5T 83021

THE KINEMATIC DESIGN OF EPICYCLIC GEAR TRAINS

1. NOTATION AND UNITS
In this Notation, units are given for both Sl and a familiar British system.

The sign convention adopted by this Item is that a negative sign implies rotation in the opposite sense to
the input rotation.

1.1 Principal Symbols

S Sl British

7

- d diameter m ft

(S)

©

1= E epicyclic gear train efficiency

(@]

(S)

D F number of degrees of freedom

I

o Q number of co-planar planet gears in any one siogtger

g, gear train

3 T torque N m Ibf ft

(@]

"'j t number of ‘gear meshings’ between planet gears and other gears,

,r_g ignoring those planets which are kinematically redundant

% (see SectioR)

E U, fixed-carrier ratio

.90

§ u gear ratio

O . . . . . :

S \% linear velocity of planet centre relative to the axis of rotation  m/s ft/min

g of the planet carrier
% linear velocity (pitch line) m/s ft/min
Y total number of moving members which can independently rotate

about the central axis, together with the total number of planet
gears, ignoring those whicre kinematically rdundant

Z number of teeth

A transmission loss due to tooth mesh (power loss across the
mesh expressed as a fraction of the input power)

n meshing efficiency

w angular velocity rad/s rad/s
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1.2 Suffixes and ldentifying Symbols

A annulus gear

b,d e f g h general lettering

C planet carrier

P planet gear

S sun gear

1...9 general numbering

1.3 Combined Symbols

dp reference diameter of planet gear m ft
dg reference diameter of sun gear m ft

m, normal module pitch m ft
Z\ number of teeth on annulus gear

ZpyrZpy number of teeth on annulus gears 1 and 2 respectively

ESDU Copyright material. For current status contact ESDU.

Zp number of teeth on sun gear
Zp1, Zpsy number of teeth on planet gears 1 and 2 respectively
Zg number of teeth on planet gear
Zg, Zgy number of teeth on sun gears 1 and 2 respectively
Ny total efficiency of gear train whenlaling only for losses
due to meshing
Wy angular velocity of annulus gear rad/s rad/s
Wpps Wao angular velocity of annulus gears 1 and 2 respectively rad/s rad/s
We angular velocity of planet carrier rad/s rad/s
Wy We,  angular velocity of planet carriers 1 and 2 respectively rad/s rad/s
Wg angular velocity of sun gear rad/s rad/s
Wgy » Wgp angular velocity of sun gears 1 and 2 respectively rad/s rad/s
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2.

INTRODUCTION

This Item presents the user with two analytical methods for the kinematic design of epicyclic gear trains
and is limited to a consideration of the kinematics and the efficiencies of the geaHoaveser, Sectio®

of this Item does give the formulae for determining the positions of multiple planets within an epicyclic
gear train to ensure assemblability and Sediontlines a method for calculating the number of degrees

of freedom in a gear train. Sectiérof this Item contains a tabular presentation of the efficiencies and
achievable gear ratios of nine of the thirty four practical cases of a single-carrier gear which is here taken
to mean a gear train containing two co-axiedg, one planet carrier and one or more planet gears. The
remaining twenty five cases which are not ing@huse are presented in AppendixThe use of bevel

gears in epicyclic gearing is not covered by this Item and the data presented applies to full-depth involute
tooth form having 20 ° pressure angle.

Epicyclic gear trains are used where space and/or weight saving is important. Power shifting is readily
accommodated, and ratio changes are usually accomplished by the application and release of friction
elements. The axial shifting of gears is not required thus avoiding gear clash and synchronizer problems.
The use of multiple planets within an epicyclieag train albws the use of a smaller driving gear and
provided good load distribution is guaranteed this typeealr drain is quieter than other types. The
requirements for load distribution, load sharing and dynamic balancing in multiple planet trainsened cov

by this Item, must be satisfied before completing a design.

