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Overload clutches and designs in  
agri technical engineering – from 
the beginnings to the present day
Agricultural implements are often used under unpredictable, extreme conditions. Moreover, 
they are frequently driven by tractors with a higher power than necessary for driving the im-
plement. Appropriate precautions have to be taken to protect drivelines against overloading 
caused by initial starting torques, excessive charging and blockages. Overload clutches, de-
signed to suit the respective application, have been in use ever since the power take-off was 
introduced.
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n Originally, horse-drawn agricultural implements were 
driven via the travel wheel (Figure 1). The power of the horses 
and the traction of the travel wheel provided natural protec-
tion against overloading of the driveline. Sensitive implement 
components were at best protected by simple predetermined 
breaking points. In addition, these implements often had a 
pawl overrunning clutch, which ensured that the drive power 
could only be transmitted in one direction when reversing or 
turning the implement.

IHC (International Harvester Company) applied for a patent 
on the power take-off (PTO) shaft in 1907, installing it on the 
first tractor in 1917. This was an important invention that still 
has an impact today, as it turned the tractor from a pure „pull-
ing machine“ into a central source of propulsion (Figure 2).

In 1917, McCormick USA was the manufacturer to have the 
first „tractor binder“ driven via the PTO shaft of a tractor. As a 
result, the above-mentioned natural overload protection of the 
travel wheel was no longer present. Rather, the engine‘s fly-
wheel provided kinetic energy that transmitted an uncontrolled 
torque via the drive shaft into the implement in the event of 
sudden overloading/blocking. Consequently, an overload clutch 
was already to be found in the telescopic section of the drive 
shaft in 1917. It was a spring-loaded axial ratchet clutch fitted 
with a coil spring. Since the telescopic elements between the 
two universal joints rotated at unequal speeds, depending on 
the joint deflection angles, the joint planes between the two 
joints could be offset („joint plane offset“) if the axial ratchet 

clutch had a symmetrical pitch. Even with balanced joint an-
gles, this led to irregular rotary motion, which in turn gener-
ated rotary oscillation that caused vibration and machine dam-
age. This relationship was very soon recognised, as a result 
of which the axial ratchet clutch was designed in such a way 
that it could only re-engage at a rotational position of 180°. 
Moreover, this design possessed substantial masses that had 
to be constantly decelerated and accelerated in the irregularly 
rotating telescopic section of the drive shaft. This effect like-
wise caused vibration that had a negative impact on the smooth 
running of the driveline. Furthermore, the user could vary the 
transmittable torque by adjusting the coil spring. This limited 
or even eliminated the protective effect. Despite the disadvan-
tages described, this was the most commonly used type of over-
load clutch until well into the 1950s.

The power take-off spread very rapidly from about 1922, 
also being offered by other tractor manufacturers. Above all, this 
type of drive permitted the development of previously unknown 
machines. One example was the pick-up baler for hay and straw. 
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Ursprünglich werden von Gespannen 
gezogene Landmaschinen über das 
Bodenrad  „Fahr-Rad“  angetrieben. 
Die Leistung des Gespanns und die 
Traktion des Bodenrads bilden einen 
natürlichen Schutz vor 
Überbelastungen im Antrieb. 
Empfindliche Bauelemente der 
Maschine werden bestenfalls durch 
einfache Sollbruchstellen geschützt. 
Ferner besitzen diese Maschinen 
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„Freilauf“, welches beim 
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Wendevorgangs der Maschine dafür sorgt, dass der Antrieb nur in einer Drehrichtung erfolgen 
kann.  
 
1907 wird von der International Harvester Company (IHC) die Zapfwelle zum Patent angemeldet 
und mit ihr der erste Traktor ausgerüstet - eine bis heute wirkende bedeutende Erfindung, da sich 
der Traktor dadurch von der reinen Zugmaschine zur zentralen Antriebsquelle entwickelte.  
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Acting cyclically via a crank, the ram necessitated an addition-
al flywheel to store energy. An overload protection device that 
maintained the torque in the slipping phase was required in 
order to limit the acceleration torque of this mass. The belt drive 
was used for this purpose for a long time. It offered not only 
overload protection, but also the necessary transmission for 
speed adaptation. Apart from providing overload protection, this 
type of drive also reduced the vibration caused by the kinemat-
ics of the machine and irregularities in the driveline (Figure 3).

It thus became apparent that there could be a need not 
only for torque protection in the main driveline, but also for an 
additional clutch in a power take-off. Consequently, no single 
overload principle in the main driveline could cover the entire 
range of different requirements, meaning that further effective 
principles were needed.

Until well into the 1950s, PTO drive shafts and overload 
clutches were largely produced by the machine manufacturers 
themselves. Consequently, only secondary importance was of-
ten attached to them when designing machines, the result be-
ing that the above-mentioned, original designs of overload pro-
tection devices also remained largely unchanged. Only when 
supplier companies began to specialise in the early 1950s, of-
fering driveline components specifically for agritechnical en-
gineering, did PTO drive shafts and overload clutches acquire 
their eminent importance. In-house production by the machine 
manufacturers was abandoned within a very short space of 
time and taken over by the specialists (Figure 4). In this con-
text, particular mention should be made of Walterscheid, Sieg-
burg/Lohmar, later GKN Walterscheid, a company that devot-
ed itself exclusively to the development of „agricultural PTO 
drive shafts and overload clutches“ from 1953 onwards. A wide 
range of overload clutches for the most diverse applications 
and output ranges was developed in just a few years. Today, 
Walterscheid still has a worldwide reputation as a specialist for 
agritechnical driveline engineering. Consequently, the develop-
ment steps and their prerequisites will be presented in detail. 
Clutches from other manufacturers are also largely based on 
the same effective principles.

