke is severely limited by the need 
to compromise pivotal angular capacity to achieve long 
strokes and by the difficulty in sealing a universal joint 
which combines a long stroke with its pivotal move 
ment. Further, the usable stroke of such a joint is even 
less than that theoretically possible because the joint 
may come apart at the end of the theoretically possible 
stroke or because a functional part of the joint may 
strike some other member, causing noise, vibration and 
possible damage to the unit. Thus, a "margin of safety" 
is usually allowed at each end of the theoretical stroke 
to allow for these practical conditions, 
An object of this invention is to provide a telescoping 

universal joint having stroke limiting means which are 
able to sustain substantial axial forces and impacts dur 
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2 
ing normal joint operation and the engagement of 
which does not cause undesirable noise or vibration of 
the universal joint. 

Telescoping universal joints incorporating such 
stroke limiting means have many more potential appli 
cations than present joints because: The full theoretical 
stroke of the joint can be used; multiple joints can be 
used in series to accommodate greater length changes; 
and telescoping joints can be used in conjunction with 
telescoping splines and similar structures to produce 
novel interaction in the drive line. This latter combina 
tion is particularly suitable for a class of applications 
which requires only a relatively small length change in 
the drive line during normal operation but which re 
quires an additional provision for length changes to 
accommodate tolerances in the building of the machine, 
to permit assembly or disassembly of parts of the ma 
chine, or to accommodate occasional greater than nor 
mal length changes and the like. In these applications, a 
telescoping universal joint can accommodate normal 
length changes with low frictional resistance and little 
"stick-slip' tendency, while for greater length changes, 
the stroke limiting means of the joint prevents damage 
of disassembly of the universal joint and permits the 
excess stroke to be taken by sliding splines or other such 
mechanism in association with the universal joint. In 
many instances, a drive line will necessarily have splines 
or the like for other reasons and such splines can also be 
used to accommodate excess stroke. 

Thus, telescoping universal joints and telescoping 
splines can be combined in a novel manner with little or 
no penalty, provided only that the universal joint incor 
porates stroke limiting means sufficiently strong and 
servicable to transmit the relatively large axial forces 
needed to cause splines or the like to slide when re 
quired. Automobile and truck drive shafts often fall into 
this class of applications. 
Another object of this invention is to provide an 

alternative mechanical sealing means for telescoping 
universal joints for use in place of the flexible boot-type 
seals presently used. 

Further objects of this invention will become appar 
ent from the following detailed description taken in 
conjunction with the accompanying drawings. 

DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic rear elevational view of the 

final drive train for the independently sprung driving 
wheels of an automobile. 

FIG. 2 is a schematic side elevational view of the 
drive train of a conventional automobile with front 
engine and spring mounted rear driving axle. 
FIG. 3 is an elevational view of a part of a universal 

joint utilized in FIG. 5, 
FIG. 4 is a sectional view taken along the line 4-4 in 

FIG. 3. 
FIG. 5 is a longitudinal part sectional view of a drive 

shaft assembly embodying the invention. 
FIG. 6 is a longitudinal part sectional fragmentary 

view of a modified form of drive shaft assembly. 
FIG. 7 is a longitudinal sectional view of a modified 

form of drive shaft assembly. 
FIG. 8 is a fragmentary sectional view taken along 

the line 8-8 in FIG. 7. 
FIG. 9 is a fragmentary sectional view of a modified 

drive shaft assembly. 
FIG. 10 is a longitudinal sectional view of another 

modified form of drive shaft assembly. 
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FIG. 11 is a longitudinal sectional view of a modified 
telescoping universal joint. 

FIG. 12 is a longitudinal sectional view through a 
modified telescoping universal joint. 
FIG. 13 is a longitudinal sectional view through a 

further modified telescoping universal joint. 
FIG. 14 is a longitudinal sectional view through a 

further modified telescoping universal joint. 
FIG. 15 is a longitudinal sectional view through a 

further modified telescoping universal joint. 
FIG, 16 is a longitudinal sectional view through a 

further modified telescoping universal joint. 
DESCRIPTION 

FIGS. 1 and 2 indicate schematically two common 
applications which require changes of both length and 
angle in a universally jointed drive line. 

FIG. 1 shows a portion of an automobile including a 
differential 20 that drives wheels 21 through drive shaft 
assemblies 22 that include universal joints 23, 24 and a 
shaft 25. FIG. 2 shows an automobile drive train includ 
ing an engine 26, a transmission 27, a drive shaft assem 
bly 28 including two universal joints 28a, 28b, a differ 
ential 29, and an axle 30. 

Referring to FIG. 5, a drive shaft assembly 22 which 
can be utilized in the drive arrangement shown in FIG. 
1 comprises a flanged output member 31 from differen 
tial 20 driving universal joint 23, a connecting shaft 25 
by which universal joint 23 drives universal joint 24 and 
an output member 33, a part of universal joint 24, which 
drives wheel 21, not shown. 
As shown, the universal joint 24 is of conventional 

construction such as the well known bell type Rzeppa 
joint comprising an outer race 34 having grooves 35 and 
an inner race 36 having grooves 37 for receiving torque 
transmitting balls 38 and a ball cage 39 positioning balls 
38 with respect to grooves 35, 37. Shaft 25 is connected 
to the inner race 36 by a spline connection 40. A snap 
ring 41 in a groove in shaft 25 provides a stop to limit 
outward axial movement of shaft 25 relative to inner 
race 36. A boot 42 provides a seal to retain the lubricant 
within the universal joint. 
The universal joint 23 is of the general type shown in 

my U.S. Pat. No. Re. 26,691 and comprises an outer 
race 43, and an inner race 44 which have complemen 
tary grooves 45, 46 receiving torque transmitting means 
47. A boot 48 provides a seal to retain lubricant. 
As shown in FIGS. 3-5, the portion of the outer race 

43 having the grooves 45 therein is constructed such 
that the walls 49 between the grooves 45 have a central 
longitudinally extending straight portion 50 and arcuate 
end portions 51, 52. By this arrangement, the inner race 
44 can move longitudinally of the outer race 43 within 
predetermined limits, that is, until the arcuate surfaces 
53, 54 on the inner race 44 engage the surfaces 51, 52, 
respectively. This thus permits a predetermined longitu 
dinal movement of the drive shaft 25 relative to the 
outer race 43 and, in turn, the differential of FIG, 1. 

Additional longitudinal movement can be achieved 
through spline connection 40 and the movement of this 
spline connection 40 may also be limited by a shoulder 
55 and retaining ring 41. Shoulder 55 can engage the 
inner race 36 to provide limited movement in one axial 
direction and retaining ring 41 can engage the inner 
race 36 to provide such a limited movement in the op 
posite axial direction. 

In normal operation, vertical movement of wheel 21 
will cause angular movement of shaft 25 and changes in 
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4. 
the centerline distance between joints 23, 24. This nor 
mal movement is accommodated by the limited permis 
sible stroke of joints 23 embodying the invention. Addi 
tional stroke to accommodate manufacturing tolerances 
of the vehicle or extreme movement of wheel 21 is 
provided by the spline connection 40. With shaft 25 able 
to move axially relative to both joints 23, 24, and in the 
absence of any auxiliary shaft positioning device, its 
position is sometimes indeterminate. For example, if 
wheel 21 were in an extreme position, causing maximum 
extension in center distance between joints 23, 24 and if 
the shaft were transmitting little or no torque, so that 
splined connection 40 could telescope freely, transient 
inertia or other forces might cause the shaft to move 
inwardly with respect to joint 23 and outwardly with 
respect to joint 24. If the stroke permitted in joint 23 
were comparatively long, or if the length of engage 
ment of splined connection 40 were comparatively 
short, and if some method such as retainer ring 41 were 
not provided, splined connection 40 might become dis 
engaged. Conversely, if wheel 21 were in a position 
corresponding to minimum center distance length be 
tween joints 23 and 24 and if the shaft were transmitting 
little or no torque, transient forces might move the shaft 
outwardly with respect to joint 23 and inwardly with 
respect to joint 24 so that the end of shaft 25 might 
strike or rub against and damage or bind some other 
part of joint 24, were it not for shoulder 55. 

