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INTRODUCTION

The literature of the epicyclic gear as regards its character may be classi-
fied in several groups.

We find parts refering to the theory of epicyclic gears in works of relati-
vely numerous authors, the majority of them, however, sticks to the repetition
of one and the same elementary connection (L, 5, 6,,7, 8, 9, 10, 11, 12, 13,
‘14, 15, 16, 17, 21, 22, 23, 24, 27, 34, 42, 58, 62, 84, 85, 86, 87, 88, etc.)
This question is summarized the best by Terpldn (83) who traces his research
work back to the elementary epicyclic gear.

Another group of the literature of epicyclic gears deals with the problems
of designing, strength dimensioning, manufacture of the simple epicyclic gear
(19, 25, 28, 32, 40, 54, 55, 59, 60, 64, etc.).

The literature of the change-speed gear with epicyclic gear as opposed to
that of the epicyclic gear itself, is exceedingly one-sided. We can find theore-
tical examinations only in connection with the individual change-speed stages
(29, 30, 34, 35, 38, 43) respectively with the hydromechanical stages (37, 39,
41, 44, 45, 56, 67, 95). The multistage change-speed gear as a complex struc-
ture remained outside of the circle of interest of the researchers; some mate-
rial related to the synthesis of the change-speed gear with epicyclic gear can
be found only at Krjukov (35). While there is no theory and mainly no ana-
lysis of the change-speed gear, for the realized change-speed gear we find a
rather wide literature with a descriptive character in the first place. Here we
refer only fo some of the great number of publications describing the different
products (47, 48, 49, 50, 51, 52, 53). It has to be mentioned separately that
a great number of patents refer to change-speed gears with epicyclic gears; of
these also only a few will be called up (68-81, 89-93).

In course of studying the literature it was stated by us that there is the
greatest lack of literature regarding the theoretical relations of the change-
-speed gear with epicyclic gear. We did not find such unified system or method
which could render possibility for the comprehensive analitical examination of
the epicyclic structures having possibilities of innumerable variations and com-
binations. Notwithstanding the fact, that the laws of the epicyclic gear structu-
res have already been examined manysidedly, we have no such coherent theory
which would unite in a comprehensive system the epicyclic gears and the epicyc-
lic gear structures, resp. would show organic connections between the laws of
the individual concrete forms of realization, moreover, would give possibility
to find the forms of realization of the system unikmown up till now.
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We ventured to make up this lack in this paper. Characteristic of our
method was the fact that all the results of the reasearches made up till now

were dealt with according to a uniform viewpoint and we endeavoured to fill up
the leakages. :

As our examinations referred strictly to the theory of the epicyclic gear
and the change-speed gear with epicyclic gear, everywhere the ideal, loss-free
epicyclic gear was taken for base, therefore the examination of the epicyclic
gear efficiency, as a matter of course, was left out of the analysis.



I. THE ELEMENTARY, THE SIMPLE AND THE COMPLEX EPICYCLIC GEARS

1. THE ELEMENTARY EPICYCLIC GEAR

Basic characteristic of the epicyclic gear or the epicyclic driving gear is
that it contains at least one such geared-, frictional-, etc. wheel which is not
only turning around its own shaft resp. is able to do so but revolves at the
same time around an other shaft or is able fo do so i.e. has such a cricula-
ting wheel the points of which travel along an epicycle. The epicyclic wheel is
made to perform this epicyclic motion by rolling it down on the periphery of
another wheel (Fig.1.).

Accordingly, the socalled elemen-
tary epicyclic gear consists of two |
wheels: of a socalled central wheel " 4

(1) and an epicyclic wheel (4). A se-

parate structure, the socalled crank
arm (3) serves for fitting the epicyc-
lic wheel with bearings resp. for its
guiding. The parts of the epicyclic

gear are so the central wheel, the
epicyclic wheel and the crank arm.

4T
Lls
1
1

Fig.1.

2. THE -SIMPLE EPICYCLIC GEAR

21. Classification of the simple epicyclic gear

Since direct transmission of the epicyclic wheel’s motion meets with diffi-
culties, the elementary epicyclic gear is not much used in practice. Practical
application of the epicyclic gear will be essentially simplified by transmitting
the epicyclic wheel’s motion by an other central wheel. We get in this way to
the socalled simple epicyclic gear consisting already of four parts: of two cent-
ral wheels, a crank arm and an epicyclic wheel (Fig.2.). I.e. by the simple
epicyclic gear the task of the epicyclic wheel mounted on the crank arm may
be determined also in this way: ensu-
ring connection between the two cent- .
ral wheels, that is, the direct utili-
zation of the rotating motion of the
epicyclic wheel will be discarded with.

This means that the shaft of the epi-

cyclic wheel embedded in bearing in "'I 3
the crank arm will not be led out. It

is characteristic, therefore, of the
simple epicyclic gear that is has three
such parts the rotational motion of

Fig. 2.
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which may be utilized directly; all three parts fulfill the condition of the uni-
axiality and these three parts are the two central” wheels and the crank arm.
The epicyclic wheel itself does not so pertain to the main parts of the simple
epicyclic gear, therefore applying more such wheels does not have a decisive
significance. To increase the number of epi-
cyclic wheels we have two methods at our
disposal. When the number of the epicyclic
wheels is increased so that each of them re-
mains also separately in direct connection
with both central wheels (parallel epicyclic
wheels, Fig.3.), then this increases only the
quantity of the transmissible forces, that is,
from our point of view has no significance at
all. (Otherwise, generally it is customary to
apply three epicyclic wheels thig having ad-
vantages also from viewpoint of fitting.)
If, on the other hand, the number of the
epicyclic wheels is increased so that an epi-
Fig. 3. cyclic wheel should be in direct connection
with one central wheel only, while with the
other central wheel comes into contact only by way of a socalled auxiliary wheel,
then this will have effect also on the kinematics and dinamics of the simple epi-
cyclic gear (series epicyclic wheels Fig.4.)

Naturally, whatever the num-
ber and kind of the epicyclic
wheels applied should be, they
have to be mounted on the
same crank arm.

We can get further varia-
tions of the simple epicyclic
gear dependently on the cir-
cumstance, wether the epi-
cyclic wheels contact the cent-
ral wheels from the outside
or inside (wether in case of
applying toothed wheels the
gearing is from outside or
ingide), further, wether hoth
contacts of the epicyclic wheels occur with the same or different diameter.

In Fig.2. e.g. the epicyclic wheel contacts the central wheel No.l. with
outside connection, the central wheel No.2. with inside comnection. The central
wheel is called sun wheel in case of outside connection and annular wheel if the
connection is an inside one.

In Fig.2. the 4 epicyclic wheels join with the same diameter the central
wheels No 1 and 2, while in Fig.5. the diameters are different. The epicyclic
gear having two kinds of diameter is the double epicyclic gear.
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The simple and double epicyclic wheels, the outside- 2
-ingide connections can be varied differently, taking also
in consideration the possibility of applying an auxiliary 41"_. 2|
epicyclic gear.

All possible variations can be found in Fig.6. On the
left side of the Fig. are the simple epicyclic gear types
in which the epicyclic wheels (either simple or double)
contact both central wheels. In the epicyclic gears on the Fig.5.
right side the epicyclic wheels are to be found by pairs
and they contact partly one another, partly one of the central wheels. It is prac-
tically superficial to take a further auxiliary epicyclic wheel into consideration.
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It must be noted that bevel epicyclic gears are frequently used, these, how-
ever, do not represent a newer type, since every bevel epicyclic gear corres-
ponds to a spur wheel epicyclic gear (Fig.7.), there is a difference only in the
realizable characteristics. So bevel epicyclic gears will not be separately men-
tioned any more in the following.

Al - 1~ ™

Fig.7.

The epicyclic gear types shown in Fig.6 can be summarized in two basic
types (Fig.8 and 9). Any special type can be derived from these two basic ty-
pes. So e.g. starting from Fig.8 we get variation I.b. of Fig.6 taking of the
two central wheels the one as sun wheel, and as annular wheel the other.When,

moreover, we assume that D4) = Dyo the type I.a. will be arrived at. In the
same
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Fig. 8. Fig.9

way from Fig.9. can be cbiained e.g. the type IV.d. by selecting a sun wheel
and an annular wheel if Dgy = D4y, resp. the type IV.a. if also Dygg = Dgpy
will be assumed.

22, Kinematical examination fo the simple epicyclic gear

The are known several methods for examining the simple epicyclic gear
kinematically, though all of these methods lead to the same result. Of these
methods we will select an analytical and a graphical one.

According to the analytical method of Willis (94) the simple epicyclic gear
can be characterized by the kinematical basic transmission which is the quoti-
ent of the relative angular speeds of the two central wheels referred to the
crank arm. Let us choose the symbol b for the kinematical basic transmission,
then it can be Cvritten that ,

s SO )
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At proceeding to angular speeds, since

Wy = Wy -3z (2)
W} = wy-w; @)
we get
p= W2-Ws (4)
We—-wy

By transposing equation (4) the kinematical basic equation of the simple epicyc-
lic gear will be obtained:

bw;-wy —_{b —Nw; =0 (5)

The basic transmission depends on the type and geometrical dimensions of
the epicyclic gear. Its value can be determined in the simplest way in case of
the crank arm being at standstill, since then the relative angular speed of the
central wheels is identical with the absolute angular speed, i.e. in this case
the epicyclic gear may be taken as a simple gear drive the transmission of
which can be calculated from the wheeldiameters:

b2 _ @2 _, _ D10y (6)
Wy wi Dz Dy

or in case of an auxiliary epicyclic wheel:

D1 D4z D4z

b=—
D2 Dyy Dy

(M)

The diameters have to be subsituted with a sign, in case of outside connect-
ion (gearing) with a positive, by inner connection (gearing) with a negative one.
Accordingly, the kinematical basic transmission can also have a positive or ne-
gative sign. In Fig.6 the epicyclic gears were grouped so that in the upper part
the types with negative, in the lower part the ones with positive basic transmis-
sion can be found.

The magnitude of the basic transmission can not be limitlessly great or
small, neither from theoretical, nor from practical point of view. Selection of
the basic transmission is limited among others also by that, that exceedingly
great difference can not be between the diameters of two wheels engaged to
each-other, if only for the danger of undercut. In cage of parallel epicyclic
gears the vicinity condition must be within view, lest the teeth for two epicyc-
lic wheels should come in connection with each-other, Let us e.g. examine
the practically realizable basic transmissions in case of three parallel epicyc-
lic wheelg, assuming for the diametrical conditions of the wheels connecting
each-other directly or indirectly the moderate values seen in Figs 10 and 11.
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Fig.11.