In general, epicyclic gear trains have more than one planet gear meshed with the same sun gear and annult
gear. Sketcl2.1(i) shows diagramatically a typical example where three coplanar planets are each meshed
with the same sun and annulus gear. Sk&dfii) shows the side view of the same gear after the
kinematically redundant gears have been removed and Skéfiil) gives the schematic representation

that is adopted throughout the rest of this Item. It should be noted that the kinematically redundant planets
are povided for load carrying purposes and force and mass balancing.

For the arrangements given in Tablg4 to 6.9, contained in Sectio®, the range of ratios shown
approximately correspond to those determined by arbitrarily choosing co-planar planet numbers in the range
of 3to 7.

-

—
(i) (ii) (i)
Sketch 2.1
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3. METHODS OF ANALYSIS

This section outlines two methods for the kinematic analysis of epicyclic gear trains and also defines the
fixed-carrier ratio. The first method is tabular whereas the second is suitable for analysis by computer.

3.1 Fixed-carrier Ratio

The fixed-carrier ratiolJ, , is calculated by analysing the inversion of the mechanism which produces a
simple gear train having a single degree of freedom, that is to say with the planet carrier assumed to be a
rest and the two co-axial gears free to rotate. The fixed-carrier ratio is then equal to the ratio of the speeds
of the two co-axial gears and can be expressed in terms of gear teeth numbers.

For example, consider thear trainshown in Sketcl3.1 If the planet carrier is considered to be fixed, the
fixed carrier ratio is then equal to the ratio of the speeds of the two co-axial gears (lab8letiAsin
Sketch3.1) when they are bothde to rotate. It should be noted that the speed of the co-axial gear which
is fixed when the planet carrier is free to rotate always forms the denominator of the equation for the
fixed-carrier-ratio. The fixed-carrier-ratio of the gear train shown in SK&tcis as follows.

_ Speedofs _ Ws _ Zp
Yol Speed ofA Wp Zg

Note: The relative rotation of the gears must be strictly adhered to, and for the case outlined above the
value of |, would be negative. If an idler gear were to be placed between the sun and planet gear the
resulting value of i would then be positive

Central axis

ESDU Copyright material. For current status contact ESDU.

Sketch 3.1

3.2 Tabular Method

Sketch3.1 shows a singlearrier gear train with two degrees of freedom (see Se8&jiomhe method
adopted for the analysis of this particular gear train is a general one and may be used for the analysis of
any two-degrees-of-freedom epicyclic gear train. The method is as follows.

® Calculate the fixed-carrier-ratidJ , , of the gear train as outlined in Segtlofihe result of this
is shown in Table.1
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(ii)

(i)

TABLE 3.1
Member
Action
S A C P
. . Zg Zg
Input 1 to Swith C fixed 1 —= 0 —=
Divide by B z_A 1 0 iA
— Z—S ZS Zp
Zn (=Uo)

Assign an input value equal 1d,  to any member other than the fixed planet carrier, usually a sun
gear (labelledin Sketch 3.1 The resulting motions of the other gears are calculated and tabulated
setting zeros for the non-rotating members and observing the algebraic signs for the direction of
rotation of the rotating members. Talll shows the result of this analysis on the planetary gear
train shown in SketcB.1with the velocity of the planet gear given in terms of gear teeth nurdbers,

TABLE 3.2
Member
Action
S A C P
InputUy to S U 1 0 Zs Yo
t t —
nputU, to o Z;

The terms contained in Tab&2 are maipulated to create the condition requiring analysis. The
terms are manipulated by the addition or subtraction of any number or by the multiplication or
division by any number. Each term must be manipulated in the same manifehe value of 1

is added to the first term it must in turn be added to all of the other terms.

