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Kinematics of a Simple Planetary Gear Transmission e ieavent]
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Stationary
inertial system

Preliminary remarks:
* The simple planetary transmission possesses 2 degrees of freedom
« If the 3 angular velocities @y, wg and g, are introduced as general coordinates,

there is a forced condition (kinematic bond) between them that leads to the basic
equation of the planetary transmission

Derivation of the basic equation:

» Considering the absolute velocities of the points Py, P, and P, within the inertial
system, this results in: v,=ry . ®y, V=I5 . @g and Vp=rg; . g

* The parallel velocity vectors v, and v, form a trapeze where the distance between v,
and v, and between v, und v, equals the planetary radius rp

Kinematics of a Simple Planetary Gear Transmission =
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Thus, it is valid that V,+V,
Vo == =2:-Vo=V,+V,

2.1y -0Og =l - ©, +I5 - Og

Furthermore; lo = —Te
A

']

2-Fg =T, +T

(y+15) Og =Ty Oy +l5 - O

« If the equation above is divided by rg and if the angle-of-rotation velocities ©y, @g and g,
are substituted by the speeds ny, ng and ng,, the basic equation results in

I I
(F+1)-ng ="-n, +ng
s fs

« The ratio of the rolling-circuit radii ry / rg equals the (negative) transmission ratio of the planetary
stationary transmission where the bar is retained (ng=0).
I n h
ng=0 = ‘f.n,+n,=0 = ==-*H
r rS nH rS
With stationary transmission ratio: i, == (i, +1)-ng =iy -ny +ng
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Planetry Transmission: Simple Planetary Gear Set

= possible transmission ratios

(i, +1)-ng =i, N, +nNg

( Bra,léul > Vg =°)

= B dches
Conventional
Input Output Braked Transmission i | transmissions i for
=264
Sun gear Internal gear Planet-g. carrier | i=-ig i=-4 -2
1 Intemal gear Internal gear Sun gear Planet-g. carrier | i=1/(-ip) i=.05 025
2 Planetary gear Sun gear Planet-g. carrier | Internal gear i=1+i iz3 &5
3 Sungear
4 Bar Planet-g. carrier | Sun gear Internal gear i=1/(1+1iy) =02 0.3
e Internal gear Planet-g. carrier | Sun gear i=1+ (1) =125 15
Planet-g. carrier | Internal gear Sun gear i=lg/ (1+ig) =067 <08
= Raduﬁs,m gw/ Radiuss,, geqr = Stationary transmission ratio
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Ravigneaux Planetary Gear Sgt

Two gear sets nested into each other joint by a planet gear carrier.

Drive shafts

Multidisc clutch

Broad planetary gear
Internal gear

Planet-gear carrier

Narrow planetary gear
Small sun gear

Big sun gear

Output 9

0 Parking Iock/j
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Ravigneaux Planetary Gear Set e
. %ﬂ Internal gear a
C...Multidisc clutch
B...Multidisc brake C1C2 B, \ B,
-|_| — Long planetary gear
/ Short planetary gear
Input _— Output
ny — )
. Small sun s, => C1
Big sun s, = B,
CIQMI \ Lo Gear 1 2 3 R
N\ ey | ¢ e ® [
B2,er D wgptwa-k \
c2 o o
B1 [
Combining the different
clutches results in the following B2 ® ®

transmission possibilities:
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Ravigneaux Planetary

Gear Set
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C...Multidisc clutch

B...Multidisc brake c1 c2 B1 i \ i i

B;

Bar = B,

Internal gear a

— Long planetary gear
Short planetary gear
= p yg
__Input a.—_- -\ Output
1 —— M2
Small = C1
Big sun s, = B, / matl sun s
Gear 1 2 3 R
159V
C1 o o L J
c2 o L
B1 o
Combining the different
clutches results in the following B2 L o

transmission possibilities:
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6-Speed AT according to Leppeletier N

o I
Converter Simple planetary | Ravigneaux gear set
gear set I
I

Sum: 5 shift elements !
(5-speed preceding transmission: Shift matrix

8 shift elements (incl. freewheel))

Clutches Brakes Trans-
B E c D mission

Gear

4.17
L] 2.34
. 1.52
. 1.14
. . 0.87
. . 0.69
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6-Speed AT according to Leppeletier
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CCL

1AB Ci i iD

2

1
Converter |
1
Sum: 5 shift elements !
(5-speed preceding transmission:
8 shift elements (incl. freewheel))

Simple plan
gear se

K

A Q\o(‘kezj

ooz 1,

.

I
etary : Ravigneaux gear set
t I
I
Shift matrix
Clutches Brakes _
Gear T!'ar!s
A B E c D mission
1 . . 4.17
2 . . 2.34
3 [ . 1.52
4 . 1.14
5 . . 0.87
6 . . 0.69
B ] L -BL

6-Speed AT according to Leppeletier
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CCL | A B Ci i iD
: = ’l
Input : /” :
Simple planetary Ravigneaux gear set

]
Converter |
]
]

Sum: 5 shift elements
(5-speed preceding transmission:
8 shift elements (incl. freewheel))

gear set

Shift matrix

Gear Clutches Brakes Trans-
A B E c D mission

1 L] [ ] 4.17

2 . ] 2.34

3 L] . 1.52

4 ] [ ] 1.14

5 L] L] 0.87

6 ] L] 0.69

B [] [ -3.40




7-Speed AT according by DaimlerChrysler principle EDn i
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'B1 B3

Jc1

B

CC

1B

.

Output
Converter ' Inverse Ravigneaux gear set ' Simple planetary gear sets
Sum: 7 shift elements Shift matrix ® closed shift elemen
Clutches Brakes
Gear

Cc1 c2 c3 Bl B2 B3 BR
1 . . *
2 . [ [
3 L] [ ] [ ]
4 . L [}
5 . [ [
6 L] L] L]
7 . . *
B1 . [} .
R2 Ld [ ] L]

7-Speed AT according by DaimlerChrysler principle (235 N
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Shifting elements with

/NSIip-con_trolled converter Oil pump for controlling multidis;: c\?:ﬁhes and Output side —
UJ _ clutch with the hydraulic supply e et = A transmitting the
damping element pressure planetary transmissions engine torque to the

drive axle

Parking lock

Attachment of the
mechanical linking
with the selector
lever

Control and
regulation unit
integrated in oil sump
engine torque to the i i with solenoid valves,
transmission Fast shifting control- EIECtmr_"c dev'ce_s for electronic devices
solenoid valves for controlling the shifting and sensor systems
Hydrodynamic activating the procedures as needed

torque converter shifting elements

Input side —
transmitting the