From the two Figs can be seen that the diameter-ratio of the wheels with the largest
and smallest outside gearing (be it a central or an epicyclic wheel) can be max. 3:1
and the same for the wheels with the smallest ang largest inside gearing min. 1:7.
With this limits the boundaries of all the type-transmissions were calcula-
ted and shown in Fig.6.
The basic transmission-boundaries safely realizable are shown also graph-
ically in Fig.12 for the sake of clearness. As a matter of course, basic trans-
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W.C. 7, 5%%
Mb. 44%%¢% Z
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b NN N RN SN
lLa. N
lec. NN
-0/ -g1 - -0
Fig.12.

missions deviating from these are also realizable, in this case, however, the
epicyclic gear has to be controlled with special care from structural viewpoint.

The graphical method of Kutzbach (94) is based on the thesis of kinetics, ac-
cording to which the momentary speed of its any point can be determined if the mo-
mentary speed of two points of a rigid body rotating round an unknown central point
in the plane, is known. Kutzbach built his method on the epicyclic gear without an
auxiliary epicyclic wheel, where the epicyclic wheel may be taken as such a
rigid body, since it has a common point with all three members of the epicyc-
lic gear: its central point is fixed to the crank arm, while it contacts the two
central wheels sglidelessly in a point each on its periphery. The momentary
speed of the epicyclic wheel in the three points equals the peripheral speed in
that place of just the three members.
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Of the three peripheral speeds twe
pertains fo the two degrees of freedom,
while the third is given from the former
two. Determination is performed graphi-
cally (Fig.13.). Speed is illustrated by
vectors. It goes without saying that
every peripheral speed vector is per-
pendicular to the straight line connect-
ing the central points of the epicyclic
gear and epicyclic wheel. So the con-
necting straight line cuts out the un-
known third speed vector on the one
hand, while on the other, the momen-
tary central point of rotation of the
epicyclic wheel.

The angular speed of the epicyc-
lic gear’'s individual members, resp.
the straight pieces proportional to this
are cut out by the radii laid across
the endpoint of the vectors from the
centra] point of the epicyclic gear on
a straight line drawn parallel to the Fig.13.
vectors on a place selected delibera-
tely.

As the Kutzbach speedfigure as already mentioned can not be drawn in case
of series connected epicyclic wheels, we have developed a method of design-
ing applicable to an epicyclic gear with auxiliary epicyclic wheel.

Let us take as a base for our researches type IV. b (Fig.14). According
to the two degrees of freedom we have taken the vectors Vg and Vg. Of the
two epicyclic wheels let the wheel 42 - 421 be the main epicyclic wheel, so let
us refer V3 to the central point of this. (Wheel 41 - 412 will be, therefore, the
auxiliary epicyclic wheel.)

The straight line comnecting the endpoints of the two vectors cuts out the
momentary point of rotation Oy of epicyclic wheel 42 - 421, does not present,
however, the peripheral speed of the third member - that of the sun wheel in
the given case - for it has no common point with it.

Consequently, the endpoint of vector V; lies not on the straight line going
through the endpoints of vectors Vg and Vg.

This vector V1 is naturally also the peripheral speed of wheel 1 but not
on the real diameter but on some distance Rj from the central point.

Corresponding to the linear relation:

Vo, — VW _ B-V ' (8)
R;*R\i ‘_R‘.‘Z Rq;_!
From this
Va—v,
1 =Ry +R 0 (9)
3 42 A
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Fig.14.

Peripheral speeds expressed by angular speeds:
V= Rlwy

Vv, = (Rj R4l Wy

Vs = Rz ws

These substituted, after reducing the equation we obtain

o = (Rs +Ryp) (w3 —wy)
s Ryws —(R3 +Rypltwz + Rypoy

(10)

(11}

(12)

(13)
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Corresponding to the two degrees of freedom let us assume e.g.:
w3y =0
Wy =7
We obtain that

Rt R4y Ryz

Wy, = 4
. R‘If Rl,c:f RJ +R¢2 {1 )
Substituting the angular speeds the result will be:
7 R
' _ Ry Rey (15)
R1 Ruyn

This result, however, does not satisfy us since we are in quest of a pure
graphical method.

In Fig.15 the central points and contacting points of the wheels are shown
again. Let us draw a straight line through the contacting points of auxiliary epi-
cyclic wheel 41 - 412. This straight line intersects in point Q the straight line
@2 . We should now draw a straight line parallel to straight line (ﬁz through
the contacting point of wheel 1. The straight line sections obtained in this way
will be marked a, b and c.

Fig.15.
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On base of the similarity of triangles can be writen:

a Ruyz— b
= 16)
Z~Rs R4z {
Expressing Z of this:
a R4z (17)
Z =R3 +——
5 Ryp-b

In the expression (17) only a and b are unknown. It may be written also
on base of the similarity of triangles:

g __ Ry : (18)
Rz Ry +Ry
Ry -
resp. Rag Ry +Ry (19
and b = Rat 20
R4tz + Razq Rt + R4t (29)
resp. bRy R412 + R4z (21)
Ry +Ry

Substituting the expressions got fof a and b into formula Z, we obtain
after reducing:

R3
1 Ra1 Rz (22)
R1 Rz :

7 =

Comparing formulae (15) and (22) it is evident that Z = R’.

I.e. radius R’ can be determined also graphically so that with the straight
line drawn through the contacting points of the auxiliary epicyclic gear we cut it
out of the straight line going through the central points of the main epicyclic
wheel and central wheel.

After these, the process of the graphical method will be the following:

Of the two epicyclic wheel in contact with each other one will be selected
as main epicyclic wheel and design work will be performed for this according
to Kutzbach, though with the modification that the diameter of the central wheel
not contacting the main epicyclic wheel will be taken as 2R’ (independently of
the real diameter) the place of which is cut out by the straight line going through
the contacting points of the auxiliary epicyclic wheel from the straight line
laid through the main epicyclic wheel’'s central point.

The simplicity of the process will be shown on an example.

Let us take an epicyclic gear of the type IV.d. at which Rg; = Ryj2, i.e. one
of the epicyclic wheels is not double. As a base for our design work, at first this
epicyclic wheel will be selected and so wheel 42 - 421 will be the auxiliary epicyclic
wheel (Fig.186).
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Fig. 16.

Central wheel 2 does not contact directly the epicyclic wheel under exa-
mination. The straight line drawn through the contacting points' of the auxiliary
epicyclic wheel cuts out radius R of central wheel 2.

Let us take e.g. angular speeds w, and ¢J,. The peripheral speed vectors
Vi and V, will be drawn. (Vector Vg can also be drawn on the real periphery
of wheel 2, this, however, has no specific significance). The straight line con-
necting the end-points of vectors V; and V5 cuts out the end-point of vector Vg
Projecting this onto the straight line of the angular speeds we obtain the length .
of straight line proportional to wg.

The same result must be arrived at when performing the designing at
this same epicyclic gear for epicyclic wheel 42 - 421 (Fig.17).

At the second cage may be observed that the diameter of the auxiliary
epicyclic wheel - not being a double wheel - has no influence whatever on the
epicyclic gear’s kinematics.

This can be read off also from formula R. The formula was written for
the case when epicyclic wheel 41 - 412 has been considered as an auxiliary
epicyeclic wheel, so if

the formula is:

R!

e [
77 (24)

Ry



18

Fig.17.

i.e. R’ does not depend on the dimensions of the auxiliary epicyclic wheel. But
if this dependence does not exist, then it can be also indefinitely great. This circum-
stance renders the designing still more simple, since plotting of the simple (not do-
uble!) auxiliary epicyclic wheel will be superfluous. Radius R’ can also be obtained
by the tangent drawn to the contacting central wheel and to the main epicyclic wheel.
This tangent, namely, corresponds to the interwedged indefinite radius-epicyclic
whell’ periphery (Fig.18).

/

Fig.18.
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Since, however, the simple epicyclic wheel can be taken in consideration
either as main or auxiliary epicyclic wheel deliberately, it is obvious, that the
above said can be generalized: in the case when in an epicyclic gear of the epi-
cyclic wheels contacting each other one is not a double wheel then its dimensi-
ons have no influance on the kinematics of the epicyclic gear. If none of the two
are double wheels, then the diameters of both epicyclic- wheels - from viewpoint
of the epicyclic gear’s outside kinematics - can be arbitrary. As the result of
this, only the dimengions of the two central wheels and of the double epicyclic
wheel have significance. The same may be read off from formulae (6) and (7).

23. Dynamical examination of the simple epicyclic gear

Since the simple epicyclic gear has three such members which can be led
out, the three torques having effect on it - uniform rotation supposed - are al-
ways in equilibrium:

M, +My +M; =0 (25)

Since, further, in case of wg = 0 the epicyclic gear becomes transformed
to a simple gearing mechanigm, for this case can be written:

My e 1 (26)

My Wy b
wherefrom

My, = — -;— My (27

From equation (25) follows that

The geometrical dimensions being constant, it follows that the relations
(27) and (28) are valid for all wg values. It is advised to write these two re-
lations in proportions:

‘MM g =L
MyiMpiM3 = 1: b(n r) -

It can be seen, that contrarily to the kinematical degree of freedom, as-
sumption of a sgingle torque already makes determined the other torques too.

From the expression (29) - after multiplication with the adequate angular
speeds - we obtain the proportions characteristic for the performance conditi-
ons:

e Pelbe w
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3. THE COMPLEX AND THE CONJUNCT EPICYCLIC GEARS

It occurs in practice that an epicyclic gear has three members (led out
shafts), these, however, do not conform to the conditions written on page 3
according to which the three members of the simple epicyclic gear are: two
central wheels and a crank-arm. In Fig.19 eg such an epicyclic gear can be
seen all the three led out shafts of which pertain to central wheels. These
are the complex epicyclic gears since they actually congist of two or more
simple epicyclic gearg. The type in Fig.19 e.g. consists of a simple epicyclic
gear type III a and of another of type I a.Frequently occurs that in both simp-
le epicyclic gears can be found members of the same dimensions and function
and just these will be connected. In such case these members can be united
which leads to the simplifications of the structure. In Fig.20 e.g. such a so-
called conjuct epicyclic gear is shown which as a matter of fact corresponds to
the complex epicyclic gear shown in Fig.19, in the specific case if Dgi DN

and D} = DN
Lrly T
| ]

Fig.19 Fig. 20

It is obvious that the complex and conjunct epicyclic gears can have innu-
merable variations, this following from the fact that the snnp]e epicyclic gears
may be combined in a great many manners.

