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Hybrid systems for Agricultural
Engineering
Many electric driven agricultural machines have been presented in the recent years. Their
advantages, apart from exact controllability, are speed variability and overload capability. To
utilize the advantage of variable speed some more possibilities are available. It has to be considered, that the architecture of the drive-train determines the realizable functions. This paper
considers selected hybrid-structures and functions on the example of a tractor and a drive
on a manure spreader. Furthermore the potential of electric drives from the view of Austrian
manufacturers of agricultural machinery is reported.
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In consequence of the high energy density of diesel-fuel
it is assumed that the diesel-engine will be used dominantly
in the agricultural business during the next decades. Comparisons with regard to energy density can be found e. g. in [1].
The diesel’s energy density is better by a factor 50–100 than
those of accumulators. The lately presented machines and implements with electric power-drive are mainly pure electrified
or in serial hybrid-structure [2–7].
In those system-architectures the whole power delivered by
the diesel-engine is first transformed into electric power by a
generator and then re-transformed into mechanical movement
by an electric motor. Control-units and, if necessary, storage devices are installed between. The amount of transformed power
has to be considered carefully with respect to the losses occurred during transformation. For certain applications powersplit or parallel hybrid-structures are useful, as described e. g.
in [8] and [9] (Figure 1).

n

mandatory [10]. The advantage gained by the reduction of the
specific fuel-consumption must overcome the losses raised by
the energy-transformation. At vehicle stop the internal combustion engine (ICE) could be turned off, if the operating temperatures of the coolant, exhaust gases treatment system etc. have
been reached. A pure electric traction drive might be beneficial
for urban transportation or for short cycle movements; hence
the exhaust emissions and the noise exposure can be reduced.
The potential for recuperation is limited in agricultural machinery [9]. In reference to the construction site machinery
[8] the rotating machine parts on implements or alternating
hydrostatic loads can be used for energy recovery (implement
powertrain, PTO-shaft, cylinders). For small electric loads the
utilization of exhaust-gas thermal energy can be considered.
The tractor’s front axle can be driven electrically. In this case
the power distribution and the front axle-construction could be
simplified. The mechanical differential can be replaced by the
electric driven front wheels. The lead can be eliminated by the
individual speed of each single tire with respect to the steer-

Fig. 1

Agro-Hybrid functions
Literature from the automotive-sector refers basically to the
traction drive-train. Agricultural machines have furthermore
a huge variety of functional drives. For instance a tractor
equipped with a generator could realize the functions illustrated in Figure 2.
The specific fuel consumption of a diesel-engine in partload operation is relatively high. When the engine is operated
with torque reserves, these reserves can be used to power a
generator. For this purpose a battery-management-system is

Basic hybrid-structures for a rear axle drive
(serial, power-split, parallel)
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Fig. 2

Feasible functions on a hybrid-tractor

ing angle and further parameters. Advantages can be derived
from [12]. Then the wheels need to be individually controlled
[13]. With a variable or partly variable PTO the working speed
on rigid coupled implement-drives can be controlled independently from the speed of the ICE.

Agro-Hybrid structures
In general the following structures can be appropriate for functional- or traction-drives on agricultural systems (self propelled
machine or tractor-implement-system):
■■ electrification
■■ serial agro-hybrid
■■ power-split agro-hybrid
■■ paralley agro-hybrid
Self propelled machines and tractor-implement combinations
have to be distinguished. Self propelled machines are basically
closed systems with functional assemblies as harvester headers or combines’ cutterbars being seldom changed in normal
operation. The interface-problems are therefore solved relatively simple. Hereinafter a tractor and a manure spreader with
variable feed drive are considered as an example.
The functions that could be realized are depending on the
agro-hybrid-structure.
For full variable chain feed drive including reverse direction
of rotation (-n...0...+n) the serial structure is prefered (Figure 3,
a). The feed power is provided electrically, which requires a
multiple transformation of the whole power needed for the feed
drive. It can be generated on the tractor, an PTO-driven power
pack or on the implement itself [7].
Power-split systems can be beneficial for applications
that need variable rotational speed within a certain range.
The range-variability (n ± ∆n) can be realized by speed superposition with planetary gears. The major power is transferred
conventionally e. g. by mechanical PTO-shaft. An electric motor
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overlaps the provided power from the PTO and covers the variable power demand (Figure 3, b). Based on the limited range of
speed-variability the amount of variable electric power is smaller than in the serial structure. Losses due to power conversion
can be reduced. Alternatively the superposition can be realized
by hydraulics.
If power-peaks shall be covered then the use of a parallel
structure (power addition) could be considered (Figure 3, c).
Power boost is possible by the electric drives (P + ΔP). A support for acceleration of machine parts is feasible. For power
boost also hydraulic elements are available [14–16].
The hybridization can be applied on following drives, e. g.:
■■ chain feed drive
■■ spreader discs
■■ traction drive
■■ speader drums