In addition to the above-mentioned principal deficiency of 
the axial ratchet clutches used in the telescopic elements, it 
was the large rotating mass that led to rotary oscillation (Fig-
ure 5). Moreover, the ratchet caused axial runout during the 
slipping phase, this having a damaging effect on the bearings 
of the tractor‘s power take-off and on the input shafts of the 
implements, as well as on the locking elements of the PTO drive 
shaft. Since the user could influence the transmittable torque, 
the necessary overload protection was not guaranteed. Substan-
tial implement damage was repeatedly the consequence.

The Walterscheid company from Siegburg, which had previ-
ously been largely unknown in agritechnical engineering, pre-
sented a complete range of PTO drive shafts with integrated over-
load clutches and safety guards, “System Schröter”, for the first 
time at the DLG exhibition in Cologne in 1953 (Figure 6). Kurt 
Schröter and his revolutionary ideas were in no way unknown in 

Potatoe Harvester Heinrich Lanz 1954

Fig 4

Original IHC PTO drive shaft with axial ratchet clutch, ca. 1950

Fig. 5

Baler Welger AP12 

Fig. 3 

Excerpt from the 1917 advertising of the company International 
Harvester

 

Fig. 2
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agritechnical engineering and vehicle construction at this time 
(overrun brake, Thümag trailers, Alpenland tractors [1;2]) .

The development of the overload clutches followed the de-
velopment of the implements and will therefore also be pre-
sented in chronological order.

Clutch designs after 1953

The key feature of this overload protection was the fixed level 
of the transmittable torque, which could not be influenced by 
the user. At the same time, this clutch was part of the telescopic 
unit. The transmittable torque was determined by the number 
of spring-loaded cams that engaged the specially designed pro-
file of the “lemon-shape profile tube” (Figure 7). However, this 
meant that the torque required for the implement also had to be 
known sufficiently accurately. The first “Technical Handbook” 
with detailed product presentations was already published in 
1956, additionally discussing the theory of the kinematics of 
universal-joint shafts, as well as the mode of operation of over-
load clutches. An overview of the output powers of 26 machine 
groups served as a design aid, together with the first “Trac-
tor connection table” listing the 242 tractor types produced by 
30 German manufacturers in 1955. This was the first table to 
present the important geometrical conditions of importance for 
coupling implements.

This Handbook already covered 106 PTO drive shaft and 
clutch versions, reflecting the requirements of the individual 
machine types and their powers.
To be able to qualify the different requirements, a special meas-
uring service was set up, using electronic measuring devices 
(strain gauges) to determine the machine characteristics and 
the necessary power in practical operation (Figure 8). Since the 
size of the measuring hubs familiar from general machine con-
struction significantly affected the kinematic conditions of the 
universal-joint drive, a special measuring hub of short design 
and equipped for the different tractor and implement connec-
tions was developed specifically for agritechnical applications. 
This special measuring hub has since been widely used in agr-
itechnical engineering, both by customers and by institutes. It 
is used in large numbers.
Since the tractor connections varied greatly, the lengths of the 
PTO drive shafts had to be equally variable. Telescopic tubes 
made it very easy to adjust the length. However, the cams could 
disengage if the telescoping travel was long and during length 
adjustment. The number of cams was determined by the length 
of the telescoping travel, thus limiting the torque level. It was 
for this reason that the combination ratchet (Figure 9) was de-
veloped on the basis of the cam-type ratchet, separating the 

Fig. 6

PTO drive shaft with integrated overload clutch, brochure 1953

Cam-type ratchet 400 Nm, year of construction 1953/54

Fig. 7

Mobile field measuring service, 1958

Fig. 8

Combination ratchet 440 Nm, year of construction 1954

Fig. 9



5.2012 | landtechnik

377

Cam-type friction clutch 1600 Nm, year of construction 1958

Fig. 12

overload clutch and the telescopic unit. To this end, the cam-
type ratchet was installed in rotating fashion as a unit in an 
axially fixed profile tube. The outer contour of the clutch served 
as the inner telescopic element in this context.
The maximum torques of the combination ratchet were in-
sufficient for high torque requirements, e. g. for soil-working 
implements. Therefore, an axially acting ball-type ratchet was 
already developed as early as 1954 (Figure 10). Balls, guided 
in the hub and loaded by Belleville springs, pressed on a plate 
provided with dome-shaped recesses. The balls were forced out 
of the recesses in the plate when the set limit load was reached. 
This led to very high axial forces (axial runout), and also to a 
strongly pulsating torque. The mode of operation of the ball-
type ratchet was thus similar to that of the axial ratchet clutch. 
Nevertheless, this function was preferred for clearing obsta-
cles/blockages in certain applications.
The first two clutch types discussed – cam-type ratchet and 
combination ratchet in the telescope – had the disadvantage of 
a 180° pitch. Since the maximum torque was dependent on the 
available length of the telescopic elements, this insight led to 
the development of the star ratchet clutch or radial pin clutch 
(Figure 11). Like the ball-type ratchet previously, it was located 
outside the telescopic elements, directly on the tractor’s power 
take-off shaft or on the implement’s PIC. It had eight grooves 
and thus engaged every 45°. As a result of this, and of differ-
ent lengths, a higher number of cams can be installed. This 
permits fine setting of a higher torque, depending on the cams 
and springs fitted.
During the slipping phase, the previously described cam-type 
ratchets and star ratchets generated oscillations that could 
build up in very elastic drivelines. The cam-type friction clutch 
was developed to alleviate these rotary oscillations (Figure 12).

