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1. Installation and arrangement of universal drivelines

1.1 Basic installation rules

When a single universal-, cross- or ball joint is
rotated uniformly in an angled position, a non-
uniform motion occurs at the output side. (See
motion characteristices and torques under 2).

This fluctuation is eliminated when two single
joints are connected, forming a driveline. To
obtain complete synchronous mation, the fol-
lowing conditions must be met:

a) Equal deflection angles at both joints
(By=R,)

b) The two inner forks must be in one plane.

c) In- and output shaft must also lie in one
plane.

Exception:

If a driveline is angled three-dimensionally,
in- and output shafts are not located in one
plane. To obtain a uniform output motion, it is
necessary in this case to offset the inner forks
relative to each other so that they end up in
the same plane of deflection created by their
joints. Also, the three-dimensional deflection
angles must also be equal. (Qur Engineering
Department will glady assist you in determi-
ning the correct angular offset).

Input Uniform

—
a \

Output Non-uniform

Note:

Incorrectly assembled universal joints do not equalize fluctuating output motion.
They amplify it. This can lead to early joint bearing and spline failure. Therefore,
when assembling the two driveline halves, the marker points on the spline shaft
and spline sleeve must face each other.
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The cross Journals and the needle bearing
cups wear simultaneously. It is therefore ne-
cessary to replace both the cross and the
needle bearings, if they show signs of wear.

Knock lightly €}

Brass bolt

1.2 Disassembly

1. Eliminate the tension between circlips and
cups (see picture 1).

2. Remove circlips (with special pliers).

3. Press out one cup at each yoke
(see picture 2).

4. Grip cup extending out of the yoke and pull
them out (see picture 3).Use aluminium or
plastic hammer.

5. Press out and pull off the opposite cup.

6. Remove cross (see picture 4)..

Pic. 1

Use constant force to press .
or hammer against the yoke Pic. 3

1.3 Assembly. 7) T
use a press

1. Insert the cross (see picture 4).

2. Press in the bearing cup on one side and
secure it with a circlip (see picture 5).

3.Press in and secure the opposite cup
(see picture 6).

4. Insert the cross in the second yoke.Then
press in the bearing cup and secure.

5. Tensions in the universal joint can be elimi-
nated by lightly hammering against the yo-
kes. The joint will then move more freely. Pic. 5

Instructions for Exchanging the Attention:
Cross Assemblies in Double Joints for
Steering Axles:

The bearing cups of the centre piece
are fitted with a detaching thread.
These cups can therefore be removed
with a puller after removing the screw
plugs.

All other steps for assembling and di-
sassembling are the same as described
above.

the inside diameter of the cup.

to a minimum.
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Push in, if possible
with press

T Pic. 4

Before pressing in the bearing cups, make sure that all needles are in contact with

After replacing any worn parts, high-speed shafts must be rebalanced in accor-
dance with rating Q16 of theVDI recommendations 2060. If the shaft is only subject to
low speeds, rebalancing is not necessary. The speed limit lies between 500 and 800
rpm depending on size and design of the shaft.

If, for any special reason, high-speed shafts cannot be rebalanced, the individual
components of the yoke should be carefully marked before disassembling so that
they can be realigned exactiy after-wards. In this way the Unbalance can be limited
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1.4 Arrangement configuration

Z-Configuration:
In- and output shaft are parallel
to each other in one plane.

Requirement: By =R,

W-Configuration:
In- and output shaft intersect
in one plane.

Requirement:  B;=R8,

Three-dimensional configuration:
(Combined Z and W configuration)

In- and output shaft cross each other offset in
space. No common plane exists. Therefore the
inner forks must be offset by the angle

v (See 1.1, Exception”).

Requirement:  Rg; = Bg,

The resultant three-dimensional deflection
angle B derived from the vertical and horizon-
tal angular deviation, is calculated as:

Bg = arctan \ tan? B, + tan® B,

ik fodisisf
o it sefofie
B s B ORI R
e

4

/ No Compy Wi
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2. Motion relationships and torques

2.1 Rotation angle of a single joint
as a function of deflection angle §

@1 = Input—rotation angle
¢, = Output — rotation angle

If a single joint is deflected by angle B and ro-
tated in this condition, rotation angle o, of the
output shaft differs from rotation angle @, of
the input shaft. The relationship between the
two rotation angles is as follows:

tang;,

tan @, =
2 cos B

As can be seen from the adjacent diagram,
maximum lead occurs at about 45 °, maximum
lag at about 135°.

Fork position ¢ = 0° is then obtained, when
the input fork is located in the deflection-
plane of the joint.