Here only some examples of the conjunct epicyclic gears will be presen-
ted to which, later on, references will be made.

The conjunct epicyclic gear shown in Fig.21 consist of two simple epi-
cyclic gears of the type IIIa.

The variation presented in Fig.22 is an example of the level-wheel epi-
cyclic gear. Stricily speaking, here Figs 19 and 20 repeat themselves.

1
T

Fig.21
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oz~ Bl ¢

I

N
§
L

Fig. 22.

The complex epicyclic gear shown in'Fig.23 may be separated also to ty-
pes I a and IV a in a way similar to Fig.22, however, for the sake of present-
ing the variability, here the simple epicyclic gears I b and IV a were taken as
bases.

Fig.24 is developed from Fig.21 by using a further simple epicyclic gear.
_That is, here outside of the two III a types a type I a also was united.

H F!E

JL Lt

Fig. 23.

Tig. 24.
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Fig. 25.

Fig. 26.
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II. THE COMPLEX EPICYCLIC GEAR

1. GENERALIZATION OF THE SIMPLE AND COMPLEX EPICYCLIC GEARS

11. Purpose of the generalization

As could be seen in the foregoing chapter, the kinematical basis trans-
mission b determines seemingly unambigously not only the kinematical (5) but
also the dynamical (29), (30) conditions of an epicyclic gear. On taking in use
a certain epicyclic gear this is really so since then the function of the epicyc-
lic gear - members is already known. The epicyclic gear-members can in ge-
neral perform different tasks resp.fulfill different roles in the power- or mo-
tion transmission. With other words the distribution of the individual functions
between the three members can be optional. The role of an epicyclic gear-mem-
ber depends on the manner of its binding in.

It would considerably eimplify the analytical examinations if we could le-
ave out of attention the concrete naming of the epicyclic gear-members and, re-
gulating the manner of binding in, it could be based only on the function of the
epicyclic gear-members.

12. Generalization of the simple epicyclic gear

Conseguently to the above we propose the generalization of the Willis ki-
nematical basgic transmission, the introducing of the general kinematic basic
transmission, with the simultaneous determining of the connection between the
two basic transmissions.

For this purpose we take for base instead of the three members of the
epicyclic gear the three led out shafts with the understanding that the three
members and the three shafts can be connected in any variation selected optio-
nally. In fact, 6 variations are feasible to bind in the epicyclic gear-members.

For the epicyclic gear shafts the Willis formula can also be written:

g = Wi _ _Wi-wa (31)
w} CAJI -y
where
B8 — 1is the general kinematical basic transmission
Wr, Wi, Wg — are the angular speeds of the shafts marked

with indices I, II and III.

Table 1 contains the connection between B and b according to the six va-
riations of binding in. Indices 1 and 2 pertain also here, as ever, to the cent-
ral wheel, while index 3 to the crank arm.

As a result of the generalization we obtained such a characteristic number,
which characterized the epicyclic gear unambigously, independently of its type,
geometrical dimensions and the manner of its binding in. It is obvious that in
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case of the values B being identical the characteristics of the different epicyc-
lic gears are also identical. It may occur therefore that two epicyclic gears
with two different b basic transmissions - in case of different binding in - will
behave uniformly or two identical epicyclic gears will show quite different cha-
racter, in consequence of their different binding in.

Thus in the following the general kinematical basic transmission will be
used, and accordingly, the epicyclic gears will be illustrated with a mere simp-
le circle.

Similary to formula (5) the general kinematical basic equation can also be
written:

B&J_r —wy=(8 - 7)&)& =0 (32)

or, dispensing with the deduction, the torque proportions:

s R
MI-ME-ME=?-——§-(~E——?) (33)
resp. the performance proportions
PPy —=w-:[—i)w-:—7——)w— (34)
£ '@ 1 B £ B ]

Table 1.
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=-0,25

0,25

,25

0

25 B=1-b

=1

Table 2.
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13. Generalization of the complex epicyclic gear

After the generalization of the simple epicyclic gear the same for the
complex one seems to be a task easy enough. Before proceeding, however, we
must come to an understanding regarding the general type of the complex epi-
cyclic gear. We propose to accept as this general type the connection shown in
Fig. 27, where the two 11 shafts resp. two II1 shafts of M and N simple epicyclic
gears are connected. Thus the basic type of the complex epicyclic gear has four

Fig. 27.

shafts in all. Shafts I and II are connected al-
ways only with a simple epicyclic gear-member,
the two III, i.e. .E, and .ﬂ} shafts always
with two epicyclic gear-members and namely
with one member of the two simple epicyclic
gears each.

Considering that at the two simple epicyc-
lic gears with two degrees of freedom two
shafts are connected, the complex epicyclic
gear also remains a two degree of freedom
mechanism in spite of its four shafts. Of this
follows that for the kinematical basic transmis-
sion we obtain here two values, corresponding
to the fact that the general kinematical basic
equation can be written for the [-j- ﬂf and

I"’E‘ﬂz shafts.

In order to determine this let us write the general kinematical basic equ-
ation of the two simple epicyclic gear:

Since

therefore

B" wf' —uwf —(B"-1Nwy =0
(35)
B'w] —wj —(8"-Nwg =0
N M
“ i
M
g 7
N -
e/ {]
M N
“i T Wi ~wiy
B"wp - wj ~E"-1) wy, =0
(36)

8wy ~wj 8"z, =0
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After eliminating WY the general kinematical basic equation of the comp-
lex epicyclic gear will be obtained for shafts | I Hy
]

M
gy~ Ey gy =0 o

resp. comparing the general kinematical basic transmission to equation (32):

57 (38)

8y = "

When taken in consideration that

M_ N = and

w!—w! =£&Jg2
N

W jF ""’QJE

then according to the former deduction for shafts I—ﬂ—*ﬂz will be obtained the
general kinematical basic equation:

8" (8"-1) 8" - 8"
& T T T ey Ve O .

resp. the basic transmission:

N
8"(B"™ 1) 40
Bz - N_.'T_- { )
B8Y(8"-1)
The dynamical conditions of the complex epicyclic gear can also be exa-
mined by the (33) and (34) formulae, taken in consideration, as a matter of
course, formulae (38) and (40) too. Thus it can be written:

MpiMpiMg, = f:—é E—f) (41)
resp. R y
MI:ME:MEZ-y:—E:(Ez—) (42)
and
rah oD (o @
resp.

. ey A I |
A = I
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2. EPICYCLIC GEARS WITH TWO DEGREES OF FREEDOM

The simple or the complex epicyclic gear (epicyclic drive gear) is origi-
nally always a mechanism with two degrees of freedom.

When using it in practice, sometimes just this is utilized e.g. for sum-
marizing, separating, equalizing resp. distributing two rotational motions resp.
performances more or less independent of each other.

In the first case we are dealing with double drive-in, in the second with
double drive-out epicyclic gears.

There is double drive-in e.g. in taxameters where the epicyclic gear has
to summarize the motions of the cardan shaft and that of the shaft of the time-
-metering watch. The most characteristic example for khe double drive-out is
the differential gear of motor vehicles.

For the kinematical resp. dynamical examination of double drive epicyclic
gears the kinematical basic equation resp. the torque and performance propor-
tions can be used direcily. For just this reason and for their relatively narrow
utilization-fields we dispense with dealing with them any more.

3. EPICYCLIC GEARS WITH ONE DEGREE OF FREEDOM

31. Simple epicyclic gear with one degree of freedom

In the practice one degree of freedom structures are needed in most ca-
ses and this is so at the change-speed gears of motor vehicles too, where un-
ambigous kinematical and dynamical conditions have to be predominant between
the in - and outgoing shafts. Therefore, the epicyclic gear with two degrees of
freedom must be transformed to a unit of one degree of freedom. There are
two ways for this. The one way is the fastening of one shaft of the epicyclic
gear - and for the sake of unambigousity always of the II1I shaft, i.e. rende-
ring it connected to the base (Fig.28). The other way is to fasten this same
shaft to another shaft - in the following uniformly to the IT shaft (Fig.29). We
propose to name the epicyclic gear simply fastened epicyclic gear in the first
case, and iransfastened epicyclic gear in the other. For fastening resp. trans-
fastening the shafts as comnecting elements any mechanical, hydraulic, electric,
pneumatic, etc. power transmission structures (e.g. clutches, torque conver-
ters, etc.) can be used. If the simple epicyclic gear is completed with some
kind of connecting element, the assembly is called complex epicyclic gear.

=)
I

Fig. 28. Fig. 29.
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In Fig.28 and 29 the connecting elements are marked by a square. The
shaft of the connecting element located towards the O shaft is marked with a 1
index, while its other shaft with a 2 index.

Both at the simply fastened and the
transfastened epicyclic gears after all two 1 2
shafts remained. Let us mark the shafts =
of the complex epicyclic gear with O and S 1
oo indices, we use the O index uniformly X B
fromly from shaft I, the oo index from 0 T\ =Y
shaft II. In the one case we are dealing
with straight drive and the transfastened 2 1
epicyclic gear is called then prefastened
epicyclic gear, in the other case we can 7
speak of reversed drive and back-fastened X e 8

oo ANY /) Y

epicyclic gear. For marking the incoming
shaft we use the letter x and for the out-

-going shaft the latter y, whenever such dis-
tinction is needed (Fig. 30), Fig. 30.

Of course, not only one connecting
element can be used. Theoretically we may insert a connecting element in all
shafts. In Fig.31 the simply fastened, in Fig.32 the transfastened epicyclic
gear is shown with all the imaginable lo-
cations of the connecting elements marked.
The possibility of inserting in a single lo-
cation also two connecting elements - e.g.
a mechanical and a hydraulic one - in se-
ries connection with each-other, is not,
however, indicated here. Otherwise, for
marking the connecting element we use the
index of that shaft into which it is inser-
ted.