On this clutch, the locking cams acted inwards, engaging the 
grooves of a profiled hub. On the outside, the springs pressed 
against brake shoes with friction linings, these in turn acting 
on a smooth surface of the housing. The torque was transmitted 
by mixed friction, with positive locking of the locking cams in 
the hub and purely frictional connection via the friction linings 
in the housing. Owing to the different effective diameters, slip 
occurred at both points. The preferred application was cable 
winches, to prevent swinging of the cable in the slipping phase.

In agritechnical engineering, there are numerous machines 
with large rotating masses, e. g. high-density pick-up balers and 
rotary mowers. When the power take-off is deactivated, these 
masses continue to run, meaning that the drive shaft also ro-
tates for an uncontrolled period and can block at large angles. 
This increases the accident risk. Consequently, these machines 
are fitted with overrunning clutches that transmit the torque 
in one direction only. So-called friction-based overrunning 
clutches, e. g. from Kessler, are familiar from general machine 
construction (Figure 13). They are based exclusively on a fric-
tional connection, therefore requiring a large diameter and be-
ing sensitive to shock-type torque loads. Owing to the large size 

Ball-type ratchet 1500 Nm, year of construction 1954

Fig. 10

Fig. 11

Star ratchet 1200 Nm, year of construction 1957

Wirksystem

Kessler friction-based overrunning clutch 400 Nm, year of construc-
tion 1956

Fig.  13
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inherent in the system design, they can often also not be accom-
modated in the limited space on the tractor or the implement.

Given this realisation, and also for reasons of cost, a ratch-
et-type freewheel with engaging grooves was developed that 
was not only insensitive to shocks, but also possessed a higher 
torque transmission capacity (Figure 14). Spring-loaded balls 
pressed on inclined ramps. In the event of reverse torque, the 
balls were displaced axially and could not transmit any torque 
owing to the ramp design. This overrunning clutch was charac-
terised by a very compact design.

The use of high-density pick-up balers for collecting straw 
and fodder increased rapidly in the 1950s. Their design 
changed as a result of elimination of the belt drive as the previ-
ous form of overload protection. Thus, the flywheel mass was 
increasingly relocated to a position directly at the implement 
input. The necessary force diversion and transmission was han-
dled by gearboxes. The overload clutch became part of the fly-
wheel and was connected directly to the drive shaft. Since the 
known ratchet clutches interrupt the driveline in the slipping 
phase, they were not suitable for accelerating large masses. A 
constant-torque clutch was necessary for this purpose. Friction 
clutches worked in this way (Figure 15). The torque was deter-
mined by the number of friction linings and coil springs and 
their pre-tension. It was accepted in this context that the user 
could alter the pre-tension, and thus the torque, up to the point 
of blocking. Where necessary, the above-mentioned ratchet 
clutches were used within the baler, e. g. on the pick-up.

The Welger company from Wolfenbüttel developed a friction 
clutch of its own that was designed exclusively to protect the 
flywheel of balers. Mounted on pivot bearings, a three-arm, cen-
tral leaf spring pressed on the points of contact via brake lin-
ings in a large diameter range of the flywheel. The drive shaft 
connection was located at the centre of the leaf spring system, 
meaning that the power flowed via the arms and the brake lin-
ings (Figure 16). This clutch had a fixed setting and could not 
easily be influenced by the user. The disadvantage, however, 
was that this clutch design was application-specific and thus 
did not permit universal use.

There was already a demand for cut-out clutches in the 
1950s. Up to that time, the effect was achieved only by means 
of predetermined breaking points (shear bolt clutches). Howev-
er, replacement of the shear bolt caused a lengthy stoppage. In 
addition to which, the clutches were not always readily acces-
sible. These disadvantages considerably reduced their accept-
ance. The so-called automatic overload clutch was introduced 
in regular production to enable automatic re-engaging follow-
ing overloading (Figure 17). The main applications were rotary 
cultivators and stump cutters in forestry. The driveline was in-
terrupted in the event of overloading, only a minimal residual 
torque being preserved. Spring-loaded cam plates transmitted 
the torque. When overloaded, the cams disengaged against the 
spring tension and moved into an idle position, in which no 
torque was transmitted. Inertia forces prevented their return. 
The inertia forces were no longer present when the power take-

Fig. 17

Automatic overload clutch 1200 Nm, year of construction 1958

Coil-spring friction clutch 550 Nm, year of construction 1958

Fig. 15

Welger flywheel clutch, year of construction 1968

  

Bild 11      Schraubenfeder – Reibkupplung  
                 550 Nm                 Baujahr 1958* 

 
Bild 13  Kupplungsautomat 
              1200 Nm  Baujahr 1958* 

Bild 12              Welger  
Schwungrad – Kupplung 
          Baujahr 1968* 

 

Hochdruckpressen für die Stroh- und 
Futterbergung erfahren in den 1950er Jahren 
eine schnelle Verbreitung. Deren Bauweise 
ändert sich durch den Entfall des Riementriebs als bisherigen Überlastungsschutz. So wird die 
Schwungmasse vermehrt direkt an den Maschineneingang verlagert. Erforderliche 
Kraftumleitungen und Übersetzungen erfolgen in Getrieben. Die Überlastkupplung wird zum 
Bestandteil des Schwungrades und unmittelbar mit der Gelenkwelle verbunden. Da die bekannten 
Sperrkörperkupplungen in der Schlupfphase den Antrieb unterbrechen, sind diese nicht zum 
Beschleunigen großer Massen geeignet. Hierzu ist eine Kupplung erforderlich, die das Drehmoment 
erhält: Bei Reibkupplungen wird das Drehmoment  über die Anzahl der Kupplungsbeläge und 
Schraubenfedern und deren Vorspannung bestimmt(Abbildung 11). Dabei wird in Kauf 
genommen, dass der Anwender die Vorspannung und damit das Drehmoment bis zur Blockade 
verändern kann. Innerhalb der Presse werden, soweit dies erforderlich ist, vorgenannte 
Ratschenkupplungen z. B. an der Pick-up eingesetzt. 
 

