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Summary. This paper presents two variants of the planegesy of Ravigneaux type. An analysis
of the power flux through the gear on the particsigeeds was derived and its usefulness in the
agricultural tractors was discussed
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INTRODUCTION

The planetary gear unit Ravigneaux [Studki 1973] in the standard version (two
variants) consists of one full planetary serieshwite ring gear toothed internally, and
the second non full planetary series, which coustdie input sun gear and the planet
long pinion interpenetrated with the pinion of thél planetary series. View of the
planetary gear unit Ravigneaux is presented in Ei§Berger 2003], and kinematics
diagram in Fig. 2.

Fig. 1. View of the planetary gear unit Ravigneaux
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Fig. 2. Ravigneaux gear system in the two basi@ansi A and B

The system enables to obtain four speeds forwaddoae speed reverse. It is con-
trolled by a system of three clutches and two tsak®uring the shifting of the speeds
(Table 1) from the first to the third during drigforwards, all the time one of the clu-
tches (9 is closed and the following are switched suceetbgi two brakes (B and
(H,) and the clutch ($. The fourth speed (with the ratio lower than oisedbtained by
closing of the clutch ($ and the brake (§l, which are not used on the lower speeds
(necessity of switching two elements at the same)ti On the reverse speed one brake
(H,) and one clutch ¢} are closed. The power is taken from the ring g€his type of
unit is used widely in automatic gearboxes in pagsr cars.

Table 1
Speed 1 Speed 2 Speed|3 Speed 4 Revefse
Clutch § X X X
Clutch S X (B) X
Clutch § X (A) X
Brake H X X
Brake H X X

ANALYSIS OF THE PLANETARY GEAR OF RAVIGNEAUX TYPE

In the result of stopping and coupling of variolengents in the gear on the particu-
lar speeds, the power flux has different charaittethe successive speeds and it has an
influence on its mechanical efficiency [Muller 197Eor that reason the power flux was
determined for particular speeds with taking intwaunt the separation for the part
transmitted by the transportation movement (nodspsind the part transmitted by the
relative movement, so by the gears (with losséspfowski,Zebrowski 1987].

The power transmitted by an element ‘X’ can be date (1):

Ny = Mypy 3)
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and its component transmitted with the transpantathovement:
Nux = My-@o 2
and its component transmitted with the relative ement:

Ny = Myoy (1)
where:
M, — torque transmitted by the element ‘x’,
wy — angular velocity of the element ‘x’,
o — transportation angular velocity of the elemet{angular velocity of the
cage of the planetary gear, in which tleemant ‘'x’ is mounted),
ww = 0y — o — relative angular velocity of the element ‘x’.

The ratios of the gearbox with the particular speaere determined with the
Willis’ formula:
— On the first speed (the gearbox operates analdgitalthe cylindrical gear) the
ratio can be noted as follows:

z

i, =2 4)
z,
and the efficiency:
My = Moz = 11211 (5)

where:
n, — efficiency of the external gear,
nw — efficiency of the internal gear.

— On the second speed the ratio is equal to:

i =&=|0 _(1_|§2)|]102 (6)
2 32 H
w, 1-ij
where:
. y4 . y4
|102 :_ZZ' |302 :Zz (7)

The power flux on the second gear is the most ciateld among the cases of all
the speeds. The determined scheme of the powesflopesented in Figure 3.
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Fig. 3. Power flux scheme for the second speed
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On the basis of the introduced scheme of the pdlerthe following formula of
the efficiency was derived:

N, i0, 1-i2 1
= =2 = 1--—22 - 8
,72 ,732 N3 ifz_i??z 1_i102,7031 1_if2,7032 ( )
where:
Nos =113 Noso =211, 9)

— On the third speed the closed clutches block tlhaqthry system which implies
that the ratio is;i= 1 and no power losses in the gears occur.
— The ratio of the fourth speed can be noted as:
Iy
=2 10
i =1 (10)
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Figure 4 presents the scheme of the power flux thighfourth speed
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Fig. 4. Power flux scheme on the fourth speed

The efficiency on the fourth speed is as follows:

— — /7012(1_i102)
= — fo12\™ 12/ 11
=0 =7 PG (11)
where:
Moz =111 12)

The ratio of the reverse speed (cylindrical geaetaan be noted as:

i, =2 (13)
a)Z
and the efficiency:
N
My =1, = WZ =1oz §14

1

The described Ravigneaux systems are used alde iagricultural tractor’s gear-
boxes.
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APPLICATION OF THE PLANETARY GEAR RAVIGNEAUX TYPE
IN AGRICULTURAL TRACTORS

The Ravigneaux systems in the tractor's garboxas maany applicationsZe-
browski andZebrowski 2000]. In Figure 5 an example of the sysi® presented, which
was used by the Case manufacturer [Materials of E&S§.