2.2 Motion and torque characteristics
of a sigle joint
as a function of deflection angle

Mgy = Input torque

Mg = Output torque

®; =Input—angular velocity
oy = Output —angular velocity

When analyzing the motion and torque charac-

teristic of a singular joint, it is found that with
a constant angular velocity- and torque input,
a fluctuating motion and torque curve is obtai-
ned at the output. The reason for this fluctua-
tion can easily be illustrated by following the
torque characteristic at the fork position ¢ =
0° and ¢ =90° as shown at left. Since the
torque can only be transmitted in the spider
plane, the spider however, depending on the
fork position, is always at a right angle to the
input or output axis, output torque fluctuates
twice per revolution between My - cos B and
Mg/cos R.
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The transmitted power, however, My o o) My
is constant_d|sregard|ng friction losses My o o M,
in the bearings.
i Md T
Therefore, the following applies: wr § Ml
N; = N, = Constant = | 5] |
== . =
7 7
Md| g O)|1 = Md“ s = Constant \\ / \ | g/
\ =30 |
5 |
My oy _ cos B ! ___H.\ / [EFAES] \ / /,____
2 in2| d
Mgy o) 1-cos? @y - sin?B < / 7o ~\ i ¢
. . , e\ e n L L B
For fork position ¢;=0° we obtain: %\\ = //\\ —
Ma _ 1 _ _ Oimax —T A \ “‘T--_..E;. / \ ]
Mt min cosB o) o8 o \ Y
L ~ | 1\ g4t |
il 2
and for fork position ¢,=90°: Qi
——‘3; Output
Mg - cosB = Ol min folrkposiiiun: I‘_ﬁ =ol'.m-l
Mdll max (O] as T T T T T 1 T
2.3 Motion and torque characteristic
of a universal driveline
as a function of deflection angles
Ry and B,
Section 2.2 illustrates that angular velocity the first joint by means of a shaft. Then, the same. (See also Section 1.1 and 1 .4).
and torque at the output of a single joint non-uniform motion of the first joint can be
follow a sinusoidal pattern with a 180° cycle.  balanced by the non-uniform motion of the
Maximum angular velocity oy ;s Max coin- second joint. The required 90° phase shift is
cides with minimum torque Mg i min and always then met, when the two inner forks
vice versa. From this can be derived that a uni-  happen to be in the deflection plane of their
form output is then possible,when a sec-ond respective joints. Moreover, the two deflection
joint, having a 90° phase shift is connected to  angles §; und B, of both joints must be the
With unequal deflection angles, complete compensation is not possible.
For B, > & the following applies:
( O] min ) _ cos B,
oy max cos B,
( 0)”mi") B cos B, 37} B1 # 82
o Imn cos B, — T
wI : u!’“
( Mai ) _ cos B, S //Y
Mg max cos 3, —— Bz
( Mai ) _ cos 3,
Mg min cos B,
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3. Fluctuation rate
3.1Single joint

As explained under 2.1, on a single joint the
output velocity deviates from the input
velocity. This means, the speed ratio is not
uniform. This non-uniformity (fluctuation) can
be calculated as a dimensionless value:

Fluctation rate

® max— @2 min
U = —mex —emn
o1 cos B

—cosfB

3.2 Universal driveline
(2 joints connected in series)

If the preconditions listed in Chapter 1 for ob-

taining a complete motion compensation
cannot be met, it must be aimed for that:
U £0,0027.

Joint 1
+
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3.3 Universal driveline
with more than two joints

Design requirements might dictate the use
of a universal driveline that employs more
than 2 joints. This universal driveline, how-
ever, must then incorporate an intermediate
bearing.

Here, also, the condition applies:

Uges < 0,0027.

Here, Uges expresses the total fluctuation

of the driveline.

Observe, when determining Uges:

a) Joints with the same fork position get
the same sign.

b) The fluctuation rate of each joint must
be calculated individually U, U, Us.

c) The signs must be observed when
adding:

Upes = *U U205

Since the rate of fluctuation is a function of
deflection angle B, a limiting condition can
be set in regard to the resulting deflection
angle By

B = VB7283 83 <3°
B, corresponds to the deflection angle of

a single joint if it were to replace the entire
driveline.

Joint 2
+

Joint 3
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4. Offset angle

On drivelines with three-dimensional deflec-
tion angles, in- and output shaft are not lo-

cated in one plane. This results, if no special
measures are taken, in a non-uniform output
motion. The constantly repeating accelerati-
on and deceleration unleashes inertia forces

which can greatly reduce the life of the joints.

