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Summary. The objective of this work was to present the estvgeneration of hybrid gearboxes
being in use in the agriculture tractors. Kinetithemes were presented and the operation princi-
ples of these devices were described. The workagmtlso a set of tables and graphs that com-
pare different types of hybrid gearboxes by théeda of their efficiency and the velocities that
can be reached by tractors on the particular git.sh
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INTRODUCTION

Velocities used in tractors during various agrigtdt works have the following
values: less than 1 km/h on the so called creepéags, between 4 and 12 km/h (during
working on the main tasks which the tractor wadgtesd for, usually with the highest
towing forces), up to 30 or 40 km/h or even 50 kaépendently on the tractor’s design
and the traffic regulations. The forces acting ba tractor also vary in a wide range.
These depend on the type of work and conditionstti@tractor is faced with. For that
reason the towing force can change from value @p work with a spraying machine),
to the maximal force value, which is equal to thiécal value of the traction adhesion
(e.g. during ploughing).

Tractors are usually faced with several contradyctequirements, e.g. on one hand
it is required, that the tractor should work prdpdrom the agricultural point of view
(e.g. constant deepness of the tool, the lowestilplesskid of the driving wheels), had
low fuel consumption. And on the other hand itssiaily required that it had the highest
possible velocity of work, has high towing efficagnand moreover the mechanical wear
of the tractor unit was the lowest possible. A vienportant issue nowadays is the pro-
tection of natural environment (limiting of the toxcontent in the exhaust gases, ob-
tained thanks to working with the optimal rangeaafengine’s characteristic, reduction
of noise by lowering of the maximal rpm of the em@)i

The effects of the tractor’s unit work depend ampag other things, the chosen ra-
tio of the transmission system. In accordance i® fdct the most proper transmission
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should be used in the tractor dependently on theking conditions and the particular
purpose.

When we take into account the character of the wadrk farm tractor and the uni-
versal characteristics of engines, the ratio sprfathe gearbox should range around
forty. It comes from the fact that the tractor dldobe able to work with maximal and
minimal velocities when the rpm of the engine dose to the nominal valug€gbrowski
andZebrowski 1997, Szydelski 2004]. It is the resultitd situation that in the agricul-
tural work, the low gears are usually utilized witie accessories that require the addi-
tional power from the power take-off shaft (PTOheTslow velocities, at which the
tractor is driven on these gears, must be adedoatiee velocities of the accessories’
operation. And the engine should work with the nmahirpm in order to ensure the
nominal standardized angular velocity of the potaée-off shaft (PTO) [23]. For these
reasons the following solutions are used [Dajni8&3l, Fendt: Fav. 816..., Renius 1992,
Knechtelet al. 1997, Langet al. 1998, Reiter 1998, Renius 1999, Pfab H. 2008,
browski andZebrowski 2003, Resch 2004]:

- stepped ratio gearboxes,
- hydrodynamic gearboxes,
- hybrid gearboxes.

For the ratio spread reasons (in the middle-weaglat heavy tractors) the number of
speeds in the stepped and hydrodynamic gearbdxéedsin the classical way, is larger
than twenty. And in the case of the gearboxes thighgear shifts performed under load-
ing (‘power-shift’ type) the number of speeds isward twenty. It allows for a proper
selection of the ratios gradation, it ensures asqadtely low velocity of the first gear
(even below 1 km/h) and it allows to reach the mmatispeed of the top gear (access
gear, max 50 km/h) [Fendt: Fav. 900, Jarchow amdeBthal 1998, John DeereaGniki
s. 6020.....].

The requirements mentioned above would be metéanetisiest way by the gear-
boxes with the continuous change of the gears.ekigting gears of these types — man-
ual and hydrodynamic (and electric), because of features (especially mechanical
efficiency), are not possible to be directly imptamted in the agricultural tractors.

HYBRID GEARBOXES

In order to obtain the continuously variable gestior within the required spread,
during transmission of high power, and with engyririgh reliability and durability of
the transmission unit, the largest manufacturenglément particular models of their
tractors with the hybrid gear boxes in their newgsheration [Case IH CVT 1998,
Aitzetmdiller h. 1999, Claas Xerion, Fendt: Fav. 90QJohn Deere @gniki s. 6020..,
Langet al1998, Pohlenz 1999].