 
Die Fa. Welger in Wolfenbüttel entwickelt eine eigene Reibkupplung, 
die ausschließlich für die Absicherung des Schwungrades der 
Ballenpressen ausgelegt ist. Eine drehgelagerte, dreiarmige zentrale 
Blattfeder stützt sich an den Auflagepunkten über Bremsbeläge in 
einem großen Durchmesserbereich des Schwungrades ab. Der 
Anschluss der Gelenkwelle befindet sich im Zentrum des 
Blattfedersystems, so dass der Kraftfluss über die Arme und 
Bremsbeläge erfolgt (Abbildung 12). Diese Kupplung besitzt eine 
Festeinstellung und kann vom Anwender nicht ohne Weiteres 
beeinflusst werden. Nachteil ist jedoch, dass diese Bauart 
zweckgebunden ist und damit keinen universellen  Einsatz 
ermöglicht. 
 
 
 

Schon in den 1950er Jahren werden abschaltenden Kupplungen nachgefragt. Bis dahin wird diese 
Wirkung nur durch Scherbolzenkupplungen als Sollbruchstellen erreicht. Diese erfordern jedoch für 

den Austausch des Scherbolzens eine längere 
Betriebsunterbrechung. Außerdem sind diese Kupplungen nicht 
immer gut zugänglich. Diese Nachteile mindern die Akzeptanz 
deutlich. Um ein automatisches Wiedereinschalten nach einer 
Überbelastung zu ermöglichen, wird der sogenannte 
Kupplungsautomat in die Serie eingeführt (Abbildung 13). 
Hauptanwendungsgebiete sind Boden- und Stubbenfräsen im 
Forsteinsatz. Bei Überlastung wird der Antrieb unterbrochen, so 
dass nur ein minimales Restdrehmoment erhalten bleibt. Durch 

6 
Fig. 16

Star clutch 1000 Nm, year of construction 1962

Fig. 18

Ball-type overrunning clutch 1200 Nm, Year of construction 1958

Fig.  14
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meaning that the contact pressure increased when wear oc-
curred on the clutch linings. Wear was generally also accom-
panied by a decline in the coefficient of friction. This effect, 
the increase in force, made it possible to maintain a virtually 
constant torque over the entire service life.

The torque was set by means of different Belleville springs, 
their stacking and by the number of clutch linings. Since fric-
tion linings tend to seize up/rust in after extended periods of 
time, a releasing device was provided. After lengthy stoppages, 
the clutch linings were relieved of the spring pressure by tight-
ening four hexagon nuts, allowing the clutch to be turned freely. 
This made it possible to release seized linings again. A further 
advantage was that the linings were easy to replace without 

off came to a halt, and the spring force returned the cam plates 
to their starting position. The clutch re-engaged. As a result, 
work was interrupted only briefly. However, this design was too 
expensive in those days, meaning that it was used exclusively 
for the special applications mentioned above. The time was not 
yet right for such a convenient solution.

The 1960s
Ratchet clutches rapidly gained great market acceptance. How-
ever, the vibration occurring during the slipping phase was a 
problem in some applications. Moreover, preservation of the 
torque was demanded, e. g. in the case of tractor front-wheel 
drives where an interaxle differential was dispensed with. In 
this instance, the clutch was merely intended to prevent tor-
sion between the front and rear axles when cornering, in which 
context the torque was to be largely preserved. The star clutch 
met this demand (Figure 18). In this design, the housing of 
a ratchet clutch had more grooves than cams. The cams were 
arranged in such a way that only a predetermined number of 
them engaged. This resulted in gentle transitions and smooth-
ing of the torque profile in the slipping phase. The importance 
of the clutch waned following the introduction of interaxle dif-
ferentials in four-wheel drives.

The ball-type overrunning clutch (Figure 14) consisted 
of components that could not be used for other purposes and 
also proved to be sensitive to shocks. Consequently, a new, ef-
ficient overrunning clutch of modular design was developed us-
ing the star ratchet clutch housing and the PTO push-pull lock 
 (Figure 19). Spring-loaded pins, guided in the hub, engaged 
a drive plate with inclined pockets inserted in the base. Their 
large-area contact ensured reliable torque transmission.

Friction clutches on the flywheel of a baler necessitated an 
additional overrunning clutch. This meant a friction clutch on 
the implement side and an overrunning clutch on the tractor 
side. As a result, the drive shaft continued to rotate until the 
flywheel came to a halt. An overrunning clutch was integrated 
in the friction clutch in order to eliminate this hazardous situa-
tion. With its externally profiled housing, the axial pin overrun-
ning clutch offered ideal prerequisites for creating a combined 
friction and overrunning clutch (Figure 20). This development 
was widely accepted on the market. The reduced accident risk 
led to this combination being included in the regulations of the 
employer’s liability insurance associations. Packer, knotter and 
pick-up were provided with separate internal protection.