For example it may be required to find the ratio between the sun gear and the planet carrier of the
gear train shown in Sketch 3wihen the annulus gear is fixed. lfig\to be fixed, the term for its
rotational velocity in Tabl8.2 must be manipulated to become zero. Hence, 1 is subtracted from
all of the terms and the result of this action is shown in Tallle
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TABLE 3.3
Member
Action
S A C P
ZSD‘JO
InputU, to S U, 1 0 - Z;
. ZSD‘JO
— 1 (fixesA) Uy,-1 0 -1 - -1
Zp

The ratio,u, between the sun gear and the planet carrier, for the case when the annulus is fixed, is equal to
the ratio of their respective terms in Table.3.3

u = 1 = 1—UO.

3.3 Pitch Line Velocity Method

ESDU Copyright material. For current status contact ESDU.
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Sketch 3.2

Sketch3.2 shows a coupled epicyclic gear train (see Sedjamhich has three degrees of freedom. As an
alternative to the tabular method the procedure for the kinematic analysis of this gear train using the method
of pitch line velocities is as follows (a flow chart of this process is contained in App@hdix
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0] Express the linear velocities of the planet centbegnde, in terms of the unknown angular
veIocities,mCl , anal;oC2 , of the planet carri@bkandC2 as illustrated in Sketch 3.Zhe velocity
at b equals the angular velocity of the gear multiplied by the pitch-circle radius, where the
pitch-circle radius= Z Om,/2 andm, is the normal module pitch (mm).

It can be shown that the linear velocities of the planet centres are as follows,

Vb

(Zgy + (Zpq — Z51)12) Dwgq Omy /2 3.1)

Ve

OooOood

(ZSz + (ZA2 — Zsz)/z) Doocz Dmn2/2

(i) Express the linear velocities at the pitch points (labelleg, hsd andf in Sketch3.2) in terms of
the unknown velocities of the corresponding sun geaxs ( aand ), and the annulus gears
(wpg andwpy, ).

(iv) Substitute the equations obtained from procedures (i) and (ii) into the equations from procedure
(iii) to obtain equations relating the angular velocities of the sun gears, the annulus gears and the
planet carriers.

>

[a)

(%]

wl

S 0

©

£ Vg = Zpq Uoopq OmMoi/2 5

9 0

o V, = Zg; Owe, Om_./2

3 h s1 —Ws1 “Mpg B 3.2)
§ Vg = Zpp Bwp, Omp /2 %

g Vi = Zg, Owg, Om, /2 B

=

5 (i) Relate the linear velocities of the planet centres to those of the pitch points.
L

= 0

= v, 2V, +v, = 0

z g P 0 (3.3)
= vd—ZDVe+vf:OB

.90

>

Q.

(@]

O

o)

&)

(%]

wl

Zpg Owpq =2 T(Zgy + (Zpg = Zg1)/2) Bwgq + Zgy Dwgy = 64

ZA2 D‘*’Az -2 D(ZSz + (ZA2 — Zsz)/z) Doocz + Zsz Doosz =

o o
OOoodno

where Wgy, = Wcyp -

Equationg(3.4) are valid for all ratios of the planetary gear traliown in Sketcl8.2 The gear ratiogy,
can be found by setting the angular velocities of the fixed members to zero.
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4. EFFICIENCY OF GEAR TRAINS

This section presents a method for calculatingeffieiency of $ngle carrier gear trains (see Sect@)nlt

must be noted that the method adopted gives an approximate answer only, but is useful for giving
comparativeefficiencies forinitial selection or when more pertinent data are not available. The efficiency

of an epicyclic train can vary greatly according to the configuration and the members used for input and
output. :

The principle losses in the operation of a gear train are those due to sliding friction between the mating
tooth surfaces, to oil churning within the train and to friction in the shaft support bearings. When conS|der|ng
the efficiencies given by this Item, the fmNing assumptions have been made:

® Losses due to gear meshes between external/internal gears are in general thsseéhagtween
external/external gears,

(i) The pitch-line velocity of a gear has no influence on the overall efficiency of a gear train.
(i) The efficiency loss due to meshing is independent of the gear tooth form.

(iv) Qil churning and bearing losses are not included.

