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the specific applications while the maximum intermittent operat-
ing angle must be less than the maximum angular capability for a
given joint design. For live, rigid front axle applications, normal
operating angles have ranged from 0-1% deg, while the
maximum intermittent operating angle has been limited generally
by the steering knuckle design.

For independent wheel suspension axle driveshafts such as
employed in passenger car applications, normal operating angles
as high as approximately 6 deg have been used, while the
maximum intermittent operating angle during suspension and
steering movements must not exceed the maximum angular capa-
bility of the joint.
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Rating Procedure

The trunnion pin type of double Cardan joint can be rated on the
same basis as the Cardan and double Cardan joints where the term
bearing factor is used in rating and comparing joint sizes. In
addition, the joint can also be rated as described in Appendix I.

Applications

The trunnion pin type of double Cardan joint has found its
greatest usage as the outboard joint in axle driveshafts of front
drive vehicles where there has been a need for a constant velocity
joint providing a relatively high joint angle capability. The
maximum angular design capability of this joint is approximately
40 deg.
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The normal design operating angle of the joint will depend on
the specific application, while the maximum intermittent operat-
ing angle must be less than the maximum angular capability for a
given joint design. For live, rigid front axle applications, normal
operating angles have ranged from 0-1% deg, while the maximum
intermittent operating angle has been generally limited by the
steering knuckle design. For independent wheel suspension axle
driveshafts, such as those incorporating the typical two-joint
halfshaft construction, normal operating angles as high as approx-
imately 6 deg have been used, while the maximum intermittent
operating angle during suspension and steering movements must
not exceed the maximum angular capability of the joint.
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groove coupling is a hemispherically-shaped intermediate
member with tongue and groove located normal to each other.
The groove mates with one of the fork yokes, while the tongue
engages a groove of another intermediate member. This member
is the grooved coupling which is a hemispherically-shaped inter-
mediate member with two grooves located normal to each other.
Since one of the grooves provides for engagement of the tongue,
the other groove mates with the second fork yoke. In this manner,
all four joint members are joined together and are thus able to
transmit torque at various joint angles within the design range.

Since all the engaging bearing surfaces must slide relative to
each other under load, these surfaces must be adequate in area to
provide for acceptable levels of bearing stress. During assembly
of the joint, the intermediate components are usually assembled
as matched sets to limit the torsional lash. Generally, all machin-
ing of the joint components including grinding is done prior (0
heat treatment. The external supporting, centering, and sealing
means for this joint are dependent upon the specific application
and will, therefore, not be discussed here.

Material Selection

The selection of optimum materials for the Tracta joint compo-
nents is based on ultimate strength, fatigue strength, and other
functional and durability requirements for a given application, as
well as economical processing advantages.

The fork yokes are usually made from medium carbon alloy
steel forgings which are heat treated to meet the torsional strength
requirements and provide the necessary surface hardness of the
fork plane bearing surfaces. A typical heat treatment procedure is
to through harden the fork yokes to R 45-55 and then retemper the
shaft and splined ends to R.41-46 to prevent brittleness.

The tongue and groove coupling and the grooved coupling are
generally made from low carbon alloy steel forgings which are
heat treated to meet the required torsional strength and provide the
necessary surface hardness of the plane bearing surfaces. A
typical heat treatment procedure of these two components is to
carburize them to a suitable case depth and then surface harden
them to R 58 minimum.

After heat treatment, the four joint components are usually
coated with a fine grain conversion coating of manganese iron
phosphate. Besides reducing the friction, the phosphate coating
acts as a “‘wear-in"' or “‘break-in"" agent for the mating sliding
surfaces.
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Lubrication

The Tracta joint generally operates submerged in lubricant
inside the closed steering knuckle of a vehicle's front live axle
steerable wheel. This typical lubricant is either a lubricating
mineral oil of SAE viscosity number 90 or 140, or a lubricating
grease. Extreme pressure and other additives are incorporated, as
required, to impart to or enhance specific properties or perfor-
mance characteristics of the lubricant.

Typical basic performance requirements of a lubricating oil or
grease which must be met and its various properties are described
in the SAE Handbook under Automotive Lubricating Greases. In
addition to providing for optimum joint life by reducing friction
and wear at all bearing surfaces, the lubricant used must perform
satisfactorily in all environmental conditions of the joint
application.

Rating Procedure

The Tracta joint can be rated as described in Appendix 1.