This illustrates a significant point, namely, that if a 
driveshaft contains a telescoping universal joint and a 
telescoping splined connection in series, or two tele 
scoping universal joints in series, and does not have 
other means for positioning the intermediate shaft be 
tween the telescoping connections, the stroke of each 
telescoping connection must have functional limiting 
means in each axial direction if the full stroke potential 
of both telescoping connections is to be utilized. In this 
discussion, stroke is considered to be limited in a func 
tional manner if the limiting means are able to be en 
gaged and to function without impairing or altering the 
operation of the telescoping device. If, at the end of the 
designed stroke, the telescoping device becomes disas 
sembled or unstable, or if some part of the device comes 
into contact with another part in such a way as to limit 
stroke but also cause undesirable noise, vibration, heat, 
abrasion, etc., or to impair the action of the device, then 
the device does not have functional stroke limiting 
C2S. 

A further analysis of shafts, as described above, con 
taining two telescoping connections in series and having 
various combinations of functional stroke limiting 
means leads to the following conclusions: 

if one of the telescoping connections has functional 
stroke limiting means in both axial directions and the 
other does not have functional limits in either direction, 
the usable stroke of the system is limited to the amount 
by which the stroke of the connection without func 
tional limits exceeds the stroke of the connection with 
functional stroke limiting means; 

if one telescoping connection has functional limiting 
means in only one axial direction and the other has 
functional limiting means in both directions, the usable 
stroke of the system is equal to the usable stroke of the 
connection with the unidirectional limiting means; 

if both the telescoping connections have functional 
stroke limiting means in the inward axial direction only, 
or if both have such means in the outward direction 
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only, the usable stroke of the system is equal to the 
shorter of the individual strokes of the two connections; 

if one telescoping connection has functional stroke 
limiting means only in the inward direction and the 
other has such means only in the outward direction, the 
system will not function dependably; 

if one telescoping connection has functional stroke 
limiting means in neither axial direction and the other 
has such means in one direction only, or in neither di 
rection, the system will not function dependably. 

Referring to FIG. 6, a drive shaft assembly 28 for use 
in the drive line shown in FIG. 2 comprises substan 
tially identical joints 28a, 28b of the type shown in my 
aforementioned U.S. Pat. No. Re.26,691. The output of 
transmission 27 drives outer race 56 of universal joint 
28a which drives the inner race 57 through torque trans 
mitting rollers 58 in the oppositely facing grooves 59, 60 
in outer and inner races 56, 57, respectively. A boot 61 
provides a seal for lubricant. 
The inner race 57 includes a shaft 62 which is con 

nected to a hollow drive shaft 63 that, in turn, drives a 
shaft 64 on inner race 65 of universal joint 28b. Inner 
race 65, in turn, drives outer race 66 through torque 
transmitting rollers 67 that are positioned in oppositely 
facing grooves 68, 69 in the inner and outer races 65, 66, 
respectively. A boot 70 provides a seal for lubricant. 

In this form of the invention, the stroke limiting 
means to limit the axial outward movement of each 
inner race 57, 65 relative to its respective outer race 56, 
66 comprises interengaging surfaces between the inner 
and outer races. Specifically, the walls 71, 72 which 
form the grooves 59, 69 in the outer races 56, 66 include 
a straight portion 73, 74, respectively, and a curved 
outer end portion 75, 76, respectively. The curved por 
tions 75, 76 engage the inner races 57, 65, respectively, 
to limit the axial outward movement of the inner races 
57, 65 relative to the outer races 56, 66. 

In this form, the stroke limiting means for limiting the 
axial inward movement of the inner races 57, 65 com 
prises interengaging means between a cover 77, 78 on 
each joint 28a, 28b and the respective inner races. A 
contact member 79, 80 is rotatably or fixedly positioned 
in an axially extending opening 81, 82 in the respective 
inner races 57, 65. Each contact member 79, 80 includes 
a convex contact surface 83, 84 that engages a comple 
mentary concave surface 85, 86, respectively on the 
covers 77, 78. 
FIGS. 7-10 show various other drive shafts capable 

of fulfilling the requirements shown schematically in 
FIGS. 1 and 2. FIG. 9 shows a type of shaft generally 
applicable to independently sprung wheel drives (FIG. 
1) while FIGS. 7 and 10 show a type of shaft applicable 
to automobile propeller shafts (FIG. 2). However, these 
drive shafts are interchangeable, within limits, in these 
applications and may also be used in a great variety of 
other applications on both mobile and stationary ma 
chinery. 
FIGS. 11-16 show modified forms of universal joints 

and stroke limiting means which might be used in shafts 
such as in FIGS. 1, 2, 5, 6, 7, 9 and 10 or in other ar 
rangements. 

Referring to FIG. 7, the drive shaft assembly 90 
which can be used in place of drive shaft assembly 28 in 
FIG. 2 includes an arrangement wherein the splined 
output shaft 91 from the transmission 27 drives outer 
race 92 of a universal joint 93 which has an inner race 94 
and output shaft 95 which drives a hollow drive shaft 96 
connected to the input shaft 97 on the inner race 98 of 
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6 
a universal joint 99 at the other end. Each of the univer 
sal joints 93, 99 is of the general construction disclosed 
in my aforementioned U.S. Pat. No. Re. 26,691. 
Each joint 93, 99 includes oppositely facing grooves 

100, 101 in the outer and inner race, respectively, and 
torque transmitting rollers 102 positioned in the grooves 
100, 101. However, the universal joint 93 is modified in 
accordance with the invention so that the walls 103 
include a straight portion 104 and arcuate or stop por 
tions 105, 106 which are adapted to engage the inner 
race 94 so that the axial movement of the shaft 95 with 
respect to outer race 92 is limited to a predetermined 
stroke in each axial direction. Additional stroke can be 
achieved through the spline connection between shaft 
91 and outer race 92. Because the spline connection is 
relatively long, it is not necessary to utilize the retainer 
ring 41 shown in FIG. 3. The universal joint 99 is of the 
non-telescoping type. 

Referring to FIG. 9, a drive shaft assembly 110 is 
shown which can be utilized in place of the drive shaft 
assembly 22 of FIG, 1. The output gear 111 of differen 
tial 20 drives a shaft 112 through a spline connection 
111a. Shaft 112 is connected to the outer race 113 of a 
universal joint 114. Universal joint 114 is of the general 
type such as shown in U.S. Pat. No. 2,910,845 and in 
cludes outer race 113 with three axially extending 
grooves 115 and an inner drive shaft 116 carrying three 
radially extending trunnion arms 117 with rollers 118 
engaging the grooves 115 for transmitting torque. As 
presently described, the universal joint 114 is modified 
to incorporate the stroke limiting means of this inven 
tion. The drive shaft assembly 110 includes a conven 
tional bell type Rzeppa universal joint 119. 
The stroke limiting means for limiting axially out 

ward movement of inner member 116 comprises a radi 
ally floating three-lobed floating ring 120 mounted on 
inner member 116 and urged against a flange 121 on 
member 116 by a spring 122. Ring 120 includes an arcu 
ate surface 123 on each of its three lobes which is 
adapted to engage a cooperating convex surface 124 on 
the outer race 113. The stroke limiting means for limit 
ing axially inward movement comprises a cover or end 
wall 125 on outer race 113 which is engaged by the 
convex end surface of member 116. A resilient pad 126 
may be provided over cover 125. 