Always that shaft of the connecting element is marked with index 1 which is
nearer to the shaft O. s

32. Complex epicyclic gear with one degree of freedom

To fasten one degree of freedom of the complex epicyclic gear three ways
are available. The first two ways are identical to the transformation of the
simple epicyclic gear, i.e. one of the two shafts IIT - further uniformly shaft
fg - has to be simply fastened or transfastened. In such case shaft j{_!, runs

freely (Fig.33 and 34.).
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Fig. 33. Fig. 34.

The third way is the connection of two of the four shafts and of the re-
maining two one will be the in-coming and one the out-going shaft. We propose
to name such an epicyclic gear crossfastened epicyclic gear. The crossfastened
epicyclic gear has two varieties. In Fig.35 the straight crossfastened epicyclic
gear can be seen, where two III shafts are crossconnected, in Fig.36 the in-
verted crossconnected epicyclic gear, where shafts I and II are crossconnected.

Fig.35.

Naturally, here also more connecting elements can be inserted, moreover,
within the complex epicyclic gear, at the connection of the two simple epicyc-
lic gears, also can a connecting element be used.

In case of using a connecting element within the complex epicyclic gear,
as a matter of course, the complex epicyclic gear’s kinematical basic equation
also will be changed. Dispensing with the deduction we present here the kine-
matical basic equations valid in this case:

8" N M e Tho ,-" f-N ) "

.-'I f_'— CIJI B w!‘ (=] _?) "LL,‘H -(B _UIE ':‘JE"‘O (45)
¥

respectively

Moo N
B"(B"-1)i igw;-BB" 1wy - {(s"'ﬂf) :L[F’;ﬂ_ -(5”—1);'}‘] wg,=0  (46)
7
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and the torque proportions as well:
M N N M N N
MMy =1 NJ___M_T:B_:M(_:)_klk! B 1| 4
M 'MJ'Mff 1'[“"(5‘" 1) k; 8" T\ kel? I k; 5" 47

respectively

M N M M M M N M
none g | KEKE B =1 ki \\ki kiki B — 1 (48)
MM, 1'[ K B'tety 8" TB8" ~ i} 1)

Fig. 37.

In Figs.38-41 we present the simply fastened, the transfastened and the two
kinds of crossfastened epicyclic gears, showing all the possible connecting elemnts.

Fig. 38.
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4. KINEMATICAL CONDITIONS OF COMPLEX EPICYCLIC GEARS

41. Kinematical conditions of the simply fastened complex epicyclic gear

411. Kinematical gear transmigsion of the simply fastened simple epicyclic gear.
From viewpoint of the change-speed gear the kinematical conditions of complex
epicyclic gears are completely well characterized by the kinematical gear trans-
migsion. Therefore in the following only this will be determined.

The number of the possible connecting elements at the simply fastened
simple epicyclic gear is three (Fig.31).

The connecting elements are kinematically characterized by their trans-
migsions: '

Py = I (49)
e

3 Weo
loo=—— 50
e (50)

A
= | (51)

Since the base always stands, therefore f: =0
Instead of this, for the characterizing of the third connecting element we
compare the angular speeds of the epicyclic gear’s III and I shaft:

Wi (52)
wr

Expressing from (49), (50) and (52) the angular speeds of the simple epi-
cyclic gear’s shafts and substituting them in the general kinematical basic equ-
ation of the simple epicyclic gear, we obtain:

B iptg — ‘;.’* — (B 1) g} iyw, =0 (53)

o0

From this the trangmission of the simply fastened complex epicyclic gear
can be expressed:

L2 g lon [8—(3—1) fﬂ] (54)

]

Connecting elements /, and /., are series connected fo the epicyclic gear.
The simply fastened complex epicyclic gear’s simple case will be obtained
when there are no series connected connecting elements (Fig.28) i.e.

iy =ios =1

Then
oo

g

=B—(B—1)ig]
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A widely used variety of this fype
is the epicyclic gear simply fastened by
clutch (brake). See Fig.42. In case of
closed brake (see right side of Fig.) the
transmission

Woo

e =8 (55)

gince

412. Kinematical gear transmission of the simply fastened complex epicyeclic
gear. In case of simply fastening shaft Ef of the complex epicyclic gear (Fig.
38), after substitutions, the basic equation is:

.M N
B"if ifisw, —8" 4= *[(BN—I) —‘%;’i— —(B"-f)f}] igioWe=0  (56)
e ¥

From this the transmission:

LY
" L1 L _ gy
dee ol i B_,"'_”,‘” . '§ - (57)
o 0loof gW 'd I} N 5]

In a simple case, when

M N M N

if =ig =g =l§ =1
and

o= loo=1

the transmission:

We 8" BB
Wo = BN R BN "if {58)
resp.in case of closed clutch ( "‘ff =O)
(59)
Weo  B"

Wo L
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42. Kinematical conditions of the transfagtened complex epicyclic gear

421. Kinematical gear transmission of the simple transfastened epicyclic gear
at transfastening. At a transfastened simple epicyclic gear the number of the
possible connecting elements is four (Fig.32). The kinematical transmission of
these: (49), (51), respectively:

Wy Wy (60)

The angular speeds of the epicyclic gear’s three shafts can be expressed
from these:

From (49): Wi = lpw, (61)

From (60): wi = oo (62)
ff /oo

From (60) and (51): g =L (63)
= f e

Formulae (61), (62) and (63) substituted in the general kinematical (32)
basic equation of the simple epicyclic gear we obtain:

lf loo lf loo

From this the transmission of the transfastened complex epicyclic gear
can be expressed:

2 e fpie 8 (65)
“o L oL
7 1§
In a simple case (Fig.29) when
Io = loa=T1
and
g =1
the transmission is
Weo B (66)

wo  14B-1L
i
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422. Kinematical gear transmission of the transfastened complex epicyclic gear.
In case of transfastening (Fig.39) shaft ]_1 of the complex epicyclic gear, after
substitutions, the (45) basic equation is:

8”7 i ipw,—8" 2= —[{s SR & S *”’E:l—&'o 1
l

{!‘” Ifi oo

From this the transmission:

Weo _ fo leo (68)
wo  gY 1 (1_ ) 1 B il
8" r! iY iy 8" iy B | g

In a simple case (Fig.34) when

if=if=ig=ig =1

f°= .i“ = 1
i =1
the transmission is:
Weo _ 1 (69)
we B +( _i")_?
B g™/ ig

43. Kinematical conditions of the crossfastened complex epicyclic gear

431. Kinematical transmission of the crossfastened straight complex epicyclic
gear. The number of the applicable connecting elements at crossfastening is
four in the inside, three in the outside (Fig.40). The kinematical transmission

of these:

(70)

_O-’_gi
©f
N
N wf
Iy = 71
; Wit (71)
Wil
“’f (72)



f; _ wi (73)
Wiy
respectively
Wi
L 7 )74)
Fio i _Woo 75
oo wg (75)
i = &JE:
C Wigg i7e)
Substituting formulae (74), (75), (76) into equation (45):
MMN N oW M it iy NN g
ey 2o gy A g g | T = 77
B Iglploto 8 e (8 -1 ’g (8 ?)"ﬂ} i OJEZ (0] (77)
From this we express Wjj, and substitute it into equation (46).
After ordination:
(_ ! ) Ny T N,
wee _;; V"B 8* BT 1
Ip foo (78)
Wo (,_ 7M)_?_+_f_ A
8% i§ 8" if
In a simple case (Fig.35) when
Mo N M N
L=y =g =1
and
fo =foa=1
the transmission is:
w (1'_1”)4“?3“"
e | *? (79)
W .
0 g + % I

432. Kinematical transmission of the crossfastened inverted complex epicyclic gear.
The number of the applicable connecting elements is identical to the case of the
straight epicyclic gear. The transmission of the cutside connecting elements is in
this case:




if = B (80)
; Wiy
/ 81
o o (81)
e wE, (82)
These substituted into equations (45) and (46), after ordination we obtain:
i
8"6™1igiy ——~8(B n @ —f)—%— -@"-n W
S., i ? - A (83)
] , N R LA f
8"if" i B0 B 1J—L'——ra”1) 1
i if
In a simple case (Fig.36) when
- -Ig -J'H =f! =1
and
Jp=loa=1
the transmission is:
wo  B1B-nL gy
ST 1f§ (547
o m_ 1 N
5. TORQUE CONDITIONS OF COMPLEX EPICYCLIC GEARS
51. Torque transmission of the simply fastened epicyclic gear
Outside torque conditions of epicyclic gears are characterized by the
torque transmission.
Atthe simply fastened simple epicyclic gear (Fig.31):
M.
M, "’*‘Lk (86)
e
Taking in consideration the proportion (33), we can write:
M. 7
22 = kok ——) (87)
Mo 8

In a simple case (Fig.28):
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Moo 7
piL - 88
) = (88)

In case of a complex epicyclic gear, taking in consideration proportion
(47) as regards shafts [— _{T—ﬂ’ (Fig. 38):

M N N
1 ) ki ki 1-8
so 1]— - 89
[k'{ = gt (89)
resp. the proportion (41) (Fig.33):
N
(]

52. Torque transmission of the transfastened epicyclic gear

Let us write the torque-equilibrium for the connection-point of shaft X:

kg Mg +kgMg +f+: =0 (91)
Taking in consideration relations (85), (86) and {(33) we can write;
ko
Mg =—-—2M 1)
i g ¢
Mg =(L- 1)k, (99)

Substituting expressions (92) and (93) into equation (91), after ordination
we obtain for the torque-modification:

Moo i, koo (B=Dkm—kI (94)
Mo 8
In a simple case (Fig.29) the torque-modification is:
Meo -( _i) ky--L (95)
Mo "8/ B

In case of the complex epicyclic gear (Fig.39), taking in consideration in
the above deduction instead of the proportion (33) the (47), the torque modifica-
tion for the shafts [- J-j7, will be in the general case:

Moo M 1 ) Ky k; 1—8 K1 k
bt Koo = I_L
Mo © ki[k!( 8" T P )+ = -1| (9
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N N
(- -5

53. Torque transmission of the crossfastened epicyclic gear

In a simple case (Fig.34):

Let us write the torque-equilibrium at the crossfastened straight complex
epicyclic gear (Fig.40) for the connection-point of the shafts of connecting ele-
ment ipy:

kE Mg +—;%ﬂ- ME +Mgy =0 (98)
M M1 N _
kg Mg + }(‘};-' Mj +Miz =0 | (99)
Since
M M 1
Mﬂ - %-—7) MI ﬂko(? —1)Ma {100)
N 7 N_ 1 1
Mg =(E- _)MIFT(?-d Moo (101)
M;=( R ;—M)Mf =k -%) M, (102)
7 N_ 1 7
(-Gt (- e )
and
M_ﬁ’-_;i_ Mﬂ'z (104}

therefore the equations (98) and (99) can be written in the following form too:

i 7 M ——M -
k"k’('@‘?"?)% k¥ k.., B” ! =0 G0
0TI BN, o & k; koot B z

Let us multiplicate the first equation of the equation-pair by kyjy and sub-
stract from it the second equation, then we obtain after ordination:

Moo —— ek k" (_”’ ’)k'k‘-' (107)
M,
? +("T 7) RN kg
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In a simple case (Fig.35):

1
Moo BT +( ~1) e i

By a similar deduction we obtain also for the inverted complex epicyclic
gear (Fig.41):

: M N
BB —KL_gMgmy (BT gy y
i

Moo k ki k
Kil_P . Mkik; - - k{‘ kg —L (109)
@ T +8 (8 "—1)-—:"—5 ki
ki ki ki Kg
resp. for the simple case (Fig.36):
Moo _ BM(BN"'?MH -8MNE"-1) (110)

Mo 8"z — 8~

It can be checked that all the expressions obtained for torque transmission
can also be direcily obtained from the formula of the corresponding kinematical
transmission by

; 7
y - (111)
resp. by
Wee Mo (112)
Wo Mo
substitution.