Friction clutches gained access to further applications as a 
result of maintaining the torque. However, actual overload pro-
tection was not sufficiently guaranteed owing to the possibility 
of subsequently adjusting the coil springs. Therefore, the market 
called for a friction clutch with a fixed torque setting, adapted to 
the function and durability of the implement. A friction clutch 
with a specially designed Belleville spring having an almost 
horizontal spring characteristic was developed  (Figure 21).

The spring force dropped again slightly after reaching its 
maximum. New units were installed just after the maximum, 

Axial pin overrunning clutch 1550 Nm, year of construction 1964

Fig. 19

Combined friction and overrunning clutch 1500 Nm, year of con-
struction 1964

Fig. 20

Belleville spring friction clutch 1350 Nm, year of construction 1964

Fig. 21

 
Bild 17   Tellerfeder- Reibkupplung 
               1350 Nm      Baujahr 1964* 
 

 

 

   Bild 18  Reibkupplung   Kettentriebe 
                 650 Nm        Baujahr1965* 

 
Bild 19      Sperrkeilfreilauf   
                  3000 Nm / 1000 min-1       Baujahr 1982* 

 
Reibkupplungen werden aufgrund der Drehmomenterhaltung 
auch für weitere Anwendungen genutzt.  Der eigentliche 
Überlastungsschutz ist jedoch aufgrund der nachträglichen 
Verstellmöglichkeit der Schraubenfedern nicht ausreichend 
gewährleistet. Daher fordert der Markt eine Reibkupplung mit 
einer festen Drehmomenteinstellung, die auf die Funktion und 
die Haltbarkeit der Maschine abgestimmt ist. Es wird eine 
Reibkupplung mit einer speziell ausgebildeten Tellerfeder mit 

nahezu waagerechter 
Federkennlinie 
entwickelt (Abbildung 
17).  
Dabei fällt die Federkraft 
nach einem Maximum 
wieder leicht ab. Der 
Einbau im Neuzustand 

erfolgt kurz nach dem Maximum, so dass bei Verschleiß der 
Kupplungsbeläge die Anpresskraft zunimmt. Mit dem 
Verschleiß geht in der Regel ebenfalls eine Minderung des 

Reibwertes einher. Mit diesem Effekt der Kraftzunahme kann eine nahezu konstante 
Drehmomenterhaltung über die gesamte Lebensdauer erreicht werden.      
Die Drehmomenteinstellungen erfolgen durch unterschiedliche Tellerfedern, deren Schichtung 
sowie durch die Anzahl der Kupplungsbeläge. Da Reibbeläge nach längerem Zeitraum zum 
Verbacken bzw. Festrosten neigen, ist eine Lüftungseinrichtung vorhanden. Nach längerem 
Stillstand werden durch das Anziehen von vier Sechskantmuttern die Kupplungsbeläge von der 
Federkraft entlastet, so dass die Kupplung frei drehbar ist. So können festsitzende Beläge wieder 
gelöst werden. Ein weiterer Vorteil ist die einfache Belagserneuerung ohne Sonderwerkzeuge: Nach 
Anziehen der Sechskantmuttern kann das Federnpaket im gepressten Zustand entfernt werden. Die 
Kupplung gilt damit als sehr wartungsfreundlich und zeichnet sich durch ihre kompakte Bauweise 
mit kaum überstehenden Bauteilen besonders aus.   
 

Ballenladewagen erfordern eine einzelne Absicherung der 
Kettenumlenkräder. Dies erfolgt über eine Reibkupplung, bei 
der das Kettenrad gleichzeitig die Reibflächen der Kupplung 
bildet (Abbildung 18). Die Radialkräfte des Kettenzugs werden 
von einem Reibringlager aufgenommen. Diese Art der 
Lagerung bietet den Vorteil des Trockenlaufs, da Bronze-
Sinterlager auf Dauer nicht ohne Schmierung auskommen und 
auch die hohen Flächenpressungen nicht standhalten.  
Die Drehmomentauslegung erfolgt durch die Auswahl und 
Schichtung der Tellerfedern. Um auch über den Verschleiß der 
Beläge ein weitgehend gleichbleibendes Drehmoment zu 
erzielen, besitzt auch diese Tellerfeder eine nahezu waagerechte 
Kennlinie. Neben den Ballenladewagen findet diese 
Kupplungsbauform bei vielen Kettentrieben Anwendung, 

z. B. bei Pick-up-Antrieben. 
 
1980er Jahre 
Mit der Zunahme höherer Drehzahlenbis 1000 
min-1 erweist sich der axial wirkende Stiftfreilauf 
aufgrund der Masse und der Reibung der Stifte als 
zu träge. Daher können die Stifte nicht mehr 
zuverlässig einrasten. Es erfolgt die Entwicklung 

Federkennlinie 

8 
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using special tools – the spring assembly could be removed in 
compressed state after tightening the hexagon nuts. The clutch 
was therefore considered to be very maintenance-friendly. This 
type of clutch was particularly characterised by its compact de-
sign, with hardly any projecting parts.

Self-loading bale trailers necessitated individual protec-
tion of the chain wheels. This was achieved by a friction clutch, 
where the chain wheel simultaneously formed the friction sur-
faces of the clutch (Figure 22). The radial forces of the chain 
were absorbed by a friction bearing ring. This type of bearing 
offered the advantage of dry running, since sintered bronze 
bearings could not operate without lubrication in the long term 
and were also unable to withstand the high surface pressures.