Applications

The Tracta joint has found usage in the closed steering knuckle
of live, rigid front axles of all wheel drive highway and off-
highway commercial and military vehicles where there has been a
need for a constant velocity joint providing a relatively high joint
angle capability. The maximum angular design capability of this
joint is in the range of 40-45 deg, which is greater than the angular
capability of the closed steering knuckle. In these rigid front axle
applications, the normal design operating angles have ranged
from 0-1% deg, while the maximum intermittent operating angle
has been limited by the steering knuckle design.
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trunnions, to provide the required wear characteristics and bend-
ing strength. The trunnions are then finish ground.

The balls are generally made of chromium steel which are
hardened to a typical range of R,62-65 and finish ground or finish
lapped. The balls can also be made of low carbon alloy steel
which are carburized to an adequate case depth and surface
hardened to a typical R.60 minimum before finish grinding. In
addition to providing for an adequate surface hardness and case
depth in the housing ball bores, the bore wear can sometimes be
reduced by modifying the ball surface finish by, for example,
lapping after finish grinding. Also, a phosphate type coating can
be applied to the housing if desired. The needle rollers are made of
chromium stee] which are hardened to a typical range of R.60-64
and finish lapped. The retaining rings are usually made of carbon
spring steel.

The elastomeric material of the boot seal is generally a synthe-
tic rubber which must exhibit specific resistance to the action of
petroleum-based fluids and permit the seal to function satisfactor-
ily for any environmental operating condition of the joint appli-
cation. The seal adapter, seal retainer, housing end cover, hous-
ing cover, and clamps are usually made of plain low carbon steel.
The metallic bands are generally aluminum or copper. The non-
metallic bands are usually synthetic rubber with thin rectangular
sectioned bands located at the housing end and with thick rectan-
gular or other geometric sectioned bands employed at the shaft
end. The garter springs are generally made from high quality
spring steel wire, such as typical music wire, while the spiral
spring wire clamps are usually made from conventional spring
steel wire. The O-ring seal material is generally a synthetic
rubber, while the gasket is usually made from gasket paper. When
the nonrotating boot seal is used, the bearing operating on the
rotating shaft can be made of various typical plain bearing mate-
rials and the oil seal is generally of the elastomeric lip type.

Lubrication

The end motion type of tripot joint has a relatively large
capacity for lubricant and is generally lubricated for life with an
NLGI grade number 1 or 2 lubricating grease. A typical lubricant
of this type usually consists of a refined mineral oil and lithium or
calcium 12 hydroxy stearate soap. When the joint operates within
the differential, it may be lubricated if desired, with the same
lubricating mineral oil used in the differential which is generally
of SAE viscosity number 90. Extreme pressure and other addi-
tives are incorporated, as required, to impart to or enhance
specific properties or performance characteristics of the lubricant,

Typical basic performance requirements of a lubricating grease
or oil which must be met and its various properties are described
in the SAE Handbook under Automotive Lubricating Greases. In
addition to providing for optimum joint life by reducing friction
and wear at all bearing surfaces, the lubricant used must perform
satisfactorily in all environmental conditions of the joint applica-
tion.

Rating Procedure

The end motion type of tripot joint can be rated as described in
Appendix 1.

Applications

The end motion type of tripot joint has found wide usage in axle
driveshafts of front and rear drive vehicles where there has been a
need for a constant velocity joint providing a relatively large axial
movement capability. Depending on the axial stroke requirement
of an application, the maximum angular design capability of this
joint is approximately 25 deg.

The normal design operating angle of the joint will depend on
the specific application, while the maximum intermittent operat-
ing angle throughout its entire axial stroke range must be within
the limit lines of the angular capability chart for a given joint
design as described in Appendix G. For relatively large passenger
car applications, normal operating angles as high as approxi-
mately 4 deg have been used, while normal operating angles as
high as approximately 7 deg have been employed in relatively
small passenger car applications. It has been found that if gener-
ally low operating angles are maintained, objectionable shudder-
type of disturbances are not created.
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sufficient to meet the contact load requirement explained in
Appendix A.

The inner race is usually made of plain medium carbon steel.
After finish broaching the ball grooves and spline, the inner race is
induction hardened to an adequate case depth and a typical R.60
minimum surface hardness in the ball grooves and on the outer
surface to provide the required wear characteristics and torsional
strength. As in the case of the outer race, the case depth in the ball
grooves must be sufficient to meet the contact load requirement.
The inner race can also be made of low carbon alloy steel which is
carburized to an adequate case depth and surface hardened to a
typical R.60 minimum to meet the functional and durability
requirements.