%Hz

%A Zs1 _U

Fig. 5. Scheme of the Ravigneaux system used by iGasefacturer

The power input is on the geayand the output is from the gearar on the plane-
tary cage with the assistance of the clutchearfsl $. With the help of the brakes;H
and H the gears zand z can be stopped. Effectively, the system can pmvidee
speeds forward and one speed reverse. Table 2 shioies elements are closed on the
particular speeds.

Table 2
Speed 1 Speed 2 Speed|3 Reverse
Clutch § X X X
Clutch S X X
Brake H X X
Brake H X

— The ratio of the first speed can be noted as:

i, =%=(1—%] 15§

w. i
where:

iL=-2 (16)
z
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And the efficiency formula can be derived on thsibaf the presented power flux
scheme (Fig. 6):

_.0
/730 = NO :_,70(1 .It3) (17)
N3 l_,70|13
where:
Mo =11; (18)
Nu1
No
NW3='NW1 A
N3 Nus
—>_

Fig. 6. The scheme of the power flux in the systenthe first speed

— On the second gear the ratio, the power flux schamadethe efficiency formula are
identical with the second speed of the Ravignegsaiem, described previously (8),
(9), (Fig. 3).

— On the third speed the closed clutches block thagthry system, which results in
the ratio § = 1 and results in no mechanical losses on thesgea

— The gear ratio of the reverse speed can be noted as

(19)

The scheme of the power flux on the reverse spestiowed in Figure 7, and the
mechanical efficiency of the reverse speed effajaterived on its basis can be noted as:

No l_,7032i302
= =0 = 703232 20
B =y = (20)
Nu2
No
Nws=-Nw2 4
Nus
—  » |
N3

Fig. 7. Scheme of the reverse gear power flux
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The determined, with the derived formulas, valukthe ratios and efficiencies on
the particular speeds (dependently on the teettbruind the gear efficiency) were put
into Table 3.

Table 3
Speed 1 Speed 2 Speed|3 Reverse
Ratio 1.6666 1.2500 1.000Q -1.0000
Efficiency 0.9818 0.9847 1.0000 0.9308

The modified Ravigneaux system is also a part b9 aspeed gearbox ‘powershift’
type applied by John Deere manufacturer in thetdracf series 7000 (part I111) [John
Deere Trans. 1992].

Figure 8 represents the scheme of the part ofyhesbox. The power input element
for the system Ravigneaux (part Ill) for all theeseds is the planetary cage and the out-
put element is the shaft on which the first surr gepositioned (z— larger).

In comparison to the classical Ravigneaux systenthé newest version of the
gearbox was added the ring gear(in the previous version there was no gear in this
place and the system had a classical configuratiim} gearsgand z can be stopped
with the wet multiple discs brakes and the clutohldes connecting the planetary cage
with the gear z. This solution enables to get three speeds fornaadl one speed re-
versed, but in each configuration only one frictielement was closed. This feature
makes the control of the whole unit simpler as ¢hanges of the speeds require only
switching between the friction elements.
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Fig. 8. Scheme of the modified Ravigneaux systera part of a 19-speed gearbox ‘powershift’
type applied by John Deere [199anufacturer in the tractors of the series 700artIf

Table 4 presents which elements are required wdsed for the particular speeds.
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Table 4
Speed 1 Speed 2 Speed B Reverse
Clutch S X
Brake H, X
Brake H; X
Brake H; X

The ratios of the particular speeds, the determgob@mes of the power fluxes and
the derived formulas of the efficiency (dependenthythe gear’s teeth numbers and the
gears efficiencies) are presented bel@etjrowski 2002]:

—  First speed:

Ratio ip=1;

No mechanical losses occur in the gears (direcdpe
— Second speed:

2o -1
i0
Ratio i, = (21)
iy, —1
where:
g = -2 (22)
4,7
The scheme of the power flux is presented in Figure
Nuo
No y Nwo=-Nwz
Nu7
_>_
N7
Fig. 9. Power flux scheme on the second speed
Efficiency
1_'0
,72 = ,7079( 5 -|§7) (23)
1_,797|97
where:
Nore =113 (24)
—  Third speed:
Ratio i, = 1,0 (25)
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where:
i =2 (26)