6. PERFORMANCE CONDITIONS OF COMPLEX EPICYCLIC GEARS

61. Performance-flow of the simply fastened epicyclic gear

We are interested in the performance conditions of complex epicyclic
gears from the point of view of distribution of performance according to the
shafts, resp. of the flow of the performance. For starting our examinations
we will use the performance-proportions.

At the simply fastened epicyclic gear the performance flows in one direc-
tion, since on the base no performance can fall. In case of straight drive the
performance comes in on the O shaft, goes out on the oo ghaft, at inverted
drive the oo shaft is the in-coming and the O shaft the out-going shaft. If the
simple fastening is made by such connecting element in which losses occur
(e.g. by hydrodinamic clutch) then the incoming and outgoing performances ob-
viously will not be identical, in spite of that, that the epicyclic gear itself is
regarded as free of losses.
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62. Performance-flow of the transfastened epicyclic gear

621. Performance-flow of the transfastened simple epicyclic gear. At transfas-
tened epicyclic gears (Fig.32) in general performance-ramification occurs, con-
sequently examination of the distribution and direction of the performance-flow
is an important task. '

We get a characteristic view of the performance-flow conditions by com-
paring the signs of the performances flowing on the individual shaits.

From proportion (34):
s i (_ L) _wi (113)
R B Wi

We express the angular speed by the angular speeds of shafts oo , resp.
O, using formulae (62) and (65):

T Uf e If a Wo ig 1,81
{4 ’! ';g

By substituting formulae (61) and (114) into expression (113) we obtain:
A 1

R (s
. |
The signs of the performances on shafts I and II are identical, i.e.
—g‘- =0 (118)
i
if
i
L (1-B) =1 (117)
g
Again from the proportion (34):
_ﬁ_t(_l. _1)_@1 (118)
Pr B Wi
By using formulae (58) and (59):
Woo Wo Weo _; B (119)
%=! s o 2 =il — Wo
i oo g loe W __{.! _
. L] ¢ = +8-1

i

Formulae (61) and (119) substituted into expression (118) we obtain:

ﬁ-=—~.—’——- (120)
R L _1__,
ig 1-8



43

The signs of the performances on shafts I and III are identical, i.e.

P
A, =0 (121)
if ;
o, (122)
f 1-B

resp. by putting it in a form similar to that of expression (117):
-.7-—7-— =1 (123)
-L(1-8)
U
On base of inequalities (117) and (123) all possible cases of performance-
-ramification can be determined.
If (117) is valid then (123) can not be valid i.e. in this case the sign of
i differs from those of R and of R as well. This means that in case of
straight drive shafts I and II are in-coming shafts, while shaft III is out-going
i.e. trough shaft IT performance flows back into the epicyclic gear (performan-
ce-circulation). In Fig. 43 the direction of performance-flow is shown by arrows.
Since values /, and /,_ have no influence on the direction of the performance-flow,
for the sake of simplicity these were not indicated. In case of reversed drive
there also is performance-circulation, here, however, the epicyclic gear 'sends
back" the circulating performance (Fig.44).

Fig. 43 Fig. 44.
If (117) is not valid then two possibilities are met with. Inasmuch

g =
0 =< iz (1-8) =1 (124)

then (123) is valid and in such case the sign of P{ differs from those of the
other two performances. We have performance circulation also in this case but
with an opposed direction of rotation (Figs.45 and 46).
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If
AL (1-m <0 (125)

then neither (117) nor (123) are valid and in this case the sign of P;r differs
from those of the other two performances. We have no performance-circulation
now, only a simple performance-ramification resp. the performance proceeds
parallel. (Figs. 47 and 48),

By examining the inequalities (117), (124) and (125) the direction of
the performance-process on the individual connecting elements may simply be
determined and on base of this the correct manner of fastening of the relevant
connecting element can be determined too(e.g. it is reasonable to use a hyd-
raulic torque converter only in the case when the performance proceeds from
the pump-impeller towards the turbine wheel). In the last column of the Table
of the following paragraph also these three cases are indicated.

The absolute extent of the performance flowing on the individual shafts
can be determined by means of formulae (115) and (120).

From the above otherwise it also can be seen that at the transfastened
epicyclic gear we can not unambigously speak of double driving-in or double
driving-out, on base of the location of the epicyclic gear.

622. Performance-flow ot the transfastened complex epicyclic gear. First the
performance-flow outside of the epicyclic gear will be examined (Fig.39). The
deduction will be dispensed with since it is totally analogous to the deduction
of formulae (115) and (120), only instead of proportion (34) the proportion (47)
must be used as starting point and instead of formula (65) the formula (68) has
to be used.

The result is:

Mg oM kt kI

A K (1-8) ——Sa™ {1 -8%-8" c18)
& L 8" —-‘P ¥ (8” - “’ (BN-1)
I i ' if iy
resp. M, N

LI ﬂ;ﬂi (8"-1) :
A (127)
QU W7 2 1)——!—(8—1)

I! J'g Ij‘ Fg ‘g .i
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In a simple case (Fig.34):

i | 1
e~ 128
AT LB o
U | B
resp. P /
_'5}- B (129)
L 7—%)
g B

As a matter of course the relation (38) is valid also in this case and ta-
king this in consideration those spoken of in commection with the inequalities
(117) and (123) can be applied according to the sense.

At the complex epicyclic gear, however, also the examination of the per-
formance between the two simple epicyclic gears i.e. of that within the comp-
lex epicyclic gear may be needed. Within the complex epicyclic gear four kinds
of performance-flow are possible at all three performance-conditions of the
transfastened epicyclic gear. In the horizontal rows of Table 3 are arranged
the cases identical from viewpoint of inequality and in each row four varieties
can be seen for the performance-flow within the complex epicyclic gear.

For the examination of the inside performance-flow the performance-pro-

N
portions Fi and ﬁ give information. If both quotients have negative sen-
Fi A

se at the same time, i.e.

A
oY <=0 (130)

and

N
A _,

N (131)

then the performance circulates in the complex epicyclic gear (first two co-
lumns). The direction of the circulation is shown by the sign of quotient &H

If
M P;
.ﬁ =0 -

}3_?

then the performance-circulation is formed according to the figures in the first
column, in the contrary case the figures in the second column are relevant.

M N
If of the quotients ’ﬁn' and .._f% one or both are positive, we obtain
P, Py
E) [

unambigously the direction of the performance-flow, that is, if the value of
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Pl

i

exceeds O then the fourth column, finally, if both quotients are positive

then the Figs. of the fifth column show the direction. In Table 3 the criterions

pertaining to each 12 cases are indicated.

The direction of the performance-flow is marked for the case of straight
drive. In case of reversed drive each arrow must be drawn in the opposite di-

rection.

Values of the individual quotients can easily be calculated, here we give
the formulae only for the simple case (Fig.34), dispensing with the deducions:

R _ BYig-n+1

N i
i A
N S
SN
and it is needed at the first two columns:

M

f
pM - (gN—gM 1L _gN

(133)

(134)

{135)
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63. Performance-flow of the cross fastened epicyclic gear

At the cross fastened epicyclic gear only the sign of the performance
proceeding through /F connecting element has to be examined, since here only
two cases are possible: the performance proceeds from shaft L};‘T towards shaft
-’172 or the reverse of this.

The methods of the examination are similar both at the straight and the
inverted complex epicyclic gears. In the following we deduct only the formulae
of the straight epicyclic gear, those of the inverted ones can be obtained in an
analogous way.

From proportion (47)

. R k;(y_ 7)__ k?k}‘ g1 LI (136)
A BT K T BT W

From the general kinematical bagic equation of B” complex epicyclic gear

M M M
mM_ B wr - Wy

= (137)
“i BM—1
Taken in consideration that
wg = —L.‘f,!i‘ {(138)
!
F
the M_ IE
wp= — Wiy (139)
£
from the equation can be expressed:
Wi
N PO T I I (140)
B") g 8" i o
If this is substituted into equation (136) we obtain for the perfor-
mance flowing on shaft E’
) gt~ M g y)
(B -Nkg — -
i T K (141)
G A I A 3
: VI
In a simple case (Fig.35): N
Py BT
A B (142

Here also the examining of the performance-flow between the two simple epi-
cyclic gears i.e. of that within the complex epicyclic gear can be needed. The
method is similar to that used at the transfastened epicyclic gear.
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The two quotients:

M
~&;= :‘,— (143)
Ay B
N
Fi ] =
——— — ]
A" B4 L (144)

If the values of both quotients are negative then for the determination of
the circulation’s direction also the sign of the

L S B w45,
A I=80

quotient is needed. The possible ten directions of performance-flow in case of
straight drive is shown in Table 4, where the ciretions pertaining to the indivi-
dual cases are indicated as well.