The cage is generally made of low carbon alloy steel which is
carburized to an adequate case depth and surface hardened to a
typical R.60 minimum to provide the necessary wear characteris-
tics and strength. The window flats are then finish ground. When
the partly spherical section cage design is used, the outer surface
is also commonly finish ground. The balls are made of chromium
steel which are hardened to a typical range of R.62 - 65 and finish
lapped. The retaining rings are usually made of carbon spring
steel.

The elastomeric material of the boot seal is generally a synthet-
ic rubber, which must exhibit specific resistance to the action of
petroleurn-based fluids and permit the seal to function satisfactor-
ily for any environmental operating condition of the joint appli-
cation. The seal adapter, outer race end cover, and clamps are
usually made of plain low carbon steel. The O-ring seal material is
generally a synthetic rubber, while the gasket is usually made
from gasket paper.

Lubrication

The cross groove joint is generally lubricated for life with an
NLGI grade number |1 lubricating grease. A typical lubricant of
this type usually consists of a refined mineral oil and lithium 12
hydroxy stearate soap. Extreme pressure and other additives are
incorporated, as required, to impart to or enhance specific proper-
ties or performance characteristics of the lubricant. Molybdenum
disulfide is a common extreme pressure additive.

Typical basic performance requirements of a lubricating grease
which must be met and its various properties are described in the
SAE Handbook under Automotive Lubricating Greases. In addi-
tion to providing for optimum joint life by reducing friction and
wear at all bearing surfaces, the lubricant used must perform
satisfactorily in all environmental conditions of the joint
application.

Rating Procedure

The cross groove joint can be rated as described in Appendix I,

Applications

The cross groove joint has found usage in axle driveshafis of
front and rear drive vehicles where there has been a need for a
constant velocity joint providing end motion capability. In addi-
tion, this joint has also been used in vehicle main drivelines.
Depending on the axial stroke requirement of an application, the
maximum angular design capability of this joint is approximately
25 deg.

The normal design operating angle of the joint will depend on
the specific application, while the maximum intermittent operat-
ing angle throughout its entire axial stroke range must be within
the limit lines of the angular capability chart for a given joint
design as described in Appendix G. For passenger car applica-
tions, normal operating angles as high as approximately 6 deg
have been used in independent wheel suspension axle driveshafts,
while normal operating angles as high as approximately 4 deg
have been employed in main drivelines.
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The elastomeric material of the boot seal is generally a synthe-
tic rubber, which must exhibit specific resistance to the action of
petroleum based fluids and permit the seal to function satisfactor-
ily for any environmental operating condition of the joint appli-
cation. The clamp is usually made of plastic or plain low carbon
steel.

Lubrication

The fixed center type of double offset joint is generally lubri-
cated for life with an NLGI grade number 2 lubricating grease. A
typical lubricant of this type usually consists of a refined mineral
oil and lithium 12 hydroxy stearate soap. Extreme pressure and
other additives are incorporated, as required, to impart to or
enhance specific properties or performance characteristics of the
lubricant.

Typical basic performance requirements of a lubricating grease
which must be met and its various properties are described in the
SAE Handbook under Automotive Lubricating Greases, In addi-
tion to providing for optimum joint life by reducing friction and
wear at all bearing surfaces, the lubricant used must perform
satisfactorily in all environmental conditions of the joint applica-
tion.
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Rating Procedure

The fixed center type of double offset joint can be rated as
described in Appendix I.

Applications

The fixed center type of double offset joint has found usage in
vehicle steering shaft applications where there has been a need for
a constant velocity joint operating at relatively high joint angles.
In these applications, the joint operates at relatively slow speeds
and low torque loads. The maximum angular design capability of
this joint is in the range of approximately 40-45 deg.

The normal design operating angle of the joint will depend on
the specific application, while the maximum intermittent operat-
ing angle must be less than the maximum angular capability fora
given joint design. For steering shaft applications, the relatively
continuous operating angle is limited by and must be less than this
maximum angular capability.
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TABLE | — TYPICAL DRIVESHAFT TUBING TOLERANCES