Example 1

tan By, tan By,
tany, = ; tany, =
tan By, tan By,

Offset angle Y=1—"2

Example 2

tan By, ‘ tan By,
; tany, =
tan B4 [

tany, =

Offset angle Y=ntT2

As shown by the graphic illustrations, on
both examples two directions of rotation
are possible:

However, not only the driveline, the driven
equipment also is subjected to these forces
and vibration caused by them. To avoid this,
the inner forks must be offset relative to each
other such that each fork ends up in the plane
of deflection of its joint. The angle between
both deflection planes is called offset angle y

and it can be obtained as follows.

I

tan nwf\ Vertical plane

tanny,

I

I
tan HMRHorizontal plane I
\1 tanfip,

b
I {w"d; I

- tanfy, i \

tan nWI\Vertical plane

I I starting

osition
fan/?ml/Horizontal plane

Example 1:

a) Rotate joint 1 counter clockwise by the
offset angle

b) Rotate joint 2 clockwise by the offset
angle.

The direction for viewing is, in both cases,

from joint 1 to joint 2.

Example 2:

a) Rotate joint 1 counter clockwise by the
offset angle

b) Rotate joint 2 clockwise by the offset
angle.

The direction for viewing is, in both case, from

joint 1 to joint 2.

By researching the offset angle, you always
have to take the graphic illustration.

Only in this way it is possible to find the right
direction of rotation and to determine wether
the offset angle y; and y, have to be summed
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5. Additional moments on the drive line Bearing loads on the in- and output shaft

In Section 2.2 it was shown that the torque is
being transmitted only in the spider plane and
that depending on the fork position, the spider
can be perpendicular either to the input axis

5.1 With Z-Arrangement

The adjacent illustration shows the loca-
tion and direction of the additional forces
and moments on drivelines having a Z-ar-
rangement, in particular for yoke angles ¢,
=0°and ¢; = 90°. This shows clearly, that
the driveline center part is stressed by the
torque which fluctuates between My - cos
and Mg/ cos R in torsion and by the additio-
nal moment My, periodically alternating, in
bending.

(See also Section 6.8).

Likewise, in- and output shaft are stressed
by Mz and Mg, periodically alternating in
bending. The resulting bearing load A and B
vary twice per revolution between O and
maximum value.

5.2 With W-Arrangement

According to the adjacent illustration, with
the W-arrangement, an additional force, “S"
is introduced, caused by the additional mo-
ments My, acting in the same direction. The
maximum force value occurs at fork position
¢1=0°, and it is being transmitted to the
input- and output shaft by the faces of the
spider pins.

5.3 Caused by axial displacement forces

If a driveline with an adjustable spline is
being changed in length while under torque,
in both cases, Z- or W configuration, addition
bearing loads are introduced, resulting from
the friction caused in the spline. The axial dis-

or the output axis.

What additional forces and moments this
causes on the driveline as well as on the bea-
rings of the in- and output shaft, is explained

briefly in the following chapter.

Bearing loads on in- and output shaft with Z-arrangement

Side view

v = 0°= 180°

Top view

Side view
n
A
Top view
A — -—
1}4 "] f ) [} &»
—|m Y o
La' = — kel ¥
a bJ Mzl —-Mzm
Driveline-center part stressed in bending
Mdl - tan B
Anax = Brax = — [N]

Bearing loads on in- and output shaft with W-arrangement

Side view

9 = 0°= 180°
BT Top view S{'_D
o I S r(f)-g
o === —
AT Y
Lodods s

In- and output shaft stressed in bending

_2-Mgy-sinB-b _Z-Md|-sinl3-(a+b)

A

L-a L-a

placement force Pa responsible for these
bearing loads is calculated as follows:

1 in B
P.=2-My-p (H + S'B )[N]

dy, is the spline pitch diameter, U the spline
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Side view

¥, = 90°= 270°

Top view

A4 T e
“LBTEK{':__'J 9|_” T
M.
a.LbJ 2T
In- and output shaft stressed in bending

5 Mg - tan B
a

[N]

overlap. Depending on configuration and lubri-
cation, the coefficient of friction for steel on
steel must be assumed to range from 0.11 to
0.15. Plastic coated splines have considerably
better sliding characteristics. Here, the fric-
tion value is approximately 0.08. Rilsan coated
splines are available from size 0.109 up.
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6. Fundamental data for sizing of universal drivelines

To size universal drivelines properly, various
conditions and factors must be considered. In
view of the multitude of possible applications,
exact, generally valid rules cannot be

6.1 Torques

The max. permitted torques Md,,, Stated for the
individual drive-shaft sizes apply normally only
for short-term peak loads.