Referring to FIG. 10, a modified form of propeller 
shaft assembly 130 is shown which can be used in place 
of the propeller shaft assembly 28 in FIG. 2 and com 
prises a hollow shaft 131 connected to a spline connec 
tion 132 to the transmission 27. Shaft 131 forms part of 
the universal joint 133, known as a double offset joint. 
Universal joint 133 has an outer driven member 134 
connected to the shaft 131, an inner driven member 135 
and balls 136 positioned in grooves 137 in the outer 
member 134 and grooves 138 in the inner member 135 
for transmitting the torque therebetween. The construc 
tion further includes a ball cage 139 which positions the 
balls with respect to grooves 137, 138. The universal 
joint 133 includes the stroke limiting means of the in 
vention, as presently described. In this shaft assembly, 
the other universal joint 140 is of the Cardan or Hooke 
type. 
The stroke limiting means for limiting outward move 

ment comprises an axially movable member 141 on 
outer race 134 which is urged axially inwardly by a 
spring 142 against cage 139. Cage 139 includes an arcu 
ate surface 143 which is engaged by cooperating surface 
144 and an O-ring 144a in a groove on member 141. The 
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member 141 and race 134 include interengaging shoul 
ders 145, 146 to limit the axially outwardly movement 
of member 141. Thus, this construction provides both 
stroke limiting means for limiting axially outward 
movement and also a seal for lubricant in the universal 
joint, thereby obviating the need for a boot. The means 
for limiting axially inward movement comprises com 
plementary surfaces 147, 148 on cage 139 and outer 
member 134. 
The universal joint 150 shown in FIG. 11 comprises 

an outer member 151, an inner member 152, balls 153 in 
grooves 154, 155 in the outer and inner members 151, 
152 and a cage 156. The stroke limiting means for limit 
ing axially outward movement comprises an axially 
movable member 157 on outer member 151 which is 
urged axially inwardly by a spring 158. The member 
includes a surface 159 engaging a complementary arcu 
ate surface 160 on a member 161 fixed on member 152. 
As in the form shown in FIG. 10, interengaging shoul 
ders on the outer member 151 and member 157 limit the 
relative axially outward movement. Alternatively, the 
interengaging shoulders on members 151, 157 may be 
omitted if spring 158 is made strong enough to limit the 
axial movement of member 157 relative to outer mem 
ber 151. 
The stroke limiting means for limiting axially inward 

movement comprises a stop 162 on outer member 151 
which is adapted to be engaged by an arcuate surface 
163 on inner member 152. 

In the form of the invention shown in FIG. 12, the 
universal joint 165 is of the type shown in U.S. Pat. No. 
3,106,077 and comprises an outer member 166, an inner 
member 167, an intermediate member 168 interposed in 
outer member 166 and axially slidable on inner member 
167 and balls 169 positioned in grooves 170, 171 in the 
outer member 166 and inner member 167. In this form, 
the stroke limiting means for limiting axially outward 
movement comprises cooperating surfaces 172, 173 on 
the inner member 167 and outer member 166. The 
stroke limiting means for limiting axially inward move 
ment comprises cooperating surfaces 174, 175 on the 
inner member 167 and outer member 166. 
The universal joint shown in FIG. 13 is of the general 

type shown in FIG. 12. The stroke limiting means for 
limiting axially outward movement comprises a pivotal 
annular element 176 on the inner member 167a which 
has a concave surface 177 that is engaged by a floating 
ring 178 having a complementary convex surface 179. 
The ring 178 is adapted to be engaged by intermediate 
members 168a. The stroke limiting means for limiting 
the axially inward movement comprises an arcuate sur 
face 180 on inner member 167a which is adapted to 
engage a cover 181 on outer member 166a. 
The universal joint 185 shown in FIG. 14 comprises 

an outer member 186, an inner member 187, balls 187a 
in grooves 188, 189 and a cage 190. The stroke limiting 
means for limiting axially outward movement com 
prises cooperating surfaces 191, 192 on the inner mem 
ber 187 and outer member 186. The stroke limiting 
means for limiting axially inward movement similarly 
comprises cooperating surfaces 193, 194 on the inner 
member 187 and outer member 186. 
The universal joint 195 shown in FIG. 15 comprises 

an outer member 196, an inner member 197, balls 198 in 
grooves 199, 200 and a cage 201. The stroke limiting 
means comprises a spherical surface 202 on the cage 201 
which engages a surface 203 on the outer member 196 
for limiting axially outward movement and a surface 
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8 
204 on the outer member 196 for limiting axially inward 
movement. 

The universal joint 195a shown in FIG. 16 is similar 
to the joint shown in FIG. 15. The stroke limiting means 
is provided between the inner spherical surface 205 of 
cage 201a and contacting spherical surfaces 206, 207 on 
the inner member 197a. 
For convenience, the different types of universal 

joints embodying the invention can be grouped into 
classes according to certain mechanical characteristics. 
One class might include joints as shown in FIGS. 5-8 

with an outer housing or member, an inner member 
telescopically and pivotally received therein, axially 
extending grooves within the housing, axially extending 
grooves on the periphery of the inner member, and 
intermediate torque transmitting members positioned 
within the grooves, said torque transmitting bodies 
moving in general unison with the inner member as it 
moves axially with respect to the outer member. In this 
class of joint, the pivot center of the joint lies in the 
plane of the torque transmitting bodies and on the cen 
terlines of the inner and outer members and moves 
axially in unison with the inner member. This class of 
joint has outward stroke limiting means comprising a 
spherical surface carried by the inner member and 
whose center lies on the centerline of the inner member 
and in the plane containing the centers of the intermedi 
ate torque transmitting bodies and which at the ends of 
the desired outward stroke of the universal joint en 
gages a cooperating surface carried by the outer hous 
ing near its end. This cooperating surface is a surface of 
revolution about the rotational centerline of the housing 
and may be of any shape, i.e., spherical, conical, toroi 
dal, planar, etc., capable of engaging the spherical sur 
face carried by the inner race without undue stress, 
noise or heat. Obviously, the spherical surface can be 
provided on an outer member, cooperating surface on 
inner member. Stroke limiting means for limiting axial 
movement in the inward direction comprises a second 
spherical surface similar to the first but carried by the 
inner race on its opposite end and at the end of the 
desired inward stroke engaging a second cooperating 
surface similar to the first and carried by the housing 
near its inner end. 
A second class of telescoping universal joint illus 

trated by FIG. 9 has one driving/driven member with 
three axially extending grooves therein, a second dri 
ving/driven member carrying three radially extending 
trunnion arms, balls, rollers or sliding shoes mounted on 
said trunnions and engaging the grooves for transmit 
ting torque between said driving/driven members while 
permitting both axial and angular movement therebe 
tween. 