4.1 Direction of Power Flow
To calculate the efficiency of an epicyclic gear train, the direction in which the power flows through the
planet system must be determined. This is obtained by calculating the fixed-carridd gatibthe gear
train being considered (see Sectt). The direction of the power flow is then determined from T4kle
The notation adopted within Tabdel is as follows:
| = the moving co-axial gear

J = the fixed co-axial gear

= the moving planet carrier

ESDU Copyright material. For current status contact ESDU.

TABLE 4.1
Member Direction of Power Flow
Input Output I - J J o |
I K U,<0 0<U,<1
Uy,>1
K | 0<U,<1 U,<0
U,>1
Note:U, = 1 represents a case where there is no drive.
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4.2

Efficiency Loss Due to Tooth Mesh
Sketchegt.1laand4.1bgive the values of the transmission losges, |, for external gears paired together and
for internal gears paired with external gears.

The transmission losses are presented as a function of the speed ratio between the two gears bein
considered. The abscissae represent the ratios between the numbers of teeth on pairs of gears where tl
numerator of the ratio is always the number of teeth on the smaller gear.

To calculate the transmission loss due to tooth mesh in a gear train, the efficiency losses at each of the
individual meshing points within the gear train must be determined from Sketdreemd4.1h Having
obtained these values, the meshéfficiency, n , for each mesh can be determined fExuation(4.1).

n, = (1-4,)

(4.1)

OOoodo

N, = (1-4,)

where 1 anah represent the first amd” mesh respectively.

The total efficiency of the gear train, , which is #féiciency of the gear train whedi@wing only for
losses due to meshing, is determined from Equdtidt).

ESDU Copyright material. For current status contact ESDU.

Ny = Ny Onp O Nn 4.2)
0 (Transmission loss)
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\ ~__ 0:006
80
T~
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9OO 0-l o2 03 04 05 06 07 08 09 -0
Ratio of (smaller/larger gear)
Sketch 4.1a EXTERNAL/EXTERNAL MESH
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A

(Transmission loss)
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Ratio of (smaller/larger gear)
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teeth on

smaller gear
60

™

70

N

(@]

Sketch 4.1b EXTERNAL/INTERNAL MESH

4.3 Gear Train Efficiency
The epicyclic gear train efficiency is expressed by Equddas).
For a given input torque,

E = Output torque with efficiency losses (4.3)
Output torque without efficiency losses ’

ESDU Copyright material. For current status contact ESDU.

The appropriate formulae for the output torques are given in #ablehe formulae are presented according

to which members are used to provide ithfgut and the output motions, and the direction in which the
power flows within the gear trains. The output torque is considered to be in the opposite sense to that of
the input torque.

The notation adopted within Tabde2 is as follows.
| = the moving co-axial gear
J = the fixed co-axial gear

K = the moving planet carrier,
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TABLE 4.2
Member Power-flow with Power-flow without
Efficiency Losses Efficiency Losses
Input Output I - J J - | I - J J- 1
_ _ My O _
I K T = T, XU, On,-1) T = T, 00— -10 T = T,(U,-1)
0Nt 0
Tk Ty tny Ty
K I | —_— T, T, =
Uy On, =1 Uy - Ny (Uy-1)

4.4 Efficiencies and Internally Transmitted Power

When calculating theefficiencies of certain epicyclic gears the user nwdgain values which are
substantially higher or lower than expected.

High Efficiencies

Analysis of a high reduction gear train may yield a high value for the total gear train efficiency, perhaps as
much as 98 per cent. However, it is unlikely that this train willraetgcal or possible when the load carrying

and the space requirements are considered. For improved load carrying capabilities an epicyalic gear
require multiple planets. The number of planet gears required will gedftbt the achievable ratio of an
epicyclic gear train (see Sectirl).

Low Efficiencies

In certain epicyclic gears the internally circulating power across the meshing gears can be considerably
higher than the input power, perhaps as much as 50 times greater (see R&jardde such cases most

of the input power will be lost even if the meshing geses 99 per cent efficient. Because histthe
efficiencies of the meshing gears become critical. Low efficiencies imply heat generation and the possibility
of the mechanism locking.