The torque was determined by the choice and stacking of 
the Belleville springs. In order to achieve a largely consist-
ent torque via the wear on the linings, this Belleville spring 
likewise had a virtually horizontal characteristic. This type of 
clutch was used not only on self-loading bale trailers, but also 
on many chain drives, e. g. on pick-up drives.

The 1970s
Tractor outputs increased very rapidly in the 1960s and 1970s. 
Rising tractor outputs also led to a growing number of imple-
ments that used not only the 540 rpm power take-off shaft, but 

also the 1,000 rpm version. Driveline design was increasingly 
determined by torque measurements (Figure 23). The results 
of the measurements were also available to the customers. In 
this way, not only was the power determined, but the machine 
characteristic recorded at the same time, offering the design 
engineer important assistance in optimising the machines. 
Progress in measuring technology and evaluation methods was 
consistently exploited. More than 100 field measurements per 
year were performed during the above-mentioned period. They 
offered a good foundation for adapting product development to 
the wide range of different market requirements. The measure-
ment data also served as a basis for extensive test bench stud-
ies, allowing continuous development regardless of the season.

Increasing tractor outputs created the problem of overheat-
ing of overload clutches, since the power is converted into heat 
when the clutch is disengaged. This called for cut-out clutches 
that completely interrupted the torque flow.

In the simplest form, these requirements are met by a shear 
bolt clutch acting as a predetermined breaking point. A bolt or a 
shearing pin is sheared off when overloading occurs. The level 
of the shearing torque was determined by the shearing radius, 
the diameter and the strength of the shear element (Figure 24). 
Whenever the clutch tripped, the shear element had to be re-
placed, causing a lengthy interruption of the workflow. To keep 
this situation within acceptable limits, the shearing torque had 
to be very high. Consequently, protection was ultimately only 
guaranteed in the event of blocking. These clutches were of-
ten produced by machine manufacturers themselves, mainly in 
power take-offs.

Field measurements in the 1960s/1970s

Fig. 23

Fig. 24

Shear bolt clutch, operating principle 

 

  Bild 20         Reibkupplung 
                      400 Nm        Baujahr 1982* 

              

 

 
Bild 21        Scherbolzenkupplung  
                    Wirksystem  

Feldmessungen in 1960 / 1970er Jahren 

 

des Sperrkeil-Freilaufs (Abbildung 19),  der mit den radial wirkenden kippbaren Sperrkeilen mit 
geringer Masse reaktionsschnell und für hohe Drehzahlen bis 1000 min-1 geeignet ist. Fliehkräfte 
unterstützen das Einrasten der Sperrkeile, so dass nur eine geringe Federunterstützung erforderlich 
ist. Dieser Freilauf ist für hohe Schockbeanspruchung ausgelegt. Im Normalfall besitzt das 
Gehäuse, in das zwei gegenüberliegende Sperrkeile eingreifen, vier Mitnahmenuten. Als 
Sonderausführung kann das Gehäuse auch mit nur zwei Mitnahmenuten gefertigt werden, so dass 
bei Anwendungen in den Teleskopelementen zwischen zwei Gelenken eine 180°-Teilung zur 
Erhaltung der Gelenkebenen gewährleistet ist.  
 

Im Getriebeöl laufende, hydraulisch geschaltete Lamellen-
Zapfwellenkupplungen der Traktoren schalten nahezu 
unabhängig von der Drehlast sehr hart ein. Hierdurch 
entstehen besonders bei Geräten mit hohen Drehmassen 
und gleichzeitig geringer Leistung schockartige 
Beschleunigungen (Schwarz-Weiß-Schaltung). Um diese 
hohen Anlaufmomente zu begrenzen, wird vorwiegend für 

den Einsatz an Schleuderstreuern eine einfache und klein 
bauende Reibkupplung als Sonderlösung entwickelt 
(Abbildung 20). Diese Kupplung dient mit ihrer einfachen 

Bauweise und dem geringen Wärmeaufnahmevermögen ausschließlich der Begrenzung von 
Schockbelastungen während des Einschaltvorganges. 
 

 
In den 1960er und 1970er Jahren nehmen die 
Traktorenleistungen sehr schnell zu und somit wächst 
auch das Angebot der Maschinen, die neben der 540er- 
auch die 1000er-Zapfwelle in Anspruch nehmen. Die 
Auslegung der Antriebe wird zunehmend durch 
Drehmomentmessungen bestimmt. Die Messergebnisse, 
die auch den Kunden zur Verfügung stehen,geben neben 
der Leistungsbestimmung gleichzeitig die 
Maschinencharakteristik wiederund unterstützen den 
Konstrukteur bei der Optimierung der Maschinen. 
Fortschritte in der Messtechnik und 

Auswertungsmethoden werden konsequent genutzt. In dieser Zeitspanne erfolgen jährlich mehr als 
100 Feldmessungen. Diese bieten eine gute Grundlage, um sich auf die unterschiedlichsten 
Marktanforderungen bei der Produktentwicklung einzustellen. Die Messdaten bieten darüber hinaus 
die Basis für umfangreiche Prüfstandsuntersuchungen, durch die eine permanente 
Weiterentwicklung verfolgt werden kann. 
 