An obscure characteristic of this class of joint is that 
when the joint is rotated with the driving/driven mem 
bers angularly misaligned, the center of the trunnion or 
inner member orbits around the centerline of the 
grooved member at a frequency equal to three times 
joint rotational speed. Thus, driving and driven shafts 
centerlines do not constantly intersect and the pivot 
center of the joint is not determined by the intersection 
of these centerlines. This complicates the design of a 
functional stroke limiting means but an effective solu 
tion is possible as shown in FIG. 9. 
The trunnion carrying member also carries stroke 

limiting means having a spherically shaped contacting 
surface 123, the center of the radius R1 of spherical 
curvature lying approximately in the plane of the trun 
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nion arms and on the centerline of the grooved member. 
At the end of the desired stroke, the spherical surface 
engages a cooperating surface carried by the groove 
member. The cooperating surface is a surface of revolu 
tion about the rotational axis of the grooved member 
and may have spherical, conical, annular or other shape 
as described previously. 
The limiting means 120, although carried by the trun 

nion bearing member 116, is not rigidly attached thereto 
but is free to move radially and is restrained against 
axial movement by shoulder 121. In theory, the work 
ing face of this shoulder 121 should be spherical in form 
with its center of curvature at the pivot center of the 
universal joint 119 at the other end of the trunnion 
bearing member, and the mating face of the limiting 
means 120 should be complementary in shape. How 
ever, because of the relatively small diameter and width 
of the shoulder face in comparison with the large dis 
tance between joint centers in most drive shafts, the 
spherical curvature of this surface is usually insignifi 
cant and a plane surface may frequently be used. 
Means limiting inward movement should, in theory, 

be constructed in the same manner as above, but a prac 
tical approximation is possible in relatively long drive 
shafts or those operating at relatively small angles. This 
simplified means comprises a spherical surface with 
center of curvature on the centerline of the inner mem 
ber 116 and in the trunnion plane, carried by the trun 
nion carrying member 116 which, at the end of the 
desired stroke, contacts a radially extending plane sur 
face carried by the grooved member 113. 
A variation of this second class comprises joints hav 

ing only two trunnion arms on the second member, 
carrying balls, rollers or sliding blocks, and only two 
cooperating grooves in the first grooved member. 
These two-trunnion joints can be made so that the trun 
nion member does not orbit but maintains its center on 
the centerline of the grooved member. Stroke limiting 
means for these joints may be made as for the three 
trunnion joints except that the stroke limiting means 
carried by the trunnioned member need not be free to 
move radially with respect thereto but may be mounted 
fixedly thereto or made integral therewith. Thus, this 
variation of the second class of joints is seen to have the 
same requirements for stroke limiting means as the first 
described class, and this variation may properly be con 
sidered a member of the first class. 
A third class of telescoping universal joint illustrated 

by FIGS. 10 and 11 has an outer driving/driven mem 
ber comprising a housing with axially extending 
grooves therein, an inner driving/driven member tele 
scopically and pivotally received within said outer 
member, balls positioned within receiving means of said 
inner member and in the grooves in the outer member 
for transmitting torque therebetween, and a ball cage 
operably engaging the balls to assist in maintaining them 
in the desired positions, the cage and balls moving sub 
stantially unitarily with the inner member as it moves 
axially with respect to the outer member. The cage 
pivotally engages the inner member about a center 
which is offset axially in one direction from the ball 
plane while it engages the outer member pivotally about 
a center which is similarly offset from the ball plane but 
in the opposite axial direction. 

In this class of joint, the joint pivot center lies on the 
ball plane and on the center lines of the inner member 
and outer member and moves in unison with the inner 
member as the inner member moves axially with respect 
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10 
to the outer member. Also, the cage moves axially sub 
stantially in unison with the inner member, thus either 
the cage or the inner member may carry spherically 
shaped stroke limiting means engaging suitable cooper 
ating surfaces carried by the outer member. As shown 
in FIG, 10, the cage includes spherical surfaces 147, 
143, generated by radii R2, R3, each of which has its 
origin on the pivot center of cage 139 with respect to 
the outer member 134, which engage complementary 
surface 148, 144 on the outer member. 

FIG, 11 shows spherical inward and outward stroke 
limiting surfaces 163, 160, respectively, with centers of 
curvature lying on the joint pivot center and carried by 
the inner member. Surfaces 163, 160 engage cooperat 
ing surfaces 162, 159 carried by outer member 151. The 
radii R4, R5 of curvatures of surfaces 163, 160 have a 
common center. 
FIGS. 10 and 11 illustrate clearly another aspect of 

this invention. That is, the same techniques used to 
define the shapes and locations of functional stroke 
limiting devices can also be applied to design mechani 
cal seals for telescoping universal joints, for both a 
stroke limiting means and a mechanical seal can incor 
porate a spherical surface, with center of curvature 
properly located, which is carried by one part of a 
universal joint and which engages a cooperating surface 
carried by another part. The only significant difference 
is that a mechanical seal requires that one of the surfaces 
be slidably carried by one of the parts and be urged 
axially into contact with the other surface, while for 
stroke limiting purposes, the surfaces may be either 
slidably mounted or fixed axially with respect to the 
parts. As shown in FIG. 10, the cooperating surface 
may incorporate an O-ring or similar resilient contact 
element to provide a better seal against the spherical 
surface. However, as shown in FIG. 11, simple metal 
to-metal wiping surfaces, without the resilient element, 
may provide a satisfactory seal for many applications. 
These same principles could apply to sealing the 

other joints shown and described. 
A fourth class of telescoping universal joint is pic 

tured in FIGS. 12 and 13 and is of the general type 
shown in U.S. Pat, No. 3,106,077 comprising an outer 
driving/driven member in the form of a housing with 
receiving means therein for torque transmitting balls, an 
inner member telescopically and pivotally received in 
said housing and having axially extending grooves 
thereon for receiving torque transmitting balls, torque 
transmitting balls positioned between the outer and 
inner member and means for positioning the balls in the 
desired plane, said ball plane moving substantially uni 
tarily with said housing as the members move axially 
with respect to one another. 

In joints of this class, the pivot center lies in the ball 
plane and on the centerlines of the inner and outer mem 
bers and is maintained in a fixed position with respect to 
the housing. Stroke limiting means may comprise sur 
faces between the inner member and the housing as 
shown in FIG. 12. Alternatively, the stroke limiting 
means may comprise surfaces between the inner men 
ber and the positioning means (FIG. 13). 

In FIG. 12, the centers of the radii R6, R7 of spheri 
cal surfaces 172, 174 do not lie in the central transverse 
plane of the inner race but lie on those points on the 
inner race center line which will lie in the ball plane at 
the instant of engagement of each respective spherical 
surface with its cooperating surface. 
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In the stroke limiting means in FIG. 13, the radii of 
curvature R8, R9 are similarly positioned as in the joint 
shown in FIG. 12. 
FIGS. 14-16 show a fifth class of telescoping univer 

sal joint characterized by a first driving/driven member 
having axially extending grooves, a second driving/- 
driven member telescopically and pivotally engaging 
said first member and having axially extending grooves 
in paired relationship with the grooves in said first 
member, said paired grooves intersecting in the radial 
direction (FIG. 14) or the circumferential direction 
(FIGS. 15, 16), each pair having a mirror image rela 
tionship in a manner known in the art, driver balls inter 
posed between the first and second members and re 
ceived by said paired grooves, and a positioning means 
operably engaging the drive balls to assist in maintain 
ing then in the desired plane, the plane of said driver 
balls not moving unitarily with either the first or the 
second member as the same move axially with respect 
to each other but said ball plane maintaining an axial 
position relatively intermediate between the two mem 
bers. 

In this class of joint, the pivot center lies on the cen 
terlines of the first and second members but is not fixed 
either with respect to the first member or to the second 
member but is fixed with respect to the ball plane. This 
permits stroke limiting means to exist either between the 
positioning means and the first member, or between the 
positioning means and the second member, or between 
the first member and the second member. 

In FIG. 14, inward and outward stroke limiting 
means are shown between the second member 187 and 
the first member 186. Spherical surface 191 has its cen 
ter of curvature R10 on the center line of the second 
member 187 at the point which lies in the ball plane at 
the instant of contact of the stroke limiting means. That 
is, the center of curvature of the stroke limiting spheri 
cal surface lies on the pivot center of the joint when it 
engages its cooperating surface 192. Similarly, spherical 
surface 193 has its center of curvature R11 positioned so 
that it lies on the pivot center of the joint when it en 
gages cooperating surface 194. 

In FIG. 15, the center of curvature of radius R12 lies 
in the ball plane on the pivot center of the joint. 

In FIG. 16, the joint uses a spherical inner surface 205 
on the cage with the center of its generating radius R13 
in the ball plane and on the pivot center of the joint. The 
cooperating surfaces 206, 207 are shown as spherical 
outer portions of the inner member, and the center of 
curvature of radii R14, R15 of each lying in the ball 
plane at the movement of its engagement by the limiting 
means on the cage. However, other shapes are possible, 
for example, a portion of a toroid could be used. 