ESDU Copyright material. For current status contact ESDU.

4.5 Reversibility

The reversibility of an epicyclic gear train is an important design consideration. If a gear train has a high
efficiency when the output member becomes the input member, it may beereddial be reveitde. A

low efficiency in this direion would imply a tendency for the gear to be irreversible. In practice, whenever
the input torque is removed from the input member, the output member then provides the input drive. If
the gear train is very inefficient in its reverse direction, locking may occur. However, this condition may
be required, as in the case of an indexing mechanism.
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5. ASSEMBLABILITY OF MULTIPLE PLANETS

In general, when daming epicyclic gear trains the number of co-planar planets placed in each single planet
carrier gear train may range frdmo up to as many as seven. The use of multiple planets in epicyclic gears
reduces individual tooth contact forces and can balance out shaft beacies), tautshows diminishing

returns when using more than three co-planar planets. To design the planet carrier itis necessary to determin
the number of planets and their spacing. If the correct spacing for the number of planets used is not observe
the gear train will not assemble.

5.1 Number of Planets

In general, at least three co-planar planets are required for a practical epicyclic gear. The number of co-planal
planets used in an epicyclic inversion places a restriction on the achievable gear ratio. E(uajigive

the maximum ratios between the number of teeth on the planet, sun and annulus gears, according to th
number of co-planar planet®, required.

O
M 2 U
Z. 1-M Z. O
S S g (5.1)
Zp_ M2
Zy  1+M Z, O
O
where M = sin%l—SOB andQ > 2
0O

If the addendum maodification is larger than normal, further account of interference is required.

ESDU Copyright material. For current status contact ESDU.
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5.2 Assemblability

The required number of co-planar planets may not always assemble into a given gear train. The required
formulae for assemblability are presented in Téble

TABLE 5.1

Equation of Assemblability

Type Schematic [Q = No. of Planetg Planet Spacing
% = No. of Teeth

as
Simple Planetary i{

Gear

__ ZA+ZS

Q

Incremental angle
P =7 3-?02
ST A
. Planets must be spaced at
Simple Planetary integer multiples of the Unequal
Gear incremental angle

Note:- With irregularly spaced planets, as shown in the schematic,
force and mass balancing can be achieveciktls symmetry ajut
two mutually perpendicular diameters.

= An integer Equal

ESDU Copyright material. For current status contact ESDU.

)
Simple Planetary Pefo A
. = Z,-Z
Gear with | A S _ .
) s L ———— = An integer Equal
Intermediate c Q
Planet Gear
)
Z,, Z
Compound s :____A_ Zo+ 2 2 integer Equal
Planets c S Zp,
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6. SINGLE-CARRIER GEAR TRAINS (TWO DEGREES OF FREEDOM)

A single-carrier gear trainansists of two co-axial gears, one or more planet gears and one plaiet c
as illustrated in Sketch.1. This Section contains the nine configurations which are generally practical and
allow the use of multiple co-planar planets (see Se&jon

ESDU Copyright material. For current status contact ESDU.

(i)

(ii)

(iii)

(iv)

v)

Copyright Engineering Sciences Data Unit

Annulus (co—axial with sun)

Planet
Sun ] éPlanet carrier
Sketch 6.1

All elementary gear trains, such as the one shown in SBetchave two degrees of freedom (see Se@ion .

for a method of calculating the number of degrees of freedom). To achieve a constant gear ratio the hUmbel
of degrees of freedom of the trairust be reduced to one by fixing the annulus gear, the planet carrier or
the sun gear. :

6.1 Information Given in the Tables

This section of the Item contains 9 tables, each one depicting a unique simple planetary gear train. The
information contained in the tables is explained below and is illustrated with the aid of GlRxiehrleaf.

The areas of the table labelled in Skeichare as follows.

Schematic representations of the simple planetary gear train being considered are given in this
section of the table.