Bei zunehmender Traktorenleistung ergibt sich des Weiteren das Problem der Überhitzung von 

Überlastkupplungen, da beim Ansprechen der Kupplung 
die Leistung in Wärme umgesetzt wird. Dies erfordert 
abschaltende Kupplungen, die den Drehmomentfluss 
vollkommen unterbrechen. 
In der einfachsten Bauform entspricht eine 
Scherbolzenkupplung als Sollbruchstelle diesen 
Anforderungen. Bei Überlast schert eine Schraube oder 
ein Scherstift ab. Die Höhe des Schermoments wird durch 
den Scherradius und den Durchmesser sowie durch die 
Festigkeit des Scherelements bestimmt  
(Abbildung 21). Nach jedem Ansprechen folgt eine 
längere Unterbrechung des Arbeitsablaufs, da das 
Scherelement ersetzt werden muss. Um diese Situation in 
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Abb. 25

Lely automatic shear bolt clutch, 1970s

Friction clutch for chain drives 650 Nm, year of construction 1965

Fig. 22
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The van der Lely company developed an automatic shear 
bolt clutch for rotary harrows, which tended to block on stony 
ground (Figure 25). In this design, the shear bolt was used 
repeatedly and advanced by spring pressure, thereby auto-
matically replacing the shearing element. The shearing ele-
ment was consumed down to a function-related stub. A set of 
10 shear bolts permitted 50 overloads, and 10 spare bolts were 
carried in a magazine. This interesting automatic shear bolt 
clutch was used not only on rotary harrows, but also in various 
other applications.

The 1980s
The increasing use of higher speeds, brought about by the 
1,000 rpm power take-off shaft, led to the axial pin overrunning 
clutch proving to be too sluggish as a result of its mass and the 
friction of the pins. The pins were thus no longer able to engage 
reliably. There followed the development of the key-type over-
running clutch (Figure 26). With its low-mass, radially acting 
and tiltable locking keys, this clutch responded rapidly and was 
suitable for high speeds of up to 1,000 rpm. Centrifugal forces 
assisted the engaging of the locking keys, meaning that only 
little spring assistance was necessary. This overrunning clutch 
was designed to withstand high shock loads. As a rule, there 
were four driving grooves in the housing that were engaged 
by two opposite locking keys. In special versions, the housing 
could also be produced with just two driving grooves, thus en-
suring a 180° pitch in applications in the telescopic elements 
between two joints (preservation of the joint planes).
Hydraulically shifted multiple-disk PTO shaft clutches of trac-
tors, running in the gear oil, engaged very harshly, virtually 
independently of the torque load. This resulted in shock-like 
acceleration, particularly on implements with large rotating 
masses, but low output (shifting with shock loads). To limit 
these high starting torques, a simple, small friction clutch 
was developed as a special solution, predominantly for use on 
disk broadcasters (Figure 27). With its simple design and low 
heat absorption capacity, this clutch served exclusively to limit 
shock loads when starting.

The call for clutches with a cut-out feature and automatic 
restoration of the overload function thus became ever louder. 
The ball-type cut-out clutch (Figure 28) was developed on the 
basis of the experience acquired with the automatic overload 
(Figure 17). On this clutch, spring-loaded balls axially engage 
special dome-shaped recesses. If the clutch torque is exceeded, 
the balls are forced out of these recesses, against the spring 
pressure, and into specially designed recesses in a shift plate 
performing limited rotation. Power transmission in the drive-
line is thus interrupted. Because of the inertia of its mass, the 
shift plate cannot return to its starting position until a low 
speed is reached (< 200 rpm). The clutch is then re-engaged. 
The clutch acts in both directions.This clutch type is frequently 
used in forage harvesters and snowploughs.

Use of the different power take-off shaft speeds also had 
an influence on clutch design. Subsequent adaptation was re-

Friction clutch 400 Nm, year of construction 1982

Fig. 27

Key-type overrunning clutch 3000 Nm/1000 rpm, year of construc-
tion 1982

Fig. 26

Ball-type cut-out clutch 2500 Nm, System diagram, year of construc-
tion 1982

Fig. 28

Friction clutch and combined friction and overrunning clutch  
2700 Nm, year of construction 1984

Fig. 29



382

5.2012 | landtechnik

THE WORLD OF AGRICULTURAL ENGINEERING

quired, predominantly in the case of friction clutches. With 
this clutch (Figure 29), this modification can be performed by 
dealers/users in three steps without special tools. Blocking is 
impossible.

The machine-specific, basic factory setting is made in fine 
graduations by way of the arrangement and number of the 
coil springs, as well as the number of friction linings and the 
arrangement of the locking ring (Figure 30). The linings are 
likewise changed without special tools and without dismantling 
the spring assembly. The selected torque setting is thus pre-
served. The friction linings are released/relieved by tightening 
the nuts on the top side of the clutch. The clutch can optionally 
be designed with or without an overrunning clutch. The basis 
is the key-type overrunning clutch (Figure 23). The clutch is 
available in two sizes, thus covering a wide range of outputs. 
A special flange version is available for protecting the flywheel 
on big balers.

The cam-type cut-out clutch (Figure 31) was developed to 
supplement the ball-type cut-out clutch. The special feature of 
this clutch is that the torque flow is interrupted at normal speed 
(540/1,000 rpm), as with the ball-type cut-out clutch, but that 
a pulsating torque is built up when the speed is reduced. This 
effect of a pulsating torque makes it possible to clear conges-
tions or blockages at low output. The clutch re-engages when 
the speed drops further (< 200 rpm).