In each of the forms of universal joint, it should be 
understood that an inversion can be made of the sur 
faces between the cooperating parts which produce a 
stroke limiting means, i.e., with each pair of cooperating 
surfaces, either may be made spherical in shape, the 
other of a suitable cooperating shape. 

I claim: 
1. A telescoping universal joint comprising 

a driving member, 
a driven member, 
torque transmitting means between the driving and 

driven members, 
and means for limiting relative axial inward and out 
ward movement between said members and for 
maintaining said members in fixed axial relationship 

5 

O 

15 

25 

30 

35 

40 

45 

50 

55 

65 

12 
while limiting said axial movement between said 
members as the joint rotates at any angular align 
ment of the members. 
2. A universal joint according to claim 1 wherein 

said means for limiting axial movement between said 
members in each axial direction comprises a pair of 
cooperating surfaces. 

3. A universal joint according to claim 2 99 
wherein one surface of each pair of said cooperating 
surfaces is spherical in shape. 

4. A universal joint according to claim 3 wherein the 
center of curvature of said spherical surface lies on the 
pivot center of the universal joint during the time of its 
engagement with its cooperating surface. 

5. A universal joint according to claim 4 wherein as 
one member moves axially relative to the other, the 
pivot center of the joint maintains a relatively fixed 
relationship with respect to one member and moves 
axially with respect to the other. 

6. A universal joint according to claim 4 wherein as 
one member moves axially relative to the other, the 
pivot center of the joint moves axially relative to both 
members and maintains an axial position relatively inter 
mediate the two members, 

7. A universal joint according to claim 1 2 
wherein the torque transmitting members define a 
plane, 

said limiting means in each axial direction comprising 
a pair of cooperating surfaces, 

one surface of each pair of surfaces being spherical in 
shape and having its center of curvature substan 
tially in the plane of the torque transmitting mem 
bers at the time of its engagement with its cooperat 
ing surface. 

8. A universal joint according to claim 7 wherein the 
centerlines of the driving and driven members maintain 
an intersecting relationship during only a portion of the 
operation of the universal joint with said members mis 
aligned. 

9. A telescoping universal joint comprising 
a driving member, 
a driven member, 
torque transmitting means between the driving and 

driven members, 
and means for limiting relative axial outward move 
ment between said members and for maintaining 
said members in fixed axial relationship while limit 
ing said axial movement between said members as 
the joint rotates at any angular alignment of the 
members. 

10. The combination set forth in claim 9 100 in 
cluding means for enclosing and sealing one end of said 
joint comprising a pair of cooperating surfaces, one of 
which is mounted for axial movement relative to the 
member which carries it and is urged axially into 
contact with its cooperating surface. 

11. A universal joint according to claim 10 wherein 
one of said cooperating surfaces is permitted limited 
radial movement relative to the member which carries 
it. 

12. The combination set forth in claim 9 wherein 
said telescoping joint comprises a part of a drive line 
including a second universal joint and telescoping 
torque transmitting connection in series with said 
joints. 

13. A drive line as described in claim 12 100 
wherein said telescoping torque transmitting connec 
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tion also includes axial stroke limiting means in each 
direction. 

14. The combination set forth in claim 9 wherein 
said telescoping joint comprises a part of a drive line 
including a second telescoping joint including 
a driving member, 
a driven member, 
torque transmitting means between the driving and 

driven members, 
and means for limiting relative axial outward move 

ment between said members, 
said means for limiting relative axial outward move 
ment of said second joint comprising a pair of co 
operating surfaces, 

said surfaces coming into contact to limit the stroke in 
each direction, 

said surfaces being in continuous contact as the uni 
versal joint rotates during the stroke limiting ac 
tion, 

one of said surfaces being associated with one of said 
driving member, driven member or torque trans 
mitting means, and the other of said surfaces being 
associated with another of said driving member, 
driven member or said torque transmitting 
means. 

15. A drive line as described in claim 14 102 
wherein the input member of the drive line is a transmis 
sion and the output member a driving axle of a vehicle. 

16. A drive line as described in claim 14 wherein the 
input member to the drive line is a differential and the 
output member a driving wheel of a vehicle. 

17. A telescoping universal joint comprising 
a driving member, 
a driven member, 
torque transmitting means between the driving and 

driven members, 
and means for enclosing and sealing the space around 

said members by means of slidably or pivotally 
engaged surfaces. 
18. A universal joint according to claim 17 wherein 

said enclosing and sealing means includes a pair of co 
operating surfaces, one of which is permitted axial 
movement relative to the member which carries it and is 
urged axially into contact with its cooperating sur 
face. 

19. A universal joint according to claim 18 wherein 
one of said cooperating surfaces is spherical in shape. 

20. A universal joint according to claim 19 wherein 
one of said cooperating surfaces is permitted limited 
radial movement relative to the member which carries 
it. 

21. A universal joint according to claim 19 wherein 
the center of curvature of the spherical surface is lo 
cated at the pivot center of the joint. 

22. A telescoping universal joint comprising 
an outer driving or driven member, 
an inner driving or driven member received within 

said outer member, 
axially extending grooves in at least one of said outer 
member and said inner member, 

torque transmitting means between said members and 
engaging said grooves, 

and means for limiting the relative movement in each 
axial direction between said members and for main 
taining said members in fixed axial relationship 
while limiting said axial movement between said 
members as the joint rotates at any angular align 
ment of the members. 
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23. A universal joint according to claim 22 wherein 

the means for limiting movement in each of the axial 
directions comprises a pair of cooperating surfaces, one 
surface of each pair of surfaces being spherical in 
shape. 

24. A universal joint according to claim 23 104 
wherein the construction is such that as the members 
move axially relative to one another, the pivot center of 
the joint maintains a relatively fixed position with re 
spect to the inner member and moves axially with re 
spect to the outer member, the center of curvature of 
each spherical limiting surface lying on the pivot center 
of the joint during the time of its engagement with its 
cooperating surface. 

25. A universal joint according to claim 24 wherein a 
said spherical surface is carried by the inner member 
and its cooperating surface is carried by the outer men 
ber. 

26. A universal joint according to claim 24 wherein a 
said spherical surface is carried by the outer member 
and its cooperating surface is carried by the inner mem 
ber. 

27. A universal joint according to claim 23 104 
wherein the construction is such that as the members 
move axially relative to one another, the pivot center of 
the joint maintains a relatively fixed position with re 
spect to the outer member and moves axially with re 
spect to the inner member, the center of curvature of 
each spherical limiting surface lying on the pivot center 
of the joint during the time of its engagement with its 
cooperating surface. 

28. A universal joint according to claim 27 wherein a 
said spherical surface is carried by the inner member 
and its cooperating surface is carried by the outer mem 
ber. 

29. A universal joint according to claim 27 wherein a 
said spherical surface is carried by the outer member, its 
cooperating surface is carried by the inner member. 

30. A universal joint according to claim 23 wherein 
the construction is such that during operation with the 
members misaligned, the centerlines of said members do 
not maintain an intersecting relationship, one of said 
cooperating surfaces having limited radial movement 
relative to the member which carries it. 

31. A universal joint according to claim 30 71 
wherein a said spherical surface is carried by the inner 
member and its cooperating surface is carried by the 
outer member, 

32. A universal joint according to claim 30 71 
wherein a said spherical surface is carried by the outer 
member and its cooperating surface is carried by the 
inner member. 

33. A universal joint according to claim 23 wherein 
one of said cooperating surfaces is permitted axial 
movement with respect to the member on which it is 
carried and is urged axially into contact with its paired 
cooperating surface. 

34. A universal joint according to claim 33 wherein 
one surface of said paired cooperating surfaces is per 
mitted limited radial movement relative to the member 
on which it is carried. 