Md,,on: Nominal torque for pre-selection on the
basis of the operating moment.

Mdir,: Limit torque that may be transmitted
temporarily from the universal-drive-joint at
limited frequency without functional damage.

6.2 Shock loads

Depending on the type of power input or
installation, a driveline can be subjected to
shock loads considerably above the rated
torque. To take those into account, shock
service factors must be implemented.
Following are some shock-service factors
for the most common drives

Of course, not only the drives, but, in many
instances, also the driven equipment is

responsible for shock loads. Because of the
magnitude of different possibilities, general
data valid for every use cannot be supplied.

6.3 Life expectancy — calculation

The decisive factor with regard to life expec-
tancy of universal drivelines are usually the
joint bearing. Therefore, in order to determi-
ne the individually required joint size, the life
ex-pectancy diagram shown later on should
beused. This diagram allows to:

a) determine the theoretical life expectancy
of a selected driveline as a function of
prevailing operating conditions, or

b) to determine the required joint size for a
given life expectancy.

provided. The following information is there-
fore used for the first rough determination of
size. In case of doubt, we will gladly compu-
te the required joint sizes for you and, in this

context, we like to refer to the technical ques-
tionnaires starting on page 189.

The respective permissible torque has to be cal-
culated individually depending on the remaining
operating data, such as shock loads, angle of de-
flection, rotation,etc. (See item 6.2 and 6.3)

Prime mover with flexible coupling without flexible coupling
Turbine or electric motor 1 1t015

Gasoline engine, 4 and more cylinders 1,25 1,75

Gasoline engine, 1 to 3 cylinders 15 2

Diesel engine, 4 and more cylinders 15 2

Diesel engine, 1 to 3 cylinders 2 25

In this case, the rated input torque is
multiplied by the appropriate service (shock)
factor and the My such obtained entered

in the following diagram. Other factors,
such as correction - or deflection angle

On machines or vehicles with changing ope-
rating conditions, at first, the individual life
expectancy values (for each condition) must
be determined from the diagram. Then the
overall life expectancy Ly can be calculated

factor do not have to be considered since as follows:
they are already incorporated in the 1, q; ... = time share in [%]
diagram. Lpy, Lz ... expressed in 10° [Hours]
100000
L= [Hours]
g4 K] qn
+ +
Lin Lh Lin
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6.4 Life expectancy-Diagram

In view of the multitude of applications, it is
not possible to determine the suitability of a
driveline by tests. Therefore, the selection and
analysis of the required joint size is done by
calculations. These are based on the compu-
tation of the dynamic load carrying capacity
of full rotation needle - and roller bearings ac-
cording to ISO recommendation R 281. The life
expectancy diagrams shown in the catalogue
are based on this recommendation and also
on an equation formula especially suited for
ob-taining nominal life expectancy on univer-
sal joints. The thus obtained life expectancy
lists the hours of operation that will be rea-
ched or exceeded by 90% of a larger number
of equi-valent universal joint bearings.

There are also methods of obtaining the mo-
dified life expectancy. In this case varying sur-
vival probabilities, material quality and ope-
rating conditions are taken into account. The
present technical know how does not allow
statements to be made about variations in life
expectancy-performance resulting from diffe-
rences in steel quality (grain, hardness, impu-
rities). For this reason, no guidelines have
been set in the International Standards.

All pertinent operating conditions, such as
operating temperature, lubrication intervals,
the type of grease used and its viscosity in
operation, must also be considered. Since
these factors vary from case to case, it is not
possible to determine the modified life
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expectancy and accordingly, a life expectancy
diagram valid for universal use.

The two following life expectancy diagrams
will allow you to roughly determine the nomi-
nal life expectancy.

If the deflection angle is smaller than £ = 3°,
18 = 3 should be used. Otherwise, the obtained
result will be less accurate.

If it is necessary to determine the life expec-

tancy accurately, kindly consult the ELBE
Engineering Department.
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6.5 Life expectancy diagram, Needle bearing
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Example
Universal driveline 0.113
Torque My = 800 Nm
Deflectionangle R = 5° 9 Life expectancy = 6900 hrs.
RPM n 1000 min’!
Procedure:

Torque =>» Joint size =» Defelction angle =» RPM => Life expectancy
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6.6 Life expectancy diagram, Roller bearing
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Example
Universal driveline 0.158
Torque Mg = 2000 Nm
Deflection angle R = 5° 9 Life expectancy = 7000 hrs.
RPM n 1000 min®
Procedure:

Torque =» Joint size = Defelction angle =» RPM => Life expectancy
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6.7 RPM and deflection angle

As shown in 2.3 by taking certain precautions,
a constant output can be obtained on a uni-
versal driveline. The center part, however, still
retains a non-uniform motion; it is subjected
twice per revolution to an acceleration and
deceleration. The resulting acceleration tor-
que caused this way is a function of the mass
moment of inertia of the driveline’s

center part as well as of rpm and deflection
angle. When regarding smoothness of opera-
tion and wear, the product of rpm and deflec-
tion angle should not be too high. For use in
general mechanical engineering, appropriate
guide values can be taken from the diagram
below, which is designed for universal driveli-
nes having a standard tubing of up

to 1500 mm length.