This section of the table identifies which members are being used as the input, the output and the
reaction (fixed).

The gear ratioy, of the case being considered (as defined iri@e¢ii) of the table) is given in
this section of the table. A positive value indicates that the output gear rotates in the same direction
as the input gear and a negative value indicates that it rotates in the opposite direction.

This section of the table details the amount of rotation of the planet bearings, about their own axis,
for one revolution of the output gear. A positive value indicates that the planet bearing rotates in
the same direction as the output gear and a negative value indicates that it rotates in the opposite
direction.

The sketches in this section of the table show the efficiencies (the graph ordinates) plotted as a
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function of the gear ratios (the graph abscissae defined as the input member over the output membel
in Section (i) of the table), for two differing values of the overall losses due to meghing, . These
two n, values are the likely maxima and minima for the gear arrangement in question, and a linear
interpolation can be used to find tbfficiency for a givem, value. The comparative efficiencies
given do not include any losses due to the use of multiple planets or oil churning, hence, they are
likely to be slightly higher than the practical values that can be achieved. However, these values
do provide a good approximation for a given epicyclic gear train (see Examples).

The number of co-planar planets used in an epicyclic inversion places a restriction on the achievable
gear ratio. Where applicable, these restrictions have been shown as dotted lineffaricthey

graphs. These lines represent the maximum number of planets possible for the ratio specified,
corresponding to the arrangement with the smallest overall diameter and based upon the
requirement that each external gear has a minimum number of 10 teeth. It is possible however, for
all of the tables contained in this section, other than Taljdo assemble any number of planets

for a given gear ratio by increasing the size of the overall arrangement.

(vi) The sketches in this section of the table show the relationships between the achievable gear ratios
of the single carrier gear train being considered. The range of achievable gear ratios can be extendec
from those given in the tables; however, it must be noted that the efficiency of the gear train will
differ accoding to which gear is used to provide the input. The efficiencies must be checked to
ensure that the train is a practical proposition.