By means of the deducted relations the kinematical, torque and perfor-
mance conditions of any epicyclic gear structure can simply and rapidly be exa-
mined. The formulae given refer to straight drive, in case of reversed drive
the reciprocals of the ratios will be taken. The kinematical transmission e.g.
at a straight driven transfastened epicyclic gear (socalled prefastened epicyclic
gear) is:

i _ Wee - B
e r+(3—v?__f
]

The same in case of reversed drive i.e. at backfastened epicyclic gear:

fom-—*"- (H ) (146)
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III. MECHANICAL CHANGE-SPEED GEARS WITH EPICYCLIC GEARS (98)

1. THE COMPLEX EPICYCLIC GEARS AS MECHANICAL CHANGE-SPEED STAGES

We are dealing with a mechanical change-speed gear whenever all its con-
necting elements are mechanical power transmission structures, in the first place
a clutch or some kind of one degree of freedom geared drive.

In the following will be examined in what kinds of concrete forms the
complex epicyclic gears can appear in mechanical change-speed gears and it
will be illustrated on examples how they may be examined by means of the
methods resp. formulae described in the foregoing paragraphs.

The mechanical clutch - as all clutches - is characterized by the fact
that it does not modify torque (k = -1). From viewpoint of the taken resp.trans-
mitted torque’s extent the clutches from our point of view can be numbered to
two groups: there are controlled and automatic clutches.

At controlled clutches the transmitted torque is regulated according to
some outside law. The torque taken is regulated e.g. at frictional clutches
(brakes) by the variation of the force compressing the chafing bodies, at hyd-
rodinamical clutches by the variation of the liquid’s quantity and at electric
clutches by that of the excitation or load.

At automatic clutches the transmitted torque depends on the service-con-
ditions of the clutch itself; at a hydrodinamical clutch with constant charge e.g.
on the rpm of the turbine wheel. So at automatic clutches the torque charac-
teristics may be taken as a given one. Let us take in our example the control-
led clutch. In practice mainly two service-conditions occour: open (released)
and closed conditions. Sliding resp. letiing to slide can be taken as a transi-
tory state. (Sometimes also slided controlled clutch occurs e.g. at steering
motor vehicles with chain track.)

In Fig.49 a simply fastened epicyc-
lic gear is seen where the connecting
element is a frictional clutch (brake).
The clutch being in released state, the
III element of the epicyclic gear is ki-
nematically undetermined, therefore
then the epicyclic gear runs freely, it
can not take part in the power trans-
mission.

In case of closed clutch at straight
drive the kinematical modification accor-
ding to formula (55) is:

. ; Woo _
I = laapg = Wo =8

Let b = 0,8. Since fastening of the elementary epicyclic gear occurred
according to the second variation (Table 1):

; _b-1 _08-7 __
j =8 5 08 025
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The torque modification is according to formula (88):

The simply fastened epicyclic gear so in case of closed clutch (brake) is
transformed to a one degree of freedom mechanical power transmisgion struc-
ture with constant transmission (to change-speed gear, resp. torque converter,
reductor, etc.).

We may use a clutch also for transfastening the epicyclic gear. At the
transfastened epicyclic gear seen in Fig.50 in case of closed clutch i =1
i.e. the transmission of the epicyclic gear according to formula (66) is:

that is the epicyclic gear is transformed to a rigidly together-clamping body
(shortclosed epicyclic gear).

If as connecting element a mechanical structure with constant transmission
(change speed gear resp. torque converter, reductor) is applied then it is valid:

1

jo=——

k

inasmuch we do not take also here the frictional losses in cosideration.
The mechanical structure with con-
stant transmission has significance at a
simply fastened epicyclic gear only then,
_ when it is series connected with the for-
2 . mer (Fig.51).
'...; We already mentioned above that the
I ,+= simply fastened epicyclic gear in case of
) L.t y closed clutch (brake) is transformed to a
oo one degree of freedom mechanical struc-
ture with constant transmission (Fig.49),
Fig.50. therefore it can be used at an other epi-
cyclic gear as a connecting element with
such character. At the structure
shown in Fig.52 (1 stage of the
Cotal change speed gear) two
simply fastened epicyclic gears
are series connected; theoreti-
cally either of them can be the
comnecting element of the other.
oo y Fig.53 shows an epicyclic
gear transfastened by a geared
structure of ipyy transmission,

I=

L+

e

L=
Fe—iH

Fig.51.
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where also a connecting element
of ico transmission can be seen
which is solved also by geared
wheels [1}

The block scheme of the
epicyclic gear is presented in
Fig.54.

X
o0
g
zg
e aeief t
L {
=T 3 VY
I ==
I }
J — — ._:‘_'_.{.._.__
: | T
Zo | | S
loo S L z;
! ALl
Zr |1 4
lr-———-ut st
:.l.z
—— |
X o0 | z?

Fig.54.
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Let the constant transmission be:

= =162

The basic transmission of the simple epicyclic gear is:

=£_1 242 " 40,50 _
b= Zu Zp) =~ 30720 =955

The binding-in corresponds to the fourth variation of Table 1, therefore
the general basic transmission is:

B= L =—18

The complete transmission of the epicyclic gear in case of reversed dri-
ve is according to formula (65) taking in consideration that i; = 1 and iy = 1:

7
joWo i 1481+ _ 141810 5
o B8 (-15)(-18)

It can be seen that the epicyclic gear transfastened by the mechanical
connecting element is transformed to a one degree of freedom mechanical struc-
ture with constant transmission. For the calculation of the torque modification
use of the formula (94) is needless since we are dealing with a pure mechani-’
cal structure, when

k=—L
!

therefore
kOooE 5

Let us calculate for the examination of the performance flow the value of
expression

X (1-8)
i



w
(3]

which ‘is .

?,BZ(HM) = 1,54 > 1

therefore the inequality (117) is valid and in Fig.54 the direction of the perfor-
mance-flow (circulation) was indicated on the base of this.

From those told in connection with Fig.49 follows that the connecting ele-
ment of the transfastened epicyclic gear can be a simply fastened epicyclic gear
too. The connecting element of the transfastened epicyclic gear M with reversed
drive seen in Fig.55 (back-fastened epicyclic gear) is the simply fastened epicyc-
lic gear N (second stage of Wilson).

Let the geometrical dimensions of the two simple epicyclic gears be uni-
form:

A A o Sy
D2

If we connect shaft I of the N simply fastened gear to the shaft III of the
epicyclic gear M (we may connected also the shaft II) then the binding-in of
both epicyclic gears occured according to an identical variation:

Mgl b=d_ =1 _
R it

The transmission of the epicyclic gear N figuring as connecting element,
is according to formula (55):

, N y
Wo

After all these the transmission of the back-fastened epicyclic gear M is
according to formulae (66) and (146):

1+(BM- n{i— 140351 =1

T 5
;=j'°°=l= o = = ! 2048?
) S BM 35 (

Let us calculate for the examination of the performance-flow the value of
the expression

g™
in



which is

-7_(;:_

35

56

35) = =0715 =<0

therefore the inequality (125) is valid, and the performance-flow occurs accord-
ing to Fig.48. In this case so both epicyclic gears are of reversed drive. When

formely not shaft I but IT of epicyc-
lic gear should have been connected

to shaft III of epicyclic gear M, then
it would be now of straight drive, but
of course, together with this also the
binding-in should have been changed

so that the same result would be ar-

Fig. 55

rived at anyhow. Reverting to Fig.55
it can be stated that an other epicyc-
lic gear transfastened by a simply
fastened epicyclic gear will be chang-
ed to a complex epicyclic gear.

Therefore, this special case of the transfastened epicyclic gear could also
be dealt with as such a complex epicyclic gear at which the shaft to be fastened
is changed with one of the shafts to be led out (Fig.56). This way of dealing is,

0 N M
4 23 23
3
1 1 1
s T ~y
Fig. 57.

however, not expedient, since the umity of
the system would be disrupted without ob-
taining any simplification at the same time.
This possibility, otherwise, will be still re-
ferred to later on. ;

It was mentioned above, that the epi-
cyclic gear transfastened by mechanical con-
necting element also will be transfagtened
to a one degree of freedom  mechanical

. gtructure with constant transmission, the-

refore thig also may be used in this cha-
racter as connecting element in an other
epicyclic gear.

We can meet with the aggregation of
epicyclic gears e.g. in the third stage of
the Wilson change speed gear. In Fig.57.
can be seen that the connecting element of
transfastened epicyclic gear M is the trans-
fastened epicyclic gear N in which the simp-
ly fastened epicyclic gear O is the connec-
ting element.

Here the I and II indices of the epi-
cyclic gear N can be unambigously only
those according to the Fig., since connec-
ting element O has to connect unambigous-
ly shaft III with shaft II.
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M N -
Values of 6 and b were already given at the second stage of the
Wilson. The

b..; = —0,357
while the general basic transmissions

5 _0!4 =3;5
BN== __b_.z __.%_,_ =0,286

b—1  -04-1

B°=1—b =1+0,357 =1,357

It can be seen that now, as a matter of course, g and 8" are not equal.
The transmission of the simply fastened epicyclic gear O is:

0 _ oo _ o0 _
("= 2= gt = 1357

which is at the same time the transmission of the connecting element of epicyclic
gear N, i.e. '

(g = 1,357

The transmission of the epicyclic gear N is according to the formula (66):

Wee g" - 0286 . _ o6

Wo N_g L. 0286 1) 1
1+(B"=1) f§ 1+(0, 7357

which is at the same time the reciprocal of the transmission of the connecting
element of epicyclic gear i.e.

M ]
(ie) = g =167

After this the transmission of the change speed gear stage is:

M 7 7
Wo_ _ 1+(B =1 f_ﬂ. _ ?+(3,5'—'f) W

Woo 8" 35

The performance-flow at epicyclic gear M, since

i 1 gl _(1-35) =—15<0
T (1-8) 1’67(1 3,5) ;
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n

is the one according to Fig.48 and at epicyclic gear N since

g o 1 g 0286)=053
e (1-8") ?{357(? 0,286) =0,

that according to Fig.45. On base of this the direction of the performance-flow
can be drawn also into Fig.57.

7Y
Fig.57/11.

It can be seen that the drive of epicyclic gear M is reversed, while those
of epicyclic gears N and O are straight. The stage is therefore in the reality a
back-fastened epicyclic gear the connecting element of which is a third epicye-
lic gear prefastened by a simply fastened one.

Fig. 58. Fig.59.