The scheme of the power flux is presented in Fidre

Nus
No vy Nws=-Nw7
Nu7
—>_
N7

Fig. 10. Power flux scheme on the third speed

Efficiency
_0
,73 = ,7078(1 -|078) (27)
Mozs ~l2g
where:
I7078 = ,72,7w (28)
— Reverse speed:
Ratio iy =t (29)
1_|710
where:
. z,
I;Jlo = Zs_zzlo (30)

7"s6

The scheme of the power flux is presented in Figdre
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Fig. 11. Power flux scheme on the reverse speed
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Efficiency
n, = '70710(1__?10) 31)
o110~ V710
where:
Moz = 11211, (32)

Values of the ratios and efficiencies on the paldc speeds determined with the
presented formulas are presented in Table 5.

Table 5
Speed 1 Speed 2 Speed B Reverse
Ratio 1.0000 0.5576 0.3226 -0.6224
Efficiency 1.0000 0.9799 0.98641 0.9450

On the basis of the presented examples it can hawabed that in the gearboxes for
tractors not all the possible speeds are used. Bathufacturers: Case and John Deere,
use three speeds forward and one speed reverseabtaibed in different ways. The
power input is always, whichever speed is realipedthe same element (gearzCase,
planetary cage — John Deere).

In the gearbox from Case two clutches and two tzrake used. On each speed two
of the friction elements must be closed but ged#tish is obtained via switching only
one friction element. The Ravigneaux system iszetd in the way that the first and the
second gears are reducing and the third geardstdi®n the reversed gear the obtained
ratio is equal minus one (during the work of thengitary series), which is accompanied
by the circulating power phenomenon and decreasesfficiency of the gearbox on that
speed in comparison to the internal efficiency e planetary series. On the forward
speeds the total efficiency of the gearbox is highan the internal efficiency of the
planetary series in work.

In the John Deere’s gearbox, because of differgpliGation of the modified Ravi-
gneaux system, there exist three brakes and onehc{the design is better from the
point of view of the used friction elements). Shift the speeds is obtained via switching
only one friction element. In this case the firgead is direct — the ratio is equal to the
one. The rest of the speeds have the ratios lolgr bne. This solution requires an
implementation of the reduction gears in the furthart of the transmission system,
which have higher ratios than the reduction geaeglun the case of the Case manufac-
turer. Also on the reversed speed the ratio is tdhvan one, which provokes the occur-
rence of the circulating power phenomenon. Accardinthis fact the total efficiency of
the gearbox on the reverse gear is lower thanrternal efficiency of the planetary
series working inside. On the forward speeds ttad &dficiency of the gearbox is higher
than the internal efficiency of the planetary sefrework.

CONCLUSIONS

1. The presented and analyzed systems of Ravignepexggars are transmissions
of the ‘power-shift’ type. Because of the numbespéeds and the range of the ratios of
the particular speeds (1.323 and 1.250 Case oBlaiél 1.729 John Deere) they play
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the role of primary or final part of the whole geax. In the Case’s gearbox the Ravi-
gneaux system is the primary part of the wholegmgission system that transmits the
power to the traditional stepped gear after opewihthe clutch (operation ranges). In
the case of the John Deere (JD) gearbox, the Raaignsystem is the final part of the
transmission system, which is fed with the powerbpower-shift’ gear. The JD gear-
box enables shifting of all the speed under thd.loa

2. As it was presented in the analysis of the Ravigreystems used in tractors,
the realization of the speeds in terms of the progigos and control of the speeds’ shift-
ing is different to the solutions used in the pagse cars (with the exception of the
second speed in the Case’s system).

3. Inthe terms of the control, in both of the desjghsee forward speeds are used
and one reversed speed. The speeds shifting dizetbaia switching only one friction
element.

4. The efficiencies of the systems coming from theséasin the gears, on the for-
ward speeds with the ratio not equal to one, atelawer than 0.98. On the reversed
speed both of the gearboxes are characterizedebygittulating power, which gives as
the result an increase in the planetary gear loatl decrease in the efficiency of the
systems (0.93 Case and 0.95 John Deere).

5. The most complicated power flux occurs in the aafséhe second speed in the
Case gearbox. However, the efficiency on that speleidh and its value is equal to 0.98.
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