Fig. 3

Manure spreader with chain feed drive in different
agro-hybrid-structures (serial, power-split, parallel)
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Table 1
Hybrid functions according to hybrid structure
Seriell
Serial

Leistungsverzweigt
Power-split

Variabler Kratzbodenvorschub
Variable chain-feed drive

x

x

Variable Streubreite
Variable spreading width

x

(x)

Zugkraftunterstützung
Supported traction force

x

(x)

Variable Walzendrehzahl
Variable drum-speed

x

(x)

Unterstützung bei Kurvenfahrt
Torque vector control

x

(x)

Boost
Boost

x

x

Instationärausgleich
Dynamic load compensation

x

Funktion
Function

Parallel
Parallel

The structure of the drivetrain depends on the required
functionality. Serial, power-split or parallel systems favor different functions, as shown. System architectures with small
variable (electric of hydraulic) power-share might be beneficial
when focusing on little thermal losses.

References
[1]
[2]

[3]

[4]

x
[5]

x

x
[6]
[7]

Table 1 shows that the hybrid-structure and the corresponding electric power requirements are depending on the
requested functionality.
The thermal loads resulting from the losses during repeated
power-transformation take on an important role and have to be
considered in the machine conception [17, 18]. They can be
kept small, e. g. with minor power, to possibly skip a separate
cooling-system or utilize air-cooling only.

[8]

[9]
[10]
[11]

Potential of electric drives in agricultural machinery
Possible applications and their power requirements were collected in two surveys among manufacturers of agricultural machinery [19; 20]. It was assessed that power values of drives
on implements are typically 50–60 kW. The use appears to be
promising in applications where infinitely variable hydrostatic
drives can be replaced by electric ones (e. g. at traction drives
on large self-propelled harvesters) or where processes can be
automated to increase the productivity. The availability of electric power delivered by the tractor is expected in the next 5 to
10 years. A total substitution of hydraulic or mechanic drives
by electric ones is not expected.
The identification of beneficial applications has to be considered carefully with respect to customer acceptance.

[12]

Conclusions

[19]

The benefits of electric drives have been demonstrated in many
projects. The diesel-fuel will remain as the primary energy
source thanks to its high energy density. The electricity will be
generated by a diesel-driven electric machine. Electric drives
will become more important due to the increase of efficiency
and functional/productivity extension. The broad introduction
of electric driven agricultural machinery is expected in the next
5 to 10 years.

[13]
[14]
[15]

[16]
[17]
[18]

[20]