They consist of the gears connected in parallediréstatic with the continuous
change of the gear ratio and stepped manual gearbox

The operational principle of these gearboxes legividing of the power provided
by the engine into two power-fluxes configured arallel through the stepped mechani-
cal gear and through the hydrostatic gear. The matithe divided flux of the power
depends on the shifted gear in the mechanical @jgdrsettings of the hydrostatic gear.
The fluxes are combined on the summating shaftchviplays a role of the gearbox’s
output shaft.
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HYBRID GEARBOX OF FENDT VARIO TRACTOR

The speeds of stepped gearboxes can define, dayibnde the design, the ranges
of the tractor’s velocity (e.g. Fendt Vario — twanges: heavy work and transport work)
(Fig. 1, 2, 3) [Fendt: Fav. 900..Zebrowski andZebrowski 1993, Szydelski 2002] or
can be used in order to obtain the required spoédhe ratio changeable continuously
(Fig. 5, 9, 12, 14)
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Fig. 1. Kinetic scheme of the hybrid transmissiéithe tractor Fendt Vario
[Zebrowski andZebrowski 1993]
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Fig. 3. View of the hybrid gearbox transmissiorttef Fendt Favorit Vario 924 type
[Szydelski 2002]

The principle of the operation is that, the steppatio gear (planetary) shifted
automatically has the gear’s ratios designed inwhg that on a particular shift of the
planetary gear, the lowest ratio of the gearboreferenced to the highest ratio of the
gearbox on the higher shift. However, the shiftioigthe gears is accompanied by
changes in the mechanical efficiency of the geafpix 2, 9, 12, 14).

HYBRID GEARBOXES: ‘ECCOM TRANSMISSION’
IN THE DEUTZ FAHR AGROTRON TRACTOR AND ‘STEYR S-MAIC’
IN THE CASE IH SERIES CVX TRACTOR

Figure 2 presents the design of ‘Eccom transmisgjearbox by ZF Passau GmbH
applied in tractors of Deutz Fafr Agrotron modelg:F 1130, 1145, 1160 developing
power: 107, 123, 175 and 220 kW [Pohlenz 1999]Juled depicts the solution Steyr S-
Matic proposed by Steyr-Daimler-Puch AG [Case IHTC1R98, Aitzetmiller h. 1999]
manufacturer for tractor produced by Case IH irneseCVX (power 101-141 kW).
Presently both companies were united with the namenZF Steyr GmbH. Both of the
gearboxes have 4-speed, planetary gears but Vifdratices in the design details [Lang
et al1993].

In the Steyr S-Matic gearbox, claw clutches weredu§ he clutches: K1, K2, K3,
K4, KF, KR are toothed elements.
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by Steyr-Daimler-Puch AG mounted in tractors Case IH
series CVX [Case IH CVT 1998, Aitzetmiiller 1999]
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Fig. 10. View of the Sreyr S-Matic gearbdkgbrowski andZebrowski 1996]

HYBRID GEARBOX OF XERION TRACTOR BY CLASS MANUFACTRBER

Another design was used in the tractor Xerion mactufed by Class (Fig. 11, 12).
It implements a 4-speed planetary gear configunegeries with a 2-speed gear in the
way that allows to get eight speeds [Claas Xer®ayer 1998, lvantysynova 2000,
www.dspace.de].

Table 1. Velocity ranges on the particular geapsat

\ - Running velocity | Running velocitykm/h

Range Power transmission Gear rate km/h for Nh = 0 %

1 hydrostatic ~15.82 0-1.11 -

2 Hydrost. & mech.| 15.82-9.94 1.11-1.85 1.7

3 Hydrost. & mech. 9.94-5.69 1.85-3.08 2.8

4 Hydrost. & mech. 5.69-3.42 3.08-5.13 4.6

5 Hydrost. & mech. 3.42-2.05] 5.13-8.56 7.7

6 Hydrost. & mech. 2.05-1.23] 8.56-14.30 12.9

7 Hydrost. & mech. 1.23-0.74 14.30-23.80 21.4

8 Hydrost. & mech. 0.74-0.44 23.80-39.6 35.7

The column in the Table 1 for Nh = 0% represengsviilocities of the tractor when
the hydrostatic gear does not transmit any powes iteferenced to the maximal effi-
ciency for the particular speed.
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Fig. 11. Hybrid gearbox used in the Xerion tract@mufactured by Class [www.dspace.de]:
a) kinetic scheme of the HN8 gearbox, b) view ef Xerion hybrid gearbox
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Fig. 12. Distribution of mechanical efficiency diet Xerion hybrid gearbox
on the particular gear ratios
In the Xerion tractors by Class, it is possiblestdtch between so called operation
modes, which automatically control the work. Thiédfeing modes are available [Class
Xerion]:

— to adjust the tractor’'s speed by keeping constagular velocity of the engine
(‘lever strategy’),

— to adjust the tractor’s speed by changing the amgudlocity of the engine, with
limiting of the maximal speed by means of the calngver on the gearbox (‘accelera-
tion pedal strategy’),

— keeping of the constant work velocity for variousyalar velocities of the en-
gine (‘constant velocity strategy’),

— operation on a defined constant output power Iggehstant power strategy’).
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HYBRID GEARBOX ‘AUTOPOWR’ IN JOHN DEERE SERIES 70Z0RACTOR

The John Deere manufacturer implemented in theodrscseries 7020 (engines
power 125-147 kW) the gearbox IVT called ‘AutoPgwwhich enables varying of the
velocity from 0,05 km/h (50 m/h !) to 42 or 50 knjllohn Deere...].
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Fig. 13. Kinetic scheme of the hybrid gearbox NAutoPowr’ manufactured
by John Deere and mounted in 7020 series tractors

The gearbox consists of planetary gear connectgaiallel with hydrostatic gear.
The planetary gear has two speeds forward andexre¥se and is operated by two wet
multiple-disc clutches and one brake. The hydrastgar has a variable delivery pump
and a constant absorbing capacity of the turbin¢h(bf the units have the same maxi-
mal unitary delivery). The principle of the geareogtion is that, with the clutch KL
closed, when the hydrostatic gear works with th&imal negative ratio, the cage of the
planetary gear, which gives the power feed, do¢satate (the tractor does not move).
Increasing of the gear ratio to the value zero thed a further increase to its maximal
value, result in a growth of the tractor's velocity further increase of the tractor’s ve-
locity is continued after opening of the clutch lihd closing of the clutch HL and suc-
cessive decreasing of the hydrostatic ratio tontti@mal value (negative ratio by the
maximal delivery of the pump).

COMPARISON OF THE HYBRID GEARBOXES

In all of the variable-speed transmissions preskirtethis paper, the phenomenon
of the total mechanical efficiency variation occ@ifsy. 2, 9, 12, 14). It is the result of
two facts. The first is the existence of variatiamshe efficiency of the hydrostatic gear
dependently on its actual ratio, and the seconaition of the power flux efficiency
through the planetary gear, which comes from thiectibn of the power flux and its
partition for the power transmitted by the relatmevement and for the power transmit-
ted by the transportation movement.
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Table 2 Comparison sheets of the data characterizingresented gearboxes.

Gearbox type Fend Vario Steyr S-Matjc Claas HMB EZ¢Eom Jon Deere IVT
transmission 1.5 ,AutoPowr”
Input power, kW 190 125 140 107 125 - 147
Pump type | Variable axial| Variable axial | Variable axial [ Variable axial | Variable axial
piston pump il piston pump in| piston pump in| piston pump in| piston pump in
bent axis design swash plate swash plate swash plate swash plate
design design design design
Control range | From +45° to +20° +20° +20° +45°
Displacement -30°
volume 57 cm 28 cnt 28 cnt 160 cni
233 cmt
Motor type Variable axial| Axial piston Axial piston Axial piston Axial piston
piston motor i motor in swash motor in swast motor in swasH motor in swash
bent axis plate design plate design plate design plate design
Number 2 1 1 1 1
Control range | From - 0° to | Fixed displace{ Fixed displaceq Fixed displace{ Fixed displace-
Displacement +45° ment ment 16 [cr] ment ment
2 x 233 cril 57 cnd 28 cni 160 cnd
Number of gears 2 4 8 4 2+ 1R
Shifting method| Synchromesh Gear clutch Gear clutpMultiplate clutch 2 Multiplate
clutch + 1 brakd
Number of 1 3 2 4 1,5
planetarny gears
Reverse gear |Negative swivel Planetarny gear Reversing geaf Reversing ggar Planetarny
angle pump
Maximum hydro- 100% 50% Ranges I: 50%d~rom 30 to 459 50%
static power rati other ranges 33pb
Nh
Nh = 0 At forwar 32i50 2,9:8,4:16,5(1,7;2,8;4,6; 7,4 3;9;18; 36 10; 35
speed, km/h 30,9 12,9; 21,4; 35,1 (Vmax = 42)*