35. A telescoping universal joint comprising 
an outer driving or driven member, 
an inner driving or driven member received within 

said outer member, 
axially extending grooves in at least one of said outer 
member and said inner member, 
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torque transmitting means between said members and 
engaging said grooves, 

and means for limiting the relative axial movement in 
the outward direction between said members and 
for maintaining said members in fixed axial rela 
tionship while limiting said axial movement be 
tween said members as the joint rotates at any 
angular alignment of the members. 
36. A telescoping universal joint comprising 

an outer driving or driven member, 
an inner driving or driven member received within 

said outer member, 
axially extending grooves in at least one of said outer 
member and said inner member, 

torque transmitting means between said members and 
engaging said grooves, 

and means for sealing the space between said member 
by means of slidably or pivotally engaged sur 
faces. 
37. A universal joint according to claim 36 wherein 

said sealing means includes a pair of cooperating sur 
faces, one of which is permitted axial movement rela 
tive to the member which carries it and is urged axially 
into contact with its cooperating surface. 

38. A universal joint according to claim 37 wherein 
one of said cooperating surfaces is spherical in shape. 

39. A universal joint according to claim 37 wherein 
one of said cooperating surfaces is permitted limited 
radial movement relative to the member which carries 
it. 

40. A universal joint according to claim 37 wherein 
the center of curvature of the spherical surface coin 
cides with the pivot center of the joint. 

41. A telescoping universal joint comprising 
an outer driving or driven member, 
an inner driving or driven member received within 

said outer member, 
axially extending grooves in at least one of said outer 
member and said inner member, 

torque transmitting means in said grooves, 
positioning means to assist in positioning said torque 

transmitting means relative to said members, 
and means for limiting the relative movement be 
tween said members in each axial direction and for 
maintaining said members in fixed axial relationship 
while limiting said axial movement between said 
members as the joint rotates at any angular align 
ment of the members. 
42. A universal joint according to claim 41 wherein 

the means for limiting movement in each of the axial 
directions comprises a pair of cooperating surfaces, one 
surface of each pair being spherical in shape. 

43. A universal joint according to claim 42 107 
whereifi as the members move axially relative to one 
another, the pivot center of the joint maintains a rela 
tively fixed position with respect to the inner member 
and moves axially with respect to the outer member. 

44. A universal joint according to claim 43 wherein a 
said spherical surface is carried by the inner member, its 
cooperating surface is carried by the outer member. 

45. A universal joint according to claim 43 wherein a 
said spherical surface is carried by the outer member, its 
cooperating surface is carried by the inner member. 

46. A universal joint according to claim 43 wherein a 
said spherical surface is carried by the positioning 
means, its cooperating surface is carried by the outer 
member. 
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47. A universal joint according to claim 44 wherein a 

said spherical surface is carried by the outer member, its 
cooperating surface is carried by the positioning means. 

48. A universal joint according to claim 42 107 
wherein as the members move axially relative to one 
another, the pivot center of the joint maintains a rela 
tively fixed position with respect to the outer member 
and moves axially relative to the inner member. 

49. A universal joint according to claim 48 wherein a 
said spherical surface is carried by the inner member 
and its cooperating surface is carried by the outer mem 
ber. 

50. A universal joint according to claim 48 wherein a 
said spherical surface is carried by the outer member, its 
cooperating surface is carried by the inner member. 

51. A universal joint according to claim 48 wherein a 
said spherical surface is associated with the inner mem 
ber, its cooperating surface being associated with the 
positioning means. 

52. A universal joint according to claim 48 wherein a 
said spherical surface is associated with the positioning 
means and its cooperating surface is associated with the 
inner member. 

53. A universal joint according to claim 42 107 
wherein as the inner and outer members move axially 
relative to one another, the pivot center of the joint 
moves axially with respect to both members and main 
tains an axial position intermediate the two members. 

54. A universal joint according to claim 53 wherein a 
said spherical surface is carried by the inner member, its 
cooperating surface is carried by the outer member. 

55. A universal joint according to claim 53 wherein a 
said spherical surface is carried by the outer member, its 
cooperating surface is carried by the inner member. 

56. A universal joint according to claim 53 wherein a 
said spherical surface is carried by the inner member, its 
cooperating surface is carried by the positioning means. 

57. A universal joint according to claim 53 wherein a 
said spherical surface is carried by the positioning 
means, its cooperating surface is carried by the inner 
member. 

58. A universal joint according to claim 53 wherein a 
said spherical surface is carried by the positioning 
means, its cooperating surface is carried by the outer 
member. 

59. A universal joint according to claim 53 wherein a 
said spherical surface is carried by the outer member, its 
cooperating surface is carried by the positioning means. 

60. A universal joint according to claim 42 107 
wherein one of said cooperating surfaces is permitted 
axial movement with respect to the member which 
carries it and is urged axially into contact with its paired 
cooperating surface. 

61. A universal joint according to claim 60 wherein 
one surface of said paired cooperating surfaces is per 
mitted limited radial movement relative to the member 
which carried it. 

62. A drive line incorporating two telescoping uni 
versal joints in series, 
each joint having stroke limiting means in each axial 

direction, so as to permit greater axial movement 
between the input and output members of the drive 
line than would be possible with only one telescop 
ing joint. 
63. A drive line as described in claim 62 wherein the 

input member of the drive line is a transmission and the 
output member a driving axle of a vehicle. 
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64. A drive line as described in claim 62 wherein the 
input member to the drive line is a differential and the 
output member a driving wheel of a vehicle. 

65. A drive line incorporating one or more telescop 
ing universal joints, 5 

each joint having stroke limiting means in each axial 
direction, 

and another telescoping torque transmitting connec 
tion in series with said joints so as to permit greater 
axial movement between the input and output 10 
members of the drive line than would be possible 
with the telescoping universal joints alone. 
66. A drive line as described in claim 65 wherein 

said telescoping torque transmitting connection also 
includes axial stroke limiting means in each direction. 15 

67. A drive line as described in claim 65 wherein the 
input member of the drive line is a transmission and the 
output member a driving axle of a vehicle. 

68. A drive line as described in claim 65 wherein the 
input member to the drive line is a differential and the 20 
output member a driving wheel of a vehicle. 

69. A telescoping universal joint comprising 
a driving member, 
a driven member, 
torque transmitting means between the driving and 25 

driven members, 
and means for limiting relative axial outward movement 

between said members and for maintaining said 
members in fixed axial relationship while limiting 
said axial movement between said members as the 30 
joint rotates at any angular alignment of the mem 
bers, 

means for enclosing and sealing one end of said joint 
comprising a pair of cooperating surfaces, one of 
which is mounted for axial movement relative to the 35 
member which carries it and is urged axially into 
contact with its cooperating surface, 

one of said cooperating surfaces being permitted limited 
radial movement relative to the member which carries 
it. 40 

70. A telescoping universal joint comprising 
a driving member, 
a driven member, 
torque transmitting means between the driving and 

driven members, 45 
and means for enclosing and sealing the space around 

said members by means of slidably or pivotally en 
gaged surfaces, 

said enclosing and sealing means including a pair of 
cooperating surfaces, one of which is permitted axial 50 
movement relative to the member which carries it and 
is urged axially into contact with its cooperating sur 
face, 

one of said cooperating surfaces being spherical in shape, 
one of said cooperating surfaces being permitted limited 55 

radial movement relative to the member which carries 
. 