For vehicle drive trains, these guide values
must often be exceeded. Here, at most, up to
1.5 times of the diagram value can be permit-
ted.

- 012/0113 0180158
Joint size & 0.109./0110 \ 17701,
’1:/;./ P )
S ; =iiE 4000
1 -~
B T
L 3000
L~ ]
,///; e = .
- 2000
"Jf’!” /'Cr
> // A i 1500 A
T =
» " J’ L - =
y . - et L 'E
~ 000 E
s = =
o 5 s =
- e l-‘t:_
l -
@
gz 2
F 500 &
g5 30 2% 20° 5% 0% 9% g* 7° g° Lt i 3° 22

6.8 Critical speeds

As shown in 5.1, the center part of the angled
driveline, when transmitting torque, is being
stressed periodically in bending by additional
moment M. This incites the center part to
vibrate. If the frequency of this bending vibra-
tion approaches the natural frequency of the
driveline, maximum stress in all components,
buckling of the shaft and development of noi-
se will result.

To avoid this, long and fast running drivelines
must be checked for critical bending vibration
speeds. The critical, first order bending vibra-
tion speed of a driveline employing tubing can
be roughly calculated as follows:

\D? + 2

N ~ 1,21 108 T [min"']

D =Tubing-outside diameter [mm]
d =Tubing-inside diameter ~ [mm]
L = Center part length in [mm]

€ Max. deflection angle B (°)

Drivelines are used in the subcritical zone
only. For reasons of safety, it must be ensu-
red that the maximum operating speed is far
enough away from its system’s resonance
(critical) speed. Therefore, the following
applies:

Max. Operating Speed Ny~ 0,65 ne,[RPM]
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6.9 Larger tubing diameters

The critical bending vibration speed of a dri-
veline is, as can be seen from the critical rpm
formula, a function of tubing diameters and
length of center part. By going to larger tubing
diameters, the critical speed of a driveline can
be increased. However, the diameter increase
must remain within defined limits since a cer-
tain relationship between tubing dimensions
and joint size must be adhered to.

The dimension sheets of the different driveli-
ne models list the possible tubing dimensions
for each size. In all the cases where a single
driveline is insufficient, multiple arrangements
with intermediate bearings must be used.

It must be noted that larger tubing diameters are feasible only above a certain
shaft length. The following minimum lengths can be used as a angle line.

Flange diameter [mm] Up to 65

7510 100 120 to 180

Min. length S [mm] 650

6.10 Tubing diagram

For determining the required tubing diameter when maximum operating speed n,,, and center part length L are given.

950 1250

B R B © L
2 3] =Tl I @ € Tubing diameter D (mm)
(l ; ./ 'Il 'J 'J ¥ 6000
7 777 00
fﬂ'/ V.V.V..4D 44 4000
i
A g rd I’ A ] 3000
VII0 08 VAW,V 4
VI 44 A 4
7S ar e 7
AL LAt A 7 2000
. rd
Vd
TS A —
VAT I' v ¢
Y, y —_
prLs AL 000 E
rav sy 800 .‘:;
i 4 <
77 V. g
yry. rd Vi =
Iy yAW, 4 600 B
/ @
s 7 7 =
77 = b o
777 7/ wo E
7 7 E
A @
AL / 0 2
A 5
/! .
77 A4V 7 %
F; FVAVAD 4 AL ©
# i ;F rr A 200 =
8000 6000 4000 3000 2000 200
€ Center shaft length L (mm)
Example:
Center shaft length L =1600 mm

Max. operating speed  Nys = 3000 RPM

} Obtained: Tubing diameter = 70 mm
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7. Application principles for double joint shafts in steering axles

The double joint shafts of series 0.400.5 and
0.500.3 are intended for use in powered stee-
ring axles only.