Tolerances
Straighiness
Tube Wall Outside Ovality T.L.R. Max. Wall
Diameter, Thickness, Diameter, T.I.R. Max., Runout,” Thickness,**
In In In In In In
1.750-1.875 0.109-0.120 +0.0035 0.005 0.010 +0.003
1.750-1.875 0.083-0.095 =0.003 0.004 0.008 +0.0025
1.750-1.875 0.065 +0.004 0.005 0.008 +0.0025
2.000-2.250 0.083-0.134 +=0.003 0.004 0.010 +0.003
2.000-2.250 0.085 +0.004 0.005 0.010 +0.003
2.281-2.500 0.095-0.134 +0.004 0.005 0.010 +0.003
2.281-2.500 0.065-0.083 +0.004 0.006 0.010 =0.003
2.531-3.000 0.085-0.134 +0.004 0.005 0.012 +0.003
2.531-3.000 0.065-0.083 +0.005 0.006 0.012 +0.003
3.031-3.500 0.085-0.134 +0.005 0.007 0.012 +0.003
3.031-3.500 0.065-0.083 +0.006 0.009 0.015 +0.003
3.531-4.000 0.095-0.134 +0.007 0.010 0.020 +0.0035
3.531-4.000 0.065-0.083 =0.010 0.015 0.025 +0.0035
4.031-5.000 0.095-0.238 =0.015 0.013 0.025 +0.004
4.031-5.000 0.065-0.083 +0.020 0.040 0.030 +0.005
5.031-6.000 0.085-0.238 +=0.020 0.030 0.030 +0.0055
5.031-6.000 0.065-0.083 +0.025 0.040 0.040 +0.005

The gage variation around the circumference of any one tube exclusive of the weld is 0.003 in. Driveshaft tubing is usually supplied fiash-in with the
ends sized for a sufficient distance on each end to permit the proper insertion of the mating member; or the flash may be removed for the entire length of
the tube to a maximum height of 0.010 in.

NOTE: The above table covers lengths up to and including 60 in.
*Excluding Ovality
**Strip Stock
Sheet stock is also used and has wall thickness tolerances approximately double the strip stock tolerances shown.
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This critical or natural frequency is within the 1000-2000 cpm
range for typical support bearings. Thus, the support bearing will
respond to driveline unbalance or first order excitation at 1403
rpm shaft speed. The secondary couples excite the support bear-
ing when the driveshaft is rotating at one half of the support
bearing's basic response frequency. Therefore, the second order
driveline excitation will occur at 702 rpm shaft speed.

For this vehicle, N/V the ratio of driveshaft speed in rpm to
vehicle speed in mph can vary from 37-46 depending on the rear
axle ratio and tire size selected for a particular vehicle. Thus, the
first and second order vehicle disturbing or exciting speeds are:

First Order
For i = 37
Vv
37
For -N— =46
_ ,14423_ =30 mph
V= 4
Second Order
For L. a7
A%
V= TR 19 mph
37
For D 46
V= L 15 mph
46

Hence, first order disturbances will occur in the 30-38 mph
vehicle speed range and second order disturbances will occur in
the 15-19 mph speed range.

In the preceding computations for the shaft support bearing
designs of the two vehicle applications considered, it is noted that
damping does not appreciably affect the natural frequency of the
support bearing. Therefore, since low damping is generally de-
sired, the effect of damping may be neglected in approximate
computations.

Thus far the discussion on shaft support bearings considered
onfy the application of typical multipiece driveshaft arrangements
where, in addition to providing for damping of first and second
order driveline produced excitations, the support bearing also is
required to support a portion of the shaft’s weight at an inter-
mediate location. In some passenger cars with independent rear
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suspension, one piece driveline arrangements have also been used
which required the need of a shaft support bearing for whip
control. In these vehicle drivetrain arrangements, the driveline
geometry remains constant or relatively constant and is not af-
fected by suspension movement or change in load because the
final drive is frame mounted.

These arrangements have incorporated either a typical open
driveshaft design of a relatively small shaft diameter in proportion
to its length with a universal joint at each end, or a driveshaft of
similar geometric proportions operating inside a torque tube. In
the open driveshaft construction which is of rather limited usage,
the maximum shaft diameter may be limited by the necessary
clearance required between the shaft and vehicle underbody,
while in the torque tube installation, the maximum shaft size is
dictated by the required annular clearance space inside the torque
tube. The torque tube construction may be of the flanged end type
which serves as a structural member and rigidly connects the
engine and transmission with the rear axle housing, and thus no
universal joints are used with the driveshaft. Generally, this
driveshaft has a splined means of attachment at each end.