*V (km/h) given in accordance to the analysishe aiuthor

hear
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In Table 2 the data describing the presented geesb@re showed [Langt
al.1998] with additional data devoted to the caséeflVT ‘AutoPowr’ by John Deere.

CONCLUSIONS

1. The simplest designed gearbox is the one of theltPéario tractor. It consists
of one planetary series and the hydrostatic geatagung special hydrostatic units:
variable delivery pump and turbines with variables@bing capacity. The hydraulic
units are characterized with large angles of thmdgrs blocks (45 deg) and large deliv-
ery. However the efficiency of this gear is verwlaithin the range of the low veloci-
ties. It results from the fact, that almost alltieé transmitted power in the low velocity
range is transmitted by hydrostatic gear. In thisge the hydrostatic gear has very low
efficiency (low efficiency of the pump by the loveldvery and low efficiency of the
turbine by the low angular velocity).

2. A little bit more advanced but still simple desigias chosen in the case of JD
‘AutoPowr’ transmission gear. It consists of: twlanetary series (one of them not full)
controlled by means of two multiple disc wet clgsh{forward speeds) and one multiple
disc brake (reverse speed); hydrostatic gear, tongathe pump of variable delivery
and turbine of the constant absorbing capacitynk&do that solution, the control sys-
tem of the gear is relatively simple.

3. The gearboxes ‘Eccom transmission’ and Steyr Séviadinsist of four plane-
tary series but with different configurations. Baththem have four ranges of ratios. The
‘Eccom transmission’ gearbox is controlled by fooultiple discs wet clutches and one
multiple discs wet brake. Moreover, the gearbox tilas multiple discs wet clutch to
drive forward and one clutch of the same type feedreverse. The Steyr S-Matic gear-
box is controlled by four claw-toothed clutcheseTrward drive and reverse drive is
realized via two toothed clutches. The advantageisifig of the toothed brakes and
clutches is the lower price of manufacturing anpleixation (no need of the oil delivery
for operation), and it increases the mechanicaieffcy of the device (no viscous losses
on the friction components). In both of the desjghe hydrostatic gears have the same
principle of operation. They contain the pumps afiable delivery and the turbine of
constant absorption capacity (hydraulic units @fssical design, very popular on the
market). This kind of the design requires more cirafed system of the automatic
control.

4. The most advanced mechanical design has the ge&t8xmanufactured by
Class. It consists of four speeds planetary geanecxted in a series with two speed
cylindrical gear, which give 8 speeds (velocitygas) in total. Thanks to the fact, that
the minimal value of the ratio on each gear is etputhe maximal ratio of the next gear,
it was possible to use in the Steyr S-Matic gearth@xtoothed clutches. This solution
decreases the costs of the manufacturing and ¢éxipbwi (no need of the oil delivery for
operation), and it increases the mechanical effagieof the device (no viscous losses on
the friction components). The hydrostatic gear @iaof the classical hydraulic units
(pump of variable delivery and the turbine of canstabsorption capacity). Moreover, it
has the most advanced systems of the automatiootont

5. The hybrid gearboxes are treated as the newesnastiadvanced solutions on
the market and are usually offered as optional prgant for the tractors equipped
mostly with traditional gearboxes e.g. normally washift’ type. For example the John
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Deere manufacturer mounts in the tractors seri@® 70e ‘AutoPowr’ gears or proved

gearboxes type ‘powershift’: ‘AutoQuad Plus’ andv#Quad Plus’, which have con-

stant and very high mechanical efficiency on egobed. The ‘Powershift’ gearboxes

have proved their durability and reliability inad¢e amount of tractors that were manu-
factured.
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