Wallentowitz, H., Freialdenhoven, A. (2011): Strategien zur Elektrifizierung des Antriebsstranges – Technologien, Märkte und Implikationen.
ATZ/MTZ-Fachbuch. Wiesbaden, Vieweg+Teubner Verlag
Stöcklin, V. (2008): Die Vorteile des elektrischen Antriebs am Beispiel
Zweischeibenstreuer. Vortrag bei der Tagung Agritronica 2008, St. Florian,
25.01.2008, http://www.hlbla-florian.at/joomla-1_5/images/stories/agritronica08/stoecklin.pdf; Zugriff am 17.04.2008
Rahe, F. (2011): Möglichkeiten elektrischer Antriebstechnik am Anbaugerät. Vortrag beim VDI-MEG Kolloquium Elektrische Antriebe in der
Landtechnik, Wieselburg, 05./06.07.2011, http://blt.josephinum.at/index.
php?id=1421; Zugriff am 13.07.2011
Geißler, M.; Aumer, W.; Lindner, M.; Herlitzius, Th. (2010): Elektrifizierte
Einzelradantriebe in mobilen Landmaschinen. Landtechnik 65(5),
S. 368–371
Hofinger, M.; Baldinger, M. (2011): Schwaderantrieb. Vortrag beim
VDI-MEG Kolloquium Elektrische Antriebe in der Landtechnik, Dresden,
26./27.06.2011, VDI
Karner, J. (2011): Elektrische Antriebe in Landmaschinen. Der Fortschrittliche Landwirt 24; S. 53–55
Prankl, H.; Nadlinger, M.; Demmelmayr, F.; Schrödl, M.; Colle, T.; Kalteis,
G. (2011): Multi-Functional PTO Generator for Mobile Electric Power
Supply of Agricultural Machinery. Tagung LAND.TECHNIK AgEng 2011,
VDI-MEG, AgEng, 11.-12.11.2011, Hannover, S. 7–13
Vahlensieck, B.; Gruhle, W.-D. (2009): Elektrische Antriebe für mobile
Arbeitsmaschinen – Ein methodischer Ansatz zum Übertragen
existierender Lösungen. http://www.baumaschine.de/wissensportalarchiv/2009-03, Zugriff am 30.07.2012
Thiebes, P.; Geimer, M. (2008): Potenziale von Hybridantrieben. Mobile
Maschinen 1(4), S. 14–17
Hofmann, P. (2010): Hybridfahrzeuge – Ein alternatives Antriebskonzept
für die Zukunft. Wien, Springer Verlag
Geimer, M. (2008): Hybridantriebe - Ein realistischer Vergleich der
Systeme. 19. Aschaffenburger Fachtagung „Alternative Antriebskonzepte“, 21.11.2008, Aschaffenburg, digbib.ubka.uni-karlsruhe.de/volltexte/
documents/792938; Zugriff am 20.11.2009
Hannukainen, P.; Ruokola, T.; Lehto, E.; Virtanen, V. (2011): Study in
Benefits of Controlled 4-Wheel Drive Clutch. Tagung LAND.TECHNIK
AgEng 2011, VDI-MEG, AgEng, 11.-12.11.2011, Hannover, S. 223–230
Schmid, B.: Elektrischer Radantrieb. die grüne 21, S. 31–33
Hohenlohe, P. F. zu (2012): Serielle Hybridlösung für Radharvester,
ATZ offhighway 1, S. 34–43
Kohlmäscher, T.; Grütterl, S.; Skirde, E. (2011): HPB – Hydraulischer
Power Boost in kostensensitiven Anwendungen – Flexible Integration
in bestehende Hydrauliksysteme. Tagung „Hybridantriebe für mobile
Arbeitsmaschinen 2011”, 17.02.2011, Karlsruhe, S. 125–135
Bauer, F.; Feld, D.; Grün, S. (2011): Doppelkolbenspeicher – Innovativer
Hydraulikspeicher für mobile Arbeitsmaschinen. Tagung „Hybridantriebe
für mobile Arbeitsmaschinen 2011”, 17.02.2011, Karlsruhe, S. 136–149
Buczolits, R. (2012): Aufbau und messtechnische Beurteilung einer permanentmagneterregten Synchronmaschine für Rohrantriebe. Diplomarbeit TU-Wien, Institut für Energiesysteme und Elektrische Antriebe
Kogler, F.; Heissenberger, J.; Schrödl, M; Hofinger, M.; Karner, J.;
Prankl, H.; Kalteis, G.; Prand-Stritzko, E. (2012): Optimierung einer
Mäher-Aufbereiterwelle durch einen elektrischen Antrieb. Landtechnik
67(6), S. 425–428
Möhrer, M. (2011): Landwirtschaftliche Geräte mit elektrischen Antrieben – Anforderungen an die traktorseitige Technik. Vortrag beim
Kolloquium „Elektrische Antriebe in der Landtechnik”, 05./06.07.2011,
Wieselburg, http://blt.josephinum.at/index.php?id=1421; Zugriff am
13.07.2011
Karner, J.; Prankl, H. (2012): Erwartungshaltung der österreichischen
Landtechnik-Industrie hinsichtlich elektrischer Antriebe. Tagung
“Land.Technik 2012”, VDI-MEG, 06./07.11.2012, Karlsruhe, S. 335–340

landtechnik 68(1), 2013

25

Authors
Dr. Dipl.-Ing. Jürgen Karner is Senior Researcher at Josephinum Research, A-3250 Wieselburg, E-mail: juergen.karner@josephinum.at
Dr. Dipl.-Ing. Martin Baldinger, MSc is Head of Mechatronics,
Prototyping, Testing and Simulation at Alois Pöttinger Maschinenfabrik
Ges.m.b.H, A-4710 Grieskirchen
Dipl.-Ing. Peter Schober is Head of Development at Reform-Werke
Bauer & CO Gesellschaft m.b.H., A-4600 Wels
Dipl.-Ing. Burkhard Reichl is responsible for Product Validation, System
Integration & ISOBUS at CNH Austria GmbH, A-4300 St. Valentin
Dipl.-Ing. Heinrich Prankl is Head of Research & Innovation at the BLT
in A-3250-Wieselburg

Acknowledgements
This work is part of the project Future Farm Technology (FFT). It targets
research, development and improvement of innovative technologies in
agriculture. FFT was funded by the COMET programme of the Austrian
Research Promotion Agency.

landtechnik 68(1), 2013