Let us present an example also for the complex epicyclic gear [7] (Fig.
58). The complex epicyclic gear consists of epicyclic gears M and N and this
transfastened by the simply fastened epicyclic gear 0. The block-scheme of
the epicyclic gear is shown in Fig.59. '

The data of the elementary epicyclic gears are:

M
b =
b - —0;336 ; g"= T - _—af%?_—f =0,252



N N
b = —06%4 ; B'=1-b=1+061% =16%

b = =0632 ; B’ =1-6"=1+0632 =1632

The transmission of connecting element Jj§ is equal to the transmission
of simply fastened epicyclic gear O, which is according to formula (69):

Wes !
o gt % BY 1 1674 (? 1,674 ) 7 {
BM BM iy 0;252 Op252

For the examination of the performance-flow the expression (117) is, tak-

‘ing in consideration that 8 = 8_ = (,76 the following:
1 g)m —1 (1.0
i (1-8) 763 2( 16) = 0,515 < 0
Further performance proportions:
M ;
A _ Big—1+1 _ 167401632 -1)11 3% o B
Py av¥-1 0,252 -1 "
P i§ 1,632
= e o it e TEE L e S 2D
F1-I 1- L '
= B 1,674

Therefore the direction of the performance-flow is shown by the Fig. be-
ing in the third column of the second row of Table 3 and the arrows were
drawn into Figs.58 and 59 on the base of this.

From the examples can be seen that in the mechanical change-speed gear
with epicyclic gear. for commecting element generally a clutch (brake) is used
(for simply fastening the epicyclic gear) on the one hand, while on the other
a further epicyclic gear or epicyclic gears (for the transfastening), previously,
of course, transformed to one with one degree of freedom.

In connection with the latter it is also obvious that if all of the connect-
ing elements used for the transfastening are epicyclic gears (of whatever ty-
pe), then the role of the epicyclic gear to be fastened and of the one used as
connecting element can be changed with each other. In Fig.60 e.g. such an
epicyclic gear prefastened by epicyclic gear N can be seen at which shaft III
of epicyclic gear N is back-fastened to the shaft of M by the simply fastened
epicyclic gear O.

This, otherwise, is in harmony also with that what was said in connec-
tion with Fig.56 about the complex epicyclic gear with changed shaft.
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Fig.60, therefore, can be constructed also according to Fig.61.
Summing up, it can be stated
that in all change-speed stages of a
given transmission epicyclic gears
of optional number can take part in
the power transmission, however, at
least one epicyclic gear-member
must be connected to the incoming
shaft and one epicyclic gear-mem-
ber to the base. As a matter of
course, these epicyclic gear mem-
y bers do not have to pertain uncon-
ditionally to the same epicyclic gear.
Fig. 60. When increasing the number of the
epicyclic gears, therefore, the one
member of the newer epicyclic gear must be connected to the epicyclic gear
member previously intended for fastening, an other member of it to some other
member of the formerly existing epicyclic gear (or gears) and its third member
will be simply fastened, resp. if we want to multiply with further epicyclic gear the
change-speed gear stage, then we connect to this one member of the new epi-
cyclic gear. With this new epicyclic gear in the followings we proceed in the
same manner as was done with the previous one; we can connect newer and ne-

wer epicyclic gears up till fastening

its last remaining member. After all,
% a change-speed gear stage of a gi-
ven transmission can be realized
with wpicyclic gear combinations
of infinitive number. All combi-
nations, however, can be led
back to the three basic types des-
cribed in the foregoing, so that
in case the kinematical and dyna-
mical correlations of the trans-
fastened and crossfastened epicyc-
lic gears are known, then all
change-speed gear stages can be
examined simply and in a manner
easy to survey.

2. OUTSIDE ELEMENTS OF THE MECHANICAL CHANGE-SPEED GEARS
"WITH EPICYCLIC GEAR

The change-speed gears can be produced out of the diverse combinations
of the change-speed gear stages dealt with in the previous paragraph.

Whatever kind of combination is selected, to the change-speed gear, in
addition to the incoming and outgoing shafts, also brakes pertain, since at the
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change-speed gear purely with epicyclic’ gear at
every stage an epicyclic gear has fo be simply
fastened in order to realize the transmission (to
bind down the superfluous degree of freedom).
The incoming and outgoing shafts as well as the
brakes are called the outside elements of the T oo =
change-speed gear (Fig.62). Since the outside X Y
elements of the change-speed gear are in con-

nection with each other only through the epicyc- Fig.62.

lic gears, it is also only a two degree of free-

domt mechanism, independently from the number of its outside elements. Si-
milarly, therefore, to the basic transmission of the epicyclic gear, the
transmission of the change-speed gear also can be written. If we refer the an-
gular speeds to the angular speed of the brake-drums, then the basic transmis-
sion is:

|
m.
-lgn

—{l-n
w5

=y = wn -
i Wy —Wwn
where
Wy — the angular speed of the incoming shaft,
wy — the outgoing shaft
Wwp — the angular speed of the brake drum pertaining to the nth

stage, where n = Fy, T, Fay Faonisu.

If one of the brake drums is braked (Wp=0) we obtain the effective
transmission:

A wy
In = T (148)

Within the change speed gear the connection of the built in epicyclic gears
(epicyclic gear members) with the outside elements of the change-speed gear can
be constant or variable, more exactly permutable (rearrangable) and, according-
ly, the change-speed gears with epicyclic gear can be distributed in two large
groups (98):

a/ those with constant inside design,
b/ change speed gears with varying inside design.

3. CHANGE-SPEED GEARS WITH CONSTANT INSIDE DESIGN

31: Needed number of epicyclic gears

All three members of any epicyclic gear are in constant comnection with
the outside elements of the change-speed gear, according to some combination.
The only manner of change-speed: of the brake drums one must be stopped,
that is, the superfluous degree of freedom of one of the epicyclic gears has to
be bound down. This means, that to an epicyclic gear of n stage pertain n pie-
ces of brake drums, and to each brake drum an epicyclic gear, or in other
words:
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into the change-speed gear with epicyclic gear and of constant inside design as
many epicyclic gears have to be built in as many stages differing from 1:1 are
intended to be realized.

After all these, let us examine the possibilities for producing change-speed
gears of the n stage.

32. One stage change speed gears

Of the change-speed gear stages with epicyclic gear dealt with in parag-
raph 1. theoretically any one can be selected, for every one of them presents
a single constant transmission. According to the abovesaid, however, for stage
n = 1 is a single epicyclic gear sufficient. In Fig.63 the scheme of the one sta-
ge change-speed gear can be seen.

It is a matter of course that also the 'direct" transmission (1:1) can be
realized in any change-speed gear with epicyclic gear, for this only the con-
necting (blocking) of two of the change-speed gear’s outside elements is needed.
The three outside elements of the one stage change-speed gear present three
possibilities of blocking. In Fig.64 all three possible locations of the short-
-closing clutch was drawn with dashed line.

L &
T m-===F-==p
s izl
|
1\ [ ¢ I M
— sl
Fig. 63. Fig. 64.

33. Change-speed gears of two stages

The needed and necessary number of epicyclic gears is two. For desig-
ning the change-speed gear with two epicyclic gears, neverthless, several com-
binations are possible.

To deduct the individual combinations,
we start from the complex epicyclic gear.
As already described in the abovesaid, the
complex epicyclic gear has four shafts, the
I and II, as well as the two III (IIl; and
I11,). '

The change-speed gear with two stages
has also four outside elements, to these ha-
X Y ve each shafts of the complex epicyclic gear
to be connected. (Fig.65.). For fastening-in
Fig.65. the complex epicyclic gear and together with

2
%

L
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this for the designing of the change-speed gear with two stages, three
variations are possible:

The complex epicyclic gear will be fastened-in in straight position, in in-
verted position or in straight position, but with changed shafts II - IlI. The
latter possibility was already spoken of in point 1 of the present paragraph,
when the interpretation of the epicyclic gear transfastened by the simply faste-
ned epicyclic gear was set forth.

All three variations are presented in Fig.66, where the individual stages
can be seen also separately.

The first variation’s both stages are simply fastened epicyclic gears and
the two stages are obtained by fastening one or the other of shafts III.

The second variation consists, as a matter of fact, of two parallel epi-
cyclic gears, and the two stages are obtained so that once the first, and then
the other epicyclic gear is fastened, while the epicyclic gear not fastened runs
freely.

One stage of the third variation is the simply fastened epicyclic gear,
while the other is the transfastened one.

All three variations were deducted for straight drive. In case of reversed
drive no change at all will occur at variations first and second and also at the
third variation only as much, that the prefastened epicyclic gear will be trans-
formed to a back-fastened one.

34. Change-speed gears of three stages

The needed and sufficient number of epicyclic gears is three. For design-
ing a change-speed gear with three epicyclic gears several combinations are
available.

For the deduction of the individual combinations we are starting from the
doubly complex epicyclic gear. The doubly complex epicyclic gear consists of
a complex- and a simple epicyclic gear, so that the complex epicyclic gear
will be transfastened or crossfastened by the simple epicyclic gear, though,
all shafts will be led out also further.

The same process will be performed
also then, when the complex epicyclic gear
is transfastened to a one degree of freedom
one, but then the shafts which became kine-
matically too determined, are not led out,
since this is not needed (Figs. 34, 35 and 36).

At present all shafts are led out, since
just by the variations of the fastenings of these
do we obtain the individual stages.

For the doubly complex epicyclic gear
also three Figs. are obtained because at cross-
fastening, the complex epicyclic gear can be
straight and inverted as well.

The characteristics of the three variations
Fig.67. are:
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Fig. 68. Fig. 69.

A. Of the five shafts two are in direct connection with an epicyclic gear each,
two shafts with two epicyclic gears each and one with three epicyclic gears
(Fig.67).
B. Of the five shafts three are in
direct connections only with one simp- F;
le epicyclic gear each and the other T
two shafts with every one of the three
simple epicyclic gears (Fig.68.).
C. Of the five shafts one is in direct
connection with one epicyclic gear, while
four shafts with two epicyclic gears
each (Fig.69).

The third member of the simple

s
=

—{l<n

epicyclic gear connected-on increases the e—t—— e
number of shafts by one, so that the y
doubly complex epicyclic gear has five

shafts; the I and II, further two III Fig. 70.

(I1I} and ITI,) as well as the new shaft,

marked III. The change-speed gear of three stages has also five outside ele-
ments (the incoming and outgoing shafts and three brakes), to these must a
shaft each of the doubly complex epicyclic gear be connected (Fig.70).

For connecting the shafts several variations are possible and each of
these give a combination for the design of the change-speed gear of three sta-
ges.