MEMBER PLANET BEARING SPEED —‘
RATIO u COMPARATIVE EFFICIENCIES ACHIEVABLE RATIOS
INPUT | FIXED OUTPUT Py p2 P3 P4
SCHEMATIC
100
£ T
p:E___\ A c 1-U, N 95
$ IC___ A .0: -0
so?QGSIO 2 14 16 = -8
s . . 768 4 ” 3 e .
() (i) (iii) (iv) L I () SO I (vi) -,
[ loi0%8 b SR o
P ¢ | A U, NN osf il i oss ! | @ Fiiod)‘: -4
Zs 1 | I -2
NOTES 2k ]
By far the most o i °
commonly used in 1 wa 5 20
industry. In general - g (8 Fixed)
it is assembled with s ¢ - U'_ N+ N
multiple planets on the ° o o
planet carrier (see
Sectjon 5), The range
of U, may be extended A
with careful design.
) 100 40
¢ | G, o
° 09 =01
920 S i
-0-08 —0'15 —-025 —0-35 —0:45
76 5 4 3 we 0-8 - 702 wg|
o~ 1001 0.9y |ttt wa o | 4w
_ l’N t ()~95l 1 | | : (s Fin.d)i —(A,;i“d)
ek SRS o~ T
¢ L ! } \’ {\ [ o6- HJo-a
900'5 o7 o8 o‘s_L‘ - 4
n Ioo, }———é———i—Jl—:O'“ :—: (C Fixed)
e oo
Sketch 6.2 Example of table (showing Tabl@.1)
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TABLE 6.1
r MEMBER RAT PLANET BEARING SPEED
T Ixed louTPuT 10 u Pl P2 l 3 l ba COMPARATIVE EFFICIENCIES ACHIEVABLE RATIOS
SCHEMATIC 3
| P T
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T i |
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= >
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| L ) L Ll o 7
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4 3 8 4
r | I K | w F 4-6
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Y=~ 7 ° i f i ar ]
NOTES ! ! L -2
1 L I L L ) 2k i
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. Jo
Byfarthemosl ‘0‘98 5 6 7 o T TS S W R S S
commonly used in tﬁ;:é:':" wy'? 2:0
industry. In general | " ! 0:5 : : I e (8 Fired)
it is assembled with S T NN t i | "
o
multiple planets on the v e : { :
planet carrier (see I S B )
Section 5). The range hes 13s i
of U, may be extended s € 7
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C L NN o ! I ] h
Uy v | 7 !
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| w w,
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s ° N [ | |
U =1 c|o [ f | A
° |7 [ |
< [ [ ! 06 404
° IS VR TR )
08 09 8
. i i 1 Jo.
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TABLE 6.3
MEMBER RATI PLANET BEARING SPEED
oo Temes Tooreon Ou o] re s | a COMPARATIVE EFFICIENCES ACHIEVABLE RATIOS
SCHEMATIC 75 4 3
10|l | i
e ———— 4098
. 4
. A |
- —Jr2 A c 1-U, I—Z—A 95 :‘;\F—,ovss
= |c_L P2 | 7, r =10
s N | 10} 1
4 I
90 a0 s0 a0 i 1-8
s s} ;
we 6 1 Yo
2.2 z (A Fixed)| 1=
Ugs— =8 c A U, = Ml ]
ZS Z’,2 P2 L 4-2
NOTES 2} p
L Jo
In general use within ol v v
industry. The use of "o L :;sFilcd) e
. we
multiple planets on the 7
carrier is possible (see S C (- - |+ ==
Section 5). The value Yo Zp,
of the fixed carrier ratio
(U,)=—1 isalmost A
achievable. 3 4 5 6 7
wod | 1 |
I w
z H I <
c s - s osll ! l [, 0898 g
Ug ZPI ol | | | T, (A Fixed)
U vor -0
90 Jl 1 lA ll Il " 4 J L i
04 -06 -08
0-9 -0
“cos Ho-2
s | A Yo (2472970, @
Up =1 I-U, (S Fixed)[ .
o7 403
C o6 Ho-4
A s I 1= (2, /Zp,) %% o3 SO0® -07 -0 05
- U, 1 -Ug '&é (C Fized)
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TABLE 6.4
MEMBER PLANET BEARING SPEED
RATIO u COMPARATIVE EFFICIENCES ACHIEVABLE RATIOS
INPUT | FIXED [OUTPUT] PI P2 L P3 P4
SCHEMATIC
N o -
® | |
| P3 ¢ + e r -0
P'I—__i - ® oC 101
S co 0 L _e
8+
s I e s
we
| u s (A Fixed)
N o -4
. Za-Zp2 cC | A U, N e ol
= v
° Zg.Zpy 2| L R i ,
NOTES 2L
= )
1 1 i 1 1 T N |
The same gear as in 0 W 08 10
Table 3, with the oy (8 Fized)
addition of an idler gear + 7
(P1). Multiple planets S ¢ = UI_ NN NN
can be assembled ° - ¢
(see Section 5).
A 34567
0or || || i
[N 0-98
! BRI we we
A NN NI N Ll 0-95 7y wg
¢ S U, 2 e s 1 9% B (5 Fixed) (A Fized)
R ne -0
90 Lad bl b0 v 0y L
) o2 04 06 08
9+ -8
| §457 a
N oc N °c 100 n t r
20 AN ke 90} l: 098 .1 e
~IN ~ .
S A Uo =y P - "'I ao-l j 095 |
U -1 1+ 1~ i
oC vN °C 3 701 I 51 —q
gl ~l= N TS R SR SR -
89, 3 4 5
C 3+ -2
| 3457
NN NN IOO-LUI\ 77‘ ['
b N 0-98
I =lE e 0 Tlli o1 o3 LOS o7 o9 °
A S 1-U, o< + <l 801|;| 0-9% W—A (C Fixed)
i o TN 70 illl s
~|= ~|n I
oLl L L L L1 J
o -1 -2 -3 -4
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