7. A telescoping universal joint comprising 
an outer driving or driven member, 
an inner driving or driven member received within said 60 

outer member, 
axially extending grooves in at least one of said outer 
member and said inner member, 

torque transmitting means between said members and 
engaging said grooves, 65 

and means for limiting the relative movement in each 
axial direction between said members and for main 
taining said members in fixed axial relationship while 
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limiting said axial movement between said members 
as the joint rotates at any angular alignment of the 
members, 

the means for limiting movement in each of the axial 
directions comprising a pair of cooperating surfaces, 
one surface of each pair of surfaces being spherical in 
shape, 

the construction being such that during operation with 
the members misaligned, the centerlines of said men 
bers do not maintain an intersecting relationship, one 
of said cooperating surfaces having limited radial 
movement relative to the member which carries it. 

72. A telescoping universal joint comprising 
an outer driving or driven member, 
an inner driving or driven member received within said 

outer member, 
axially extending grooves in at least one of said outer 
member and said inner member, 

torque transmitting means between said members and 
engaging said grooves, 

and means for limiting the relative movement in each 
axial direction between said members and for main 
taining said members in fixed axial relationship while 
limiting said axial movement between said members 
as the joint rotates at any angular alignment of the 
nnenbers, 

the means for limiting movement in each of the axial 
directions comprising a pair of cooperating surfaces, 
one surface of each pair of surfaces being spherical in 
shape, 

one of said cooperating surfaces being permitted axial 
movement with respect to the member on which it is 
carried and is urged axially into contact with its 
paired cooperating surface, 

one surface of said paired cooperating surfaces being 
permitted limited radial movement relative to the 
member on which it is carried. 

73. A telescoping universal joint comprising 
an outer driving or driven member, 
an inner driving or driven member received within said 

outer member, 
axially extending grooves in at least one of said outer 
member and said inner member, 

torque transmitting means between said members and 
engaging said grooves, 

and means for sealing the space between said member by 
means of slidably or pivotally engaged surfaces, 

said sealing means including a pair of cooperating sur 
faces, one of which is permitted axial movement rela 
tive to the member which carries it and is urged axi 
ally into contact with its cooperating surface, 

one of said cooperating surfaces being permitted limited 
radial movement relative to the member which carries 
it. 

74. A telescoping universal joint comprising 
an outer driving or driven member, 
an inner driving or driven member received within said 

outer member, 
axially extending grooves in at least one of said outer 
member and said inner member, 

torque transmitting means in said grooves, 
positioning means to assist in positioning said torque 

transmitting means relative to said members, 
and means for limiting the relative movement between 

said members in each axial direction and for main 
taining said members in fixed axial relationship while 
limiting said axial movement between said members 
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as the joint rotates at any angular alignment of the 
members, 

the means for limiting movement in each of the axial 
directions comprising a pair of cooperating surfaces, 
one surface of each pair being spherical in shape, 

one of said cooperating surfaces being permitted axial 
movement with respect to the member which carries it 
and being urged axially into contact with its paired 
cooperating surface, 

one surface of said paired cooperating surfaces being 
permitted inited radial movement relative to the 
member which carried it. 

75. The universal joint set forth in claim 99 wherein said 
torque transmitting means has a centerplane which is moy 
able axially with respect to one of the members during 
telescoping action of the joint, 
one surface of each said pair of cooperating surfaces is a 
segment of a sphere whose center lies in the center 
plane of the torque transmitting means during said 
limiting action, 

76. The universal joint set forth in claim 100 wherein 
said torque transmitting means has a centerplane which is 
movable axially with respect to one of the members during 
telescoping action of the joint, 

one surface of each said pair of cooperating surfaces is a 
segment of a sphere whose center lies in the center 
plane of the torque transmitting means during said 
limiting action. 

77. The universal joint set forth in claim 103 wherein 
said torque transmitting means has a centerplane which is 
novable axially with respect to one of the members during 
telescoping action of the joint, 

one surface of each said pair of cooperating surfaces is a 
segment of a sphere whose center lies in the center 
plane of the torque transmitting means during said 
limiting action. 

78. The universal joint set forth in claim 105 wherein 
said torque transmitting means has a centerplane which is 
movable axially with respect to one of the members during 
telescoping action of the joint, 
one surface of each said pair of cooperating surfaces is a 

segment of a sphere whose center lies in the center 
plane of the torque transmitting means during said 
limiting action. 

79. The universal joint set forth in claim 106 wherein 
said torque transmitting means has a centerplane which is 
movable axially with respect to one of the members during 
telescoping action of the joint, 
one surface of each said pair of cooperating surfaces is a 

segment of a sphere whose center lies in the center 
plane of the torque transmitting means during said 
limiting action. 

80. The universal joint set forth in claim 106 wherein 
Said positioning means has a pivot center movable axially 
with respect to one of the members during the telescoping 
action of the joint, 

one surface of each said pair of surfaces is a segment of 
a sphere whose center coincides with the pivot center of 
Said positioning means relative to one of said members 
during the time said pair of surfaces is in contact. 

8. The universal joint set forth in claim 106 wherein 
Said driving member and driven member comprise an outer 
member and an inner member, 

said torque transmitting means comprises balls, and said 
positioning means comprises a ball cage. 

82. A telescoping universal joint comprising 
a driving member, 
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a driven member axially movable with respect to said 

driving member, 
multiple torque transmitting elements, 
positioning means individual to each said element nov 

able with respect to said members and with respect to 
each other to assist in positioning said elements with 
respect to said members, 

and means for limiting the relative axial outward move 
ment between said members and for maintaining said 
members in fixed axial relationship while limiting 
Said axial movement as the joint rotates at any angu 
lar alignment of the members. 

83. The universal joint set forth in claim 82 including 
means for limiting the relative axial inward movement 
between said members and for maintaining said members 
in fixed axial relationship while limiting said axial move 
ment as the joint rotates at any angular alignment of the 
members. 

84. The universal joint set forth in claim 82 wherein each 
said limiting means includes a pair of surfaces which are in 
continuous contact as the universal joint rotates during the 
limiting action. 

85. A telescoping universal joint comprising 
a first driving or driven member having axially extend 

ing grooves, 
a second driving or driven member having radially ex 

tending arms and being axially movable with respect 
to said driving or driven member, 

torque transmitting means engaging said grooves and 
arris, 

and means for limiting the relative axial outward move 
ment between said members and for maintaining said 
members in fixed axial relationship while limiting 
said movement as the joint rotates at any angular 
alignment of the members. 

86. The universal joint set forth in claim 85 including 
means for limiting the relative axial inward movement 
between said members and for maintaining said members 
in fixed axial relationship while limiting said axial move 
ment as the joint rotates at any angular alignment of the 
internbers. 

87. The universal joint set forth in claim 85 wherein each 
Said limiting means includes a pair of surfaces which are in 
continuous pivotal contact as the universal joint rotates 
during the limiting action. 

88. The universal joint set forth in claim 85 wherein one 
surface of each said pair of surfaces is a segment of a sphere 
whose center lies in the centerplane of the torque transmit 
ting means during said limiting action. 

89. The universal joint set forth in clain 85 wherein one 
surface of one said pair of surfaces is carried by said 
grooved member and the other surface of said pair being 
carried by said armed member. 

90. The universal joint set forth in claim 85 wherein one 
surface of one said pair of surfaces is permitted limited 
radial movement with respect to the member which carries 
it. 
9. A telescoping universal joint comprising 
a driving member having grooves therein, 
a driven member having grooves therein axially movable 

with respect to said driving member, 
torque transmitting elements engaging said grooves, 
positioning means movable relative to said members and 

engaging said elements and, with the cooperation of 
Said grooves and elements, maintaining said elements 
in the desired position relative to said members at any 
angular alignment of said members, 
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and means for limiting the relative axial outward move 
ment between said members and for maintaining said 
members in fixed axial relationship while liniting 
said axial movement as the joint rotates at any angu 
lar alignment of the members. 

92. The universal joint set forth in claim 91 including 
means for limiting the relative axial inward movement 
between said members and for maintaining said members 
in fixed axial relationship while limiting said axial move 
ment as the joint rotates at any angular alignment of the 
nenbers. 