Radially acting locking cams rest on a spring system with 
specially arranged active surfaces at the centre. These surfaces 
are designed in such a way that the contact angle is approx. 
45° during normal torque transmission. When the torque is 
exceeded, the locking cams are pressed inwards, against the 
spring and friction force, into a position where the active sur-
faces are close to self-locking. Owing to the low restoring force 
and the inertia of the mass of the locking cams, the cams can-
not move back into the driving grooves of the housing until a 
sufficiently low speed has been reached (< 200 rpm). In this 
context, the torque pulsates in the transitional phase at low 
output. This type of clutch is characterised by its good response 
and its robustness, as a result of which it is used in a wide 
range of applications.

In addition to torque-interrupting clutches, there was also 
a demand for disengageable clutches that could specifically en-
gage and disengage power take-offs, for example. Suitable for 
this purpose are friction clutches (Figure 32), where the spring 
force can be eliminated by means of appropriate measures. In 
the simplest design (based on the clutch in Figure 21), levers 
are arranged on an additional plate to this end. A clutch re-
lease bearing mounted on the machine frame is used to lift the 
pressure plate, against the spring load, thus eliminating torque 
transmission. The small transmission ratio of the disengaging 
levers results in very high actuating forces that have to be sup-
ported by the machine frame.The applications for this clutch 
type are limited to special cases where only occasional disen-
gaging is necessary.

The increasing complexity of the machines and the grow-
ing number of supplementary functions meant that there was a 
need for a hydraulically disengageable clutch with high torques 
that did not introduce any supporting forces into the machine 
frame. A hydraulic shifting mechanism integrated in the clutch 
was therefore developed on the basis of the clutch in Figure 29.

Cam-type cut-out clutch 2500 Nm, year of construction 1984

Fig. 31

Wirksystem der Nockenschaltkupplung 
Operating principle of the cam-type cut-out clutch

Adjustment positions

Fig. 30
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A unit with thrust bearings and a hydraulic cylinder is 
mounted on the basic clutch and connected to the releasing 
screws (Figure 33). If the cylinder is then pressurised, the re-
leasing screws lift the pressure plate. This interrupts torque 
transmission. Because of the thrust bearings, the clutch can 
remain disengaged for lengthy periods of time. Consequently, 
the clutch is suitable for a wide range of applications.

The cam-type cut-out clutch (Figure 31) very soon set tech-
nical standards. However, it can only be fitted to free shaft ends. 
Particularly on power take-offs, there is often no free shaft end 
available. Consequently, the key-type cut-out clutch (Figure 34) 
with free shaft passage was developed. The cut-out function 
with the specially designed active surfaces corresponds to 
that of the cam-type cut-out clutch. The length of the locking 
keys, and thus the overall length of the clutch, is determined 
by the number of springs that can be fitted, thereby defining 
the torque levels. In addition, the locking elements can be ar-
ranged over a larger diameter. This modular clutch permits a 
large torque range of up to 15,000 Nm that cannot be covered 
by the clutches discussed previously.

A further clutch for high torques at low speeds was devel-
oped on the basis of the star ratchet (Figure 11). The larger 
outer diameter makes it possible to use configurations with 
12 cams. Similarly, the shaft diameter can be designed for high-
er torque capacities (Figure 35). The torque is determined by 
the number of cams, which can be arranged in several rows. 
This clutch is mainly used as an in-built clutch on the feed units 
of choppers and the spreader units of muck spreaders.

The desire for maintenance-free devices and the avoidance 
of severe torque shocks led to a hermetically sealed, oil-filled 
clutch (Figure 36). Its structure is similar to that of the key-
type cut-out clutch. It is designed as a maintenance-free version 
for long slipping times and low engaging speeds. The oil con-
tained not only offers low friction, but also reduces the engag-
ing speed, since the locking grooves in the housing fill up with 
oil during the slipping phase and this oil has to be displaced by 
the locking keys before re-engaging. The design of the locking 

Disengageable friction clutch 450 Nm, year of construction 1964

Fig. 32

Disengageable friction clutch 2500 Nm, year of construction 1990

Fig. 33

Key-type cut-out clutch15000 Nm, year of construction 1992

Fig. 34

In-built radial pin clutch 2500 Nm, year of construction 1995

Fig. 35

Hydraulic torque control 15000 Nm, year of construction 1997

Fig. 36
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elements and the degree of oil filling permit defined re-engag-
ing speeds. This clutch is designed for high torques and high 
rpm speeds. Given its special features, it is primarily used as 
an in-built clutch to protect the flywheels and feed rotors of big 
balers.

Worldwide applications
From the 1970s, increasing globalisation resulted in European 
agritechnical equipment also being used more overseas. Conse-
quently, manufacturers of driveline components set up branch-
es abroad, initially in the USA and later in Asia.

In the USA, PTO drive shafts and overload clutches are pre-
dominantly designed and produced by the large agricultural 
machinery manufacturers themselves. Most commonly used as 
overload clutches are shear bolts and friction clutches, which 
the user can easily manipulate.

This lack of diversity offered specialised component man-
ufacturers a wide range of applications for modern overload 
clutches. The increasing availability of driveline components 
led to in-house production largely being abandoned.

The growing interconnections of internationally operat-
ing corporations led to an increasing exchange of knowledge. 
Moreover, the change in the structure of farming in Europe/
Eastern Europe resulted in larger farms and necessitated more 
powerful, larger tractors and machines with higher perfor-
mance per unit of area and greater efficiency. Particularly in 
the case of larger machines, lightweight designs are essential 
to avoid damaging the ground. Driveline components that meet 
the respective conditions help to comply with these demands. 
Consequently, overload clutches with different operating prin-
ciples are indispensable.
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