7.1 Kinematic conditions

As shown in the sketch below, when steering
is activated, the axle system is rotated around
pin center D. The double joint deflects at its
two joint pivot points A and B. Since shaft Il
is fixed axially, shaft | must move in the direc-
tion 8. This causes unequal joint deflection
angles By and B, and therefore, also a non-
uniform (fluctuating) output motion. The fluc-
tuation can be kept very small provided joint
center C is offset toward the fixed side by the

compensation value X. This way, at a certain
deflection angle (= synchronous motion
angle B,) completely uniform motion is
obtained, i.e., the two joint deflection
angles B and B, are equal.

Rx = 30° bis 35° would be an appropriate
synchronous motion angle to select

= } Joint pivot point

center of the double joint
= rotation pin center
= distance of a joint point
from the center ot the double joint
= axial movement of floating shaft
= center offset on installation
.= uniform motion angle (synchronous)
= total deflection angle
1 } deflection angle of each
individual joint

2
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7.2 Center offset value x and max. slide

_ a _
movement e X = R d
cos 2*

The center offset X required for smooth output
can be derived from distance a and synchro-
nous motion angle §:
Calculated center offset value X for individual joint sizes:
Series 0.400, synchronous motion angle B, = 35°
Joint size 0.408 0.409 0411 0.412
Deflection angle R° 50 50 50 50
x [mm] 15 17 20 22
Series 0.500, synchronous motion angle B, = 32°
Joint size 0509 0510 0511 0512 0513 0515 0516 0518
Deflection angle R° 4247 |50 4247 4247 42|47 42|47 42147 4247
x [mm] 13[13 |16 15/16 16(17 17]18 1920 21122 22123
Sliding motion e at deflection angle &, and
also as a function of distance a and uniform 3
motion angle B,, can be calculated as follows: sinz B 4 \/ cos? BX _ginz B o2 B

e=2a 2 2 2 2 1

cos Bx
2

Max. slide motion e for the individual joint sizes:
Series 0.400, synchronous motion angle B, = 35°
Joint size 0.408 0.409 0.411 0.412
Deflection angle R° 50 50 50 50
e [mm] 6.5 72 83 92
Series 0.500, uniform synchronous motion angle &, = 32°
Joint size 0509 0510 0511 0512 0513 0515 0516 0518
Deflection angle R° 42|47 |50 4247 4247 42|47 42|47 42147 4247
e [mm] 45160 17.9 5269 58(7.8 6,181 6790 73]97 78]105

1.3 Sizing of double joint shafts

Max. possible torque should be used for de-
termining the required joint size. This could be
the input torque, calculated from prime mo-
ver output, gear ratio and power distribution,
or also the tire slippage torque, derived from
al-lowable axle loading, static tire radius and
coefficient of friction. The lower of the two va-
lues represents the maximum operating tor-
que which should be used for determining the

u Service Phone North America = ]
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proper joint size. The double joint shaft select-
ed this way will have adequate life expectan-

¢y, since the time percentage of maximum loa-
ding is usually low.
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7.4 Loads on the shaft bearing

Double joint shafts, when not centered, must
have a bearing support at both shaft halves
right next to the joint with one shaft half fixed
axially and the other floating axially. When
torque is being transmitted, additi-onal forces
occur which must be taken into account when
sizing the bearings.

ORIGINAL

GELENKE

185

Technical
Annex



Technical
Annex

186

1.5 Torque capacity of double joints as a function of deflection angle

Under torque, different force conditions exist
at the joint spider pins and center piece with
the double joint in an angled position than in
a straight position. The reason for this is that
the torque to be transmitted is not distributed
evenly over the joint spider pins any longer.
Also, as mentioned in Chapter 5, an additional
moment occurs. This additional moment must
be combined with the torque to be transmit-
ted.

100 1=

This resulting moment leads to higher comp-
res-sion loads and to a larger bending stress
within the joint spider pins. The diagram be-

low allows to take these factors into account.

It shows the percentage the maximum allo-
wable torque must be reduced in relation to
the deflection angle.

80

Max. allowable torque [%]

60

40

20
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8. Hints for the application of pin and block cardan joints,

ball and socket cardan joints

Torque calculation for needle bearing
equipped precision cardan shafts,
pin and block cardan joints,

ball and socket cardan joints, single

The values Md,, listed in the diagram repre-
sent limit values that may not be exceeded.
They are admissible in full altitude only at
small rotation speed and minor angle of de-
flection respectively at intermittent duty.

The transmissible torque varies depending on
the size of the angle of deflection.

Needle bearing equipped
precision cardan joints

Permitted max. operation moments of the
needle bearing equipped precision cardan
joints (Torque in Nm)..