93. The universal joint set forth in claim 91 wherein each 
said limiting means includes a pair of surfaces in continu 
ous contact as the universal joint rotates during the limiting 
action. 

94. A telescoping universal joint comprising 
a driving member having grooves therein, 
a driven member having grooves therein axially movable 

with respect to said driving member, 
torque transmitting elements engaging said grooves, 
said grooves in said members being paired and each pair 

having an intersecting mirror image relationship to 
assist in positioning said torque transmitting elements 
at any angular alignment of said members, 

positioning means movable relative to said members and 
engaging said elements and, with the cooperation of 
said grooves, maintaining said elements in the desired 
position relative to said members, 

and means for limiting the relative axial movement 
between said members and for maintaining said 
members in fixed axial relationship while limiting 
said axial movement at any angular alignment of said 
members. 

95. The universal joint set forth in claim 94 including 
means for limiting the relative axial inward and outward 
movement between said members and for maintaining said 
members in fixed axial relationship while limiting said 
axial movement as the joint rotates at any angular align 
ment of the members. 

96. The universal joint set forth in claim 94 wherein each 
said limiting means includes a pair of surfaces in continu 
ous contact as the universal joint rotates during the limiting 
action. 

97. A telescoping universal joint comprising 
a driving member, 
a driven member axially movable with respect to said 

driving member, 
torque transmitting means, 
positioning means movable with respect to said members 

to assist in positioning said torque transmitting means 
relative to said members, 

and means for limiting relative axial movement between 
said members, 

said limiting means including a pair of surfaces which 
are in continuous contact as the universal joint rotates 
during the limiting action, 

means associated with said surfaces for retaining lubri 
cant within the joint, 

one surface of said pair of surfaces being associated with 
one of said driving member, driven member and posi 
tioning means, and the other surface of said pair being 
associated with another of said driving member, 
driven member and positioning means. 

98. A telescoping universal joint comprising 
a driving member, 
a driven member axially movable with respect to said 

other member, 
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torque transmitting means, all of which maintain driv 

ing contact with said members during operation of the 
joint, 

and means for limiting relative axial movement between 
said members, 

said limiting means including a pair of surfaces which 
engage one another and maintain continuous contact 
as the universal joint rotates during the limiting ac 
tion, 

means associated with said surfaces for retaining lubri 
cant within the joint, 

one surface of said pair of surfaces being associated with 
one of said members, and the other surface of said 
pair being associated with the other of said members. 

99. A telescoping universal joint comprising 
a driving member, 
a driven member axially movable with respect to said 

driving member, 
torque transmitting means between the driving and 

driven members, all of which maintain driving contact 
with the driving and driven members during operation 
of the joint, 

and means for limiting relative axial inward and out 
ward movement between said members and for main 
taining said members in fixed axial relationship while 
limiting said axial movement between said members 
as the joint rotates at any angular alignment of the 
members, 

said limiting means in each direction comprising a pair 
of cooperating surfaces which engage one another and 
maintain continuous contact as the universal joint 
rotates during the limiting action, 

one surface of said pair being a surface on one of said 
driving member and said driven member and the 
other surface of said pair being a surface of the other 
of said driving member and said driven member. 

100. A telescoping universal joint comprising 
a driving member, 
a driven member axially movable with respect to said 

driving member, 
torque transmitting means between the driving and 

driven members, all of which maintain driving contact 
with the driving and driven members during operation 
of the joint, 

and means for limiting relative axial outward movement 
between said members and for maintaining said 
members in fixed axial relationship while limiting 
said axial movement between said members as the 
joint rotates at any angular alignment of the member, 

said means limiting axial outward movement compris 
ing a pair of cooperating surfaces which engage one 
another and maintain continuous contact as the uni 
versal joint rotates during the limiting action, 

one surface of said pair being a surface on one of said 
driving member and said driven member and the 
other surface of said pair carried by the other of said 
driving member and said driven member. 

101. The combination set forth in claim 100 wherein 
said telescoping joint comprises a part of a drive line in 
cluding a second universal joint and telescoping torque 
transmitting connection in series with said joints, 

each said universal joint being such that the telescoping 
action of one joint is independent of the action of the 
other. 

102. The combination set forth in claim 100 wherein 
said telescoping universal joint comprises a part of a drive 
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line including a second telescoping universal joint includ 
ing 

a driving member, 
a driven member, 
torque transmitting means between the driving and 

driven members, 
and means for limiting relative axial outward movement 

between said members, 
said means for limiting relative axial outward movement 
of said second joint comprising a pair of cooperating 
surfaces, 

said surfaces coming into contact to limit the stroke, 
said surfaces being in continuous contact as the universal 

joint rotates during the stroke limiting action, 
one of said surfaces being associated with one of said 

driving member, driven member or torque transmit 
ting means, and the other of said surfaces being asso 
ciated with another of said driving member, driven 
member or said torque transmitting means, 

each said universal joint being such that the telescoping 
action of one joint is independent of the telescoping 
action of the other. 

103. A telescoping universal joint comprising 
an outer driving or driven member, 
an inner driving or driven member received within said 

outer member and axially movable with respect to 
said outer member, 

axially extending grooves in at least one of said outer 
member and said inner member, 

torque transmitting means between said members and 
engaging said grooves, all of which maintain driving 
contact with the driving and driven members during 
operation of the joint, 

and means for limiting the relative movement in each 
axial direction between said members and for main 
taining said members in fixed axial relationship while 
limiting said axial movement between said members 
as the joint rotates at any angular alignment of the 
members, 

said limiting means in each direction comprising 
a pair of cooperating surfaces which engage one another 
and maintain continuous contact as the universal joint 
rotates during the limiting action, 

one surface of said pair being a surface on one of said 
driving member and said driven member and the 
other surface of said pair being a surface of the other 
of said driving member and said driven member. 

104. A universal joint according to claim 103 wherein 
one surface of each pair of cooperating surfaces is spherical 
in shape. 

105. A telescoping universal joint comprising 
an outer driving or driven member, 
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an inner driving or driven member received within said 

outer member and axially movable with respect to 
said outer member, 

axially extending grooves in at least one of said outer 
member and said inner member, 

torque transmitting means between said members and 
engaging said grooves, all of which maintain driving 
contact with the driving and driven members during 
operation of the joint, 

and means for limiting the relative axial movement in 
the outward direction between said members and for 
maintaining said members in fixed axial relationship 
while limiting said axial movement between said 
members as the joint rotates at any angular alignment 
of the member, 

said limiting means comprising a pair of cooperating 
surfaces which engage one another and maintain 
continuous contact as the universal joint rotates dur 
ing the limiting action, 

one surface of said pair being a surface on one of said 
driving member and said driven member and the 
other surface of said pair being a surface of the other 
of said driving member and said driven member. 

106. A telescoping universal joint comprising 
an outer driving or driven member, 
an inner driving or driven member received within said 

outer member and axially movable with respect to 
said outer member, 

axially extending grooves in at least one of said outer 
member and said inner member, 

torque transmitting means in said grooves, 
positioning means novable with respect to said members 

to assist in positioning said torque transmitting means 
relative to said members, 

and means for limiting the relative movement between 
said members in each axial direction and for main 
taining said members in fixed axial relationship while 
limiting said axial movement between said members 
as the joint rotates at any angular alignment of the 
members, 

said limiting means in each direction comprising a pair 
of cooperating surfaces which engage one another and 
maintain continuous contact as the universal joint 
rotates during the limiting action, 

one surface of said pair of cooperating surfaces being a 
surface of one of said driving member, driven member 
and positioning means, and the other surface of said 
pair of cooperating surfaces being a surface of another 
of said driving member, driven member and position 
ing means. 

107. A universal joint according to claim 41 wherein one 
surface of each pair of cooperating surfaces is spherical in 
shape. 