The full length torque tube was also once commonly used in
passenger car drivetrain arrangements with rear unsprung live
axles. In addition to the driveshaft transmitting torque from the
engine and transmission to the live axle final drive in such a
system, the torque tube must resist driving and braking thrust
forces from the rear wheels to the vehicle through a commonly
called torque ball design at its front end. This torque ball also
provides for angular movement during suspension motion since
the rear end of the torque tube is rigidly flange connected to the
final drive housing. Thus a universal joint is required in the
driveshaft at the torque ball, while the rear end of the shaft is
attached to the final drive pinion shaft with a splined connection.
When clearance space beneath the underbody and vehicle un-
sprung weight are not of importance, the torque tube may be made
large enough to allow a relatively normal size tubular driveshaft to
operale inside it which was once common practice. However,
when reduced clearance space and weight are necessitated by
vehicle design, the driveshaft diameter may become relatively
small in proportion to its length.

Depending on the vehicle application parameters, the
driveshaft may be either of solid bar or tubular shaft construction
when the open driveline or torque tube configurations are
employed. Although the tubular shaft is larger in diameter than a
solid bar shaft for a given application, it can provide for a
reduction in weight as well as an increase in torsional and trans-
verse stiffness,

When these relatively small diameter drivelines are employed,
one or more rubber isolated support bearings are required to
permit the shaft to operate safely above its critical speed and to
reduce the transmissibility of unbalanced forces. Both critical
speed and unbalance are first order excitations. In the chapter on
Critical Speed, it is shown that the critical speed of a shaft is
affected by its area moment of inertia, weight, length, and mate-
rial modulus of elasticity. Hence, depending on the particular
design, these drivelines of relatively small diameter must operate
not only above their lowest critical speed but may also have to
operate above higher orders or harmonics of the fundamental or
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lowest critical speed. Also, when such a shaft incorporates typical
Cardan universal joints at each end, the effect of the twice per
revolution secondary couple excitation on critical speed must be
considered. This excitation can produce an effect like a critical
speed at one half of the lowest or fundamental critical speed.
Therefore, such driveline designs must be analyzed and evaluated
with regard to the mode shapes of the lateral and vertical bending
modes for the various possible orders of excitation to determine
the optimum location of the support bearing along the shaft
length. Positioning a support bearing at a nodal point would
obviously be least desirable. This study may also indicate the
necessity to use more than one suppont bearing. In an open
driveline arrangement, the support bearing is generally attached
to the frame, while in a torque tube design the support bearing is
positioned inside the torque tube at its optimum longitudinal
location.

In addition to full length torque tube designs, modified or short
torque tube constructions have alsp been used in some passenger
car drivetrain systems. Generally, in these vehicle drive system
layouts, the front portion of the driveline is a typical open tubular
shaft with a universal joint at each end. The rear end of this open
shaft is attached to a shaft which is usually of solid bar construc-
tion and operates inside a short torque tube. The torque tube is
rigidly flange connected to the final drive housing of the rear
unsprung live axle, while the rear end of the bar shaft is attached
to the final drive pinion shaft with a splined connection. The front
end of the bar shaft protruding from the torque tube must be

supported with a support bearing which is attached to the frame.
Since no torque ball is incorporated in this modified torque tube
construction, suspension control members must be included in the
vehicle chassis layout to transfer the driving and braking thrust
forces from the rear wheels to the frame.

References

I. H. I. F. Evernden, *“The Propeller Shaft or Hooke's Cou-
pling and the Cardan Joint,"" Proceedings of the Institution of
Mechanical Engineers, October, 1949, pp. 100-110.

2. P. ]. Mazziotti, Universal Joints and Propeller Shafis,
Dana Corporation Bulletin J-137], October 15, 1954,

3. R. R. Burkhalter and P. J. Mazziotti, The Low Silhouetre
Driveline, SAE Paper 691, 1956.

4. F. F. Timpner, 196] Tempest Driveline, SAE Paper 320A,
1961.

5. D. P. Marquis, Low Tunnels Mean High Angles, SAE
Paper 320C, 1961.

6. Engineering Handbook of Molded Products, The B. F.
Goodrich Company, 1962.

7. P. J. Mazziotti, Dynamic Characteristics of Truck
Driveline Systems, SAE Paper SP-262, 1964.

8. Handbook of Molded and Extruded Rubber, The Goodyear
Tire and Rubber Company, 3rd ed., 1969.

American Axle v. Neapco - IPR2025-00090
PET_AAM_1012-0214



American Axle v. Neapco - IPR2025-00090
PET_AAM_1012-0215



American Axle v. Neapco - IPR2025-00090
PET_AAM_1012-0216



American Axle v. Neapco - IPR2025-00090
PET_AAM_1012-0217



American Axle v. Neapco - IPR2025-00090
PET_AAM_1012-0218