Pin and Block cardan joint,
Ball and socket cardan joint, single

The empirical formula on the right can be used
for the rolled calculation of the required joint
size.

- —

(%) \

= e

2 075 ~N

=

S \\

= 05 AN

0,25
0
0 10 20 30 40
Angle of deflection B °
Speed (r.p.m.)

Joint type 250 500 1000 2000 3000 4000 5000
0.616 1 10 8 6 i 51 48
0.620 28 25 19 15 14 12,5 12
0.625 35 30 25 20 18,5 17 16
0.632 70 60 50 40 37 34 32
0.640 150 130 100 80 74 68 64
0.650 220 190 150 120 110 100 95
0.663 450 400 310 250 220 200 190
At My Speed x bending angle < 500

At05x Mdpa
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9. Transport and storage — installation information

Our universal drivelines are delivered ready
for installation. If not otherwise specified by
the customer, they are balanced dynamically
at n=2000 RPM according to classification
Q16 of the VDI recommendation 2060.

9.1 Transport and storage

To retain the high degree of balance, the dri-
velines must be protected during transpor-
tation or storage from blows or jolts. It is re-
commended to transport them in horizontal
position. When transporting them vertically,
appropriate measures must be taken to avoid
separation of the driveline halves. A horizon-
tal position is also preferred for storage of the
driveline, since doing so eliminates tipping
over and possible damage. Never store drive-
lines on the floor, but if possible, on wooden
shelves. At prolonged storage, blank metal
parts must be checked for corrosion, and if
necessary, treated again with a corrosion in-
hibiting oil.

9.2 Installation

Before installing drivelines, all traces of rust
inhibitor, dirt and grease must be removed
from the flange surfaces to preserve the coef-
ficient of friction vital for torque transmission.

Drivelines should not be separated at the spli-
nes and the halves interchanged, otherwise
the quality of balance is greatly impaired.

For the same reason, balance plates should
not be removed.

Prior to installing drivelines, it must be che-
cked that they are assembled correctly, which
means that the marking arrows on the splined
shaft and splined hub must face each other
(See also notation on Page 170).

This drivelines should be arranged such that
the spline, whenever possible, is protected
from dirt and moisture. As a rule, this means
installing the driveline according to the sketch

Transmission or
Intermediate
Bearing

above, where the spline seal points down-
wards so that spray water hitting it runs away
from the spline.

Fork position Offset by 90°

If two or more drivelines are arranged in se-
ries be-hind each other, it is recommended
that they be mounted offset to each other by
90°. Doing so will at least partially cancel to
the outside the effect of the mass accelerati-
on forces caused by the fluctuation motion of
the driveline center parts.

The necessary, bolting hardware for flange
mount-ing can also be supplied by us on re-

quest. For bolt grades and necessary bolt tor-
ques, see page 74. When torquing down the
bolts, if possible, a torque wrench should be
used and the torque should be applied evenly
in a crosswise pattern.

Our drivelines are delivered grease-packed,
ready for installation. However, after prolon-
ged storage, it is advisable to reapply grease
before putting them into service.
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10. Safety instructions and Maintenance

10.1 Safety instructions

The operator has to take corresponding safety
precautions that will exclude dangers to per-
sons and material by rotating drive shafts or
their components.

* On working on the drive-shafts the drive
has to be in quiescent condition

— set down engine and secure, so that the
drive can't be activated unauthorised by a
third person.

Installation, assembly and maintenance
work may be performed only by
competent personnel.

When installing and disassembling and
when transporting of the drive shafts don't
reach into the joints to avoid contusions
caused by tilting flanges or compon-
ents. Take suitable measures to avoid that
drive-shafts-shares slide apart uninten-
tionally and cause injuries or damage.
Fast mode or/and long shafts should be
lined with protection devices like safety
shackle and guard and protected against
touching or point potential dangers explici-
tly out.

Don't place weights onto shafts in stand-
still, don't place, hang or fasten tools or
other objects on the shafts.

10.2 General maintenance information

ELBE drive shafts will be delivered as fully fi-
nished power units, are ready for use greased
and balanced. To guarantee the characteristics
specified in the documentation the condition
upon delivery may not be changed.

The maintenance-cycle of the drive shafts
depends particularly on the application con-
ditions.

The user or operator hast to observe the legal
safety regulations and has to make arrange-
ments before beginning the maintenance-
work.

To avoid damages or dangers observe the fol-
lowing basic information:

e The permitted operating speed may not
be exceeded.

* Don't exceed the permitted angle of
deflection.

* In case of shafts with length extension
the maximum permitted X-value may not
be exceeded. It is recommended to use 1/3
of the complete length extension.

e The drive shaft has to be checked regularly
for modified running noises and vibra-
tions and if necessary to check the chan-
ging of the joint slackness and of the
length extension in standstill.

e The balance status of drive shafts may
not be changed.

 Don't make modifications or unauthorized
repairs without the written approval of
the manufacturer, as dangers for humans
and material result and any claim of war-
ranty becomes void.

Above-average load, variations in tempera-
ture and the effect of dirt and water render
it necessary to observe shorter maintenance
intervals to guarantee the safe and efficient
application.

We recommend coordinating the inspection
intervals of the drive shafts with the ones of
other machine parts or with the service inter-

 Drive shafts may not be cleaned with
pressure water or steam jet to avoid da-
mage of the seals and to prevent the pene-
tration of water and dirt.

* When cleaning don't use aggressive
cleanser.

* Protect plastics-coated profiles and
sliding surfaces against mechanical, ther-
mal and chemical damages. Sliding sur-
faces for seals have to be covered before
colouring.

 The drive shafts may only be installed in
fluid or solid media with written approval
of the manufacturer.

¢ Local heating of the drive shafts (e. g.
flame cleaning of colour residues) must not
be carried out to avoid significant changes
of the true running characteristics.

vals of the machine or of the vehicle.

Inspection and maintenance are required at
least once a year.

Application field

Commercial vehicles in street application
Commercial vehicles in street- and territory application

Commercial vehicles in pure construction-site and territory application

Earth-moving and construction machines
Stationary plant and machines construction

control and maintenance intervals
Joint

50.000 km or 1 year

25.000 km or 6 months

10.000 km or 1 month

250 operating hours or 1 month
500 operating hours or 3 months

length extension

maintenance-free
maintenance-free
maintenance-free or 100 hours
maintenance-free or 100 hours
maintenance-free or 3 months
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10.3 Lubrication guidelines

ELBE cardan-drive-shafts are normally equip-
ped with 3 cone-grease-nipples DIN 71412.
Thereby every joint will be greased over per
grease nipple, the third nipple serves for relu-
brication of the spline profile.

10.3.1 Lubricants

* Temperature range -30°C up to max.
+100°C. For relubrication of the drive
shafts use only lithium-saponified grea-
ses of consistency class 2 with penetrati-
on 265/295 and drop point approx. 180°C.
The lubrications may not contain MoS2-
additives.

10.4 Technical information

e Before lubricating clean grease nipples!

* The relubrication of the spline-length-
extension should be carried out at com-
pressed length S, or in the shortest
operation status (vehicle loaded). Non-ob-
servance may result in excess axial forces.

 Air vent may not be taken off or be
replaced by standard grease nipples.

* The lubricant may not be pressed in with
excessive pressure or with hard
lubrication impact.

10.5 Control information

e Fittings and connection flanges have to be
checked for firm connection.

* Drive shafts should be checked in operati-
on for abnormal noises or vibrations, to
determine the cause and initiate repair
work.

 Before lubrication, check the driveshaft for
loosness in the joints or splines.

This nipple is omitted for plastic-coated
lenght extensions.

e Temperature range up to approx. +160°C,
temporary up to 180° C (High-temperatu-
re-version): use HT-greases of the consis-
tency 1 or 2. Special versions up to +250°C
are partly also available.

e Temperature range from approx. -60°C up
to +110°C (low-temperature-version): use
TT-greases of the consistency 1 or 2.

e Max. permitted lubrication pressure:
20 bar.

e The cross units have to relubricatd over
the grease nipples in the centre of the
cross or on the bottom of a bearing hou-
sing of the cross. It must be ensured that
grease has to be pressed in until it leaks
from all four seals of each bearing.

e This is the only way to ensure that all four
bearings have received fresh grease.

 The connection side of the drive shaft flan-
ges and companion flanges must be clea-
ned before installation. They must not be
greased or oiled.

e Corrosion inhibitors and paint residues
must be thouroughly removed. Possible
light transportation damage should be cor-
rected (knicks and scratches).
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* Low-maintenance or maintenance-
free: If longer lubrication-periods are re-
quired, low-maintenance versions of the
drive shafts are available. In consideration
of the application conditions if necessary
maintenance-free versions are also avai-
lable. Consult our technical service team.

Some versions of double drive-shafts are
equipped with a grease nipple on the
centre piece of the joint, over which both
cross joints can be relubricated at the
same time through lubrication ducts
(central lubrication).

Drive shafts that are stored more than

6 months have to be lubricated before
starting.

* Companion flanges have to be checked for
face and OD rounout.
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