Since the variation between each other of the connections with the brakes
do not give a new combination, for fastening in their shafts, at all three doub-
ly complex epicyclic gear types, theoretically only 20 variations are possible,
resp. of the five shafts it is possible to select two shafts each for the pur-
pose of connecting them to the incoming and outgoing shafts of the change-
-speed gear. For the change-speed gear of three stages, therefore, it would
be possible to have 60 combinations in all. In fact, however, those shafts of
the doubly complex epicyclic gear which are in direct connection with simple
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epicyclic gears of the same number, can be changed with each other, resp. are
able to substitute each other without changing the theoretical design of the chan-
ge-speed gear. Such are e.g. at type A the IIIy and I, also the II and III, at
type B the III; and i, also the II and III, at type B the III, and 11, ete.

It must be, further, taken in consideration that those variations at which
the difference in only that, that the incoming and outgoing shafts are changed,
i.e. they are each other’s reciprocals, also can not be looked at as new types,
ag by changing the direction of drive one can be obtained from the other.

Type A TypeB Type C
X |Brakes jy X |Brokes |y X |Brakes|y
+]+ + + + +[+ +
1.1+ [+ I+ ZH |+ |+ 01+ [+t
+[+]+ +[+ ++ ¥
+ |+ |+ + +H o [+ +
2. |4+ + S| 1+[+ 4] 111+ [+ [+
+[+[+ ++1+ i+
++ s H+! 1+ = +|+
3. LIHEFCH 8 ]+ 12. 14|+ +
+[+1+ +| |+[+ ++ |+
+ H+ +1+ +
g [ |HH T+ 13. ++H+
+]+[+ +[+[+
+ [+ [+ [+[+H+
S [+ 1+ 4.1 1+ [+i+
+[++ nd il
++|+
6 [ 1+ [+
+|+H+ Fig. 71.

Practically, therefore, at type A doubly complex epicyclic gear instead
of 20 in all 6 combinations, at type B 3, at type C 5 are possible, as it can
also be seen on Fig.71.

The Fig. well illustrates the connections of the individual epicyclic gear
members with the shafts of the change speed gear. The + signs mean the di-
rect connections. The horizontal lines correspond to an epicyclic gear each.
Following from the foregoing the lines can be changed optionally. Of the verticnl
columns the two extreme ones correspond to the incoming and outgoing shafts of
the change-speed gear, while the middle one to the three brakes.
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Fig.72.b.
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The three middle columns can be also optionally changed between each
other, therefore letters Fy, Fo, Fg were not indicated.

Outside of the 14 basic types shown in Fig.71 no other change-speed gear
of three stages with epicyclic gear and of constant inside design does exist.
Therefore all change-speed gears, those to be found in the literature or to be
plotted only in the future, can bel led back to one of the 14 basic types. Just
for this, it is expedient to describe in details the 14 basic types (Fig.72).

Of the individual change speed gear basic types, resp. of the stages of
them the following can be stated, assuming straight drive:

Type 1 The first two stages are two simply fastened epicyclic gears, the third
stage is an epicyclic gear prefastened by a simply fastened epicyclic
gear.

Type 2 The three stages consist of an epicyclic gear backfastened by a simply
fastened one, a simply fastened and an epicyclic gear prefastened by a
simply fastened one.

Type 3 The first stage is a simply fastened epicyclic gear, the second an epi-
cyclic gear prefastened by a simply fastened one, the third is a pre-
fastened epicyclic gear, where the connecting element is an epicyclic
gear transfastened by a simply fastened one.

Type 4 There is a complex epicyclic gear simply fastened in the first and se-
cond stage, in the third one prefastened by a simply fastened epicyclic
gear.

Type 5 The first stage is a simply fastened epicyclic gear, the second and
third a prefastened one, at the third stage, however, the comnecting
element ig a transfastened epicyclic gear.

I'ype 6 In all three stages epicyclic gears are series comnected: in the first
stage three simply fastened, in the second and third one simply faste-
ned and one epicyclic gear back- resp. prefastened by a simply faste-
ned one.

Iype 7 All three stages are simply fastened epicyclic gears, but at every sta-
ge another epicyclic gear will be simply fastened.

Type 8 The first stage is a simply fastened epicyclic gear, the second and
third one prefastened by a simply fastened.

Type 9 The first and second stage are simply fastened epicyclic gears; once
the one and then the other will be fastened. The third stage is a comp-
lex epicyclic gear crossfastened by a simiply fastened one.

Type 10 The first stage is a simple simply fastened epicyclic gear, the second
one prefastened by a simply fastened epicyclic gear, in the third sta-
ge an epicyclic gear transfastened by an epicyclic gear is backfaste-
ned by a simply fastened one. '

Type 11 The first and second stages are simply fastened epicyclic gears, the
third stage is an iverted complex epicyclic gear crossfastened by a
simply fastened one.

Type 12 All three stages are simply fastened epicyclic gears, in the second
and third stage, however, a complex epicyclic gear is simply fastened
at its IIIj, resp. III3 shaft.
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Type 13 The first stage is a simply fastened epicyclic gear, the second and
third are prefastened epicyclic gears, where the comnecting element
is a simply fastened complex epicyclic gear.

Type 14 In the first and second stages a simply fastened epicyclic gear and an
epicyclic gear fransfastened by a simply fastened epicyclic gear are
series connected. In the third stage an epicyclic gear prefastened by a
simply fastened one can be seen, where on shaft I1 also a connecting
element can be found which is likewise a simply fastened epicyclic
gear.

It must be noted that the sequence of the individual stages from viewpoint
of the type has no significance whatever. At a concrete motor vehicle change-
-speed gear the sequence here taken at random is used to be grouped accor-
ding to the increasing or decreasing row of the kinematical transmission.

35. Change-speed gears of four- and more stages

Already at the three stage change-speed gear a considerable number of
combinations presented itself. In case of four- or more stages the number of
combinations increases involution-like, there is no possibility any more to exa-
mine each individual combination, but this is needless at the same time, since
of our examinations performed up till now the laws of design can also be ascer-
tained and these can be presented in a table, resp. in a Fig.

¢

X| Brakes lg_ + 1+ [+
L HF [+ + o o
SolH [+ + + + +
S [#F[+ [+ - <
=T
G ++ 1+ }

Fig. 73. Fig. 74.

Fig.73 shows a grid consisting of n lines and n + 2 columns. (In given
case n = 4, but can also be more). The lines correspond to the epicyclic gears,
while the columns to the outside elements of the change-speed gear. The sign +
in the squares indicates the direct connection of the epicyclic gear to
the given outside element of the change-speed gear.

In this grid can be drawn in all variational possibilities of the binding-in
of the n pieces of epicyclic gears pertaining to the change-speed gear of n sta-
ge, according to the following rules:

1. In each line at least and max. three + signs will be drawn, since all epi-
cyclic gears have three members.

2. The + gigns will be distributed so that inio each column should be placed at
least one + gign.
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t H++ + [++
+i |+ [+ e + 1+ = [H+
+1+] |+ + 4+ i+ + |+ +)
+| [+ |+ + +i+ ++]+
+ + 1+ >
Fig. 75. Fig. 76.

3. In two or more columns only than can a + sign stand in itself if they are not
in the same line (Fig.75 e.g. is not adequate!).

4. Now let us transplant all + signs individually in an other square, taking the
foregoing three rules in consideration. If by the change of the changeable co-
lumns can not the original picture be reestablished, then we got a new combi-
nation. The lines, resp. the columns pertaining to the brakes, namely, can be
freely changed between each other, this does not change the theoretical design
(Fig.76) of the change-speed gear i.e. such combinations do not lead to a new
change-speed gear combination. (In Fig.77 e.g. the original picture can be re-
established, in Fig.75 not any more.)

+HH [+ [+ T+
H+ + ++~ |+
+ +| |+ + +| |+
+ [+ [+ + T+ |+
ot
Fig. 77. Fig.78.

By means of the grid shown in Fig.73 and of the taking in consideration
the above four rules of variation, all combinations of any stage change-speed
gears can be determined and examined.

In Fig.79 the general theoretical scheme of the change-speed gear of four
stages is presented. It follows from the foregoing, that the epicyclic gears in-
dicated can be numbered into four large groups according to the circumstance:
with which shaft of the change-speed gear are they in direct connection:

a/ with its both shafts (4 pieces)

b/ only with the incoming shaft (6 pieces)
¢/ only with the outgoing shaft (6 pieces)
d/ with no shafts at all (4 pieces).

Consequently, of 20 kinds of epicyclic gears in all could be that four se-
lected which we intend to use for the change-speed gear.

Analogously to Fig.79 the general schematic figure of the change-speed
gear of 5 or 6 stages also could be drawn, on which already 39 or 60 kinds of
epicyclic gears should be indicated, of which the needed 5 or 6 epicyclic gears
could be selected. Also from this may be seen how rapidly the number of com-



75

binations increases with the number of the stages. For practical purposes, ho-
wever, this has no significance any more, and therefore it will not be dealt
with here.

Let us mention once more, that the number of the stages of any kind of
change-speed gear can be completed with one - with the "direct'" - stage with-
out applying a separate epicyclic gear. The transmission 1:1, namely, can be

L 5 B o

Fig. 79.

simply obtfained, since only two of the outside elements of the change-speed
gear need be closed short. Two viewpoints must be considered at selecting
the main elements to be shortclosed:

a/ between which two outside elements (shaft, resp. brake drum) is the least
torque difference,

b/ between two outside elements can the shortclosing element {e.g. frictional
clutch) be built in most simply.
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4, CHANGE-SPEED GEARS WITH VARYING INNER DESIGN

Let us return to the kinematical basic transmission of the simple epicye-
lic gear, which was marked by b. For binding-in the simple epicyclic gear - as
it was dealt with in chapter II - there are 6 kinds of possibilities and accor-
ding to these, for the general kinematical basic transmission (for the B) 6 kinds
of values can be obtained at all individual simple epicyclic gears. Since at any-
one of the change speed gear stages dealt with up till now by changing the va-
lue of B also the value of the transmission will be changed, it is cbvious, that
by varying the binding-in of one and the same simple epicyclic gear the number
of the stages of the epicyclic gear can alsc be varied, resp. we can produce
such an epicyclic gear at which the change-speed can be performed by varying
the binding-in of the same epicyclic gear (permutation). Such a change-speed
gear is called the change-speed gear with varying inside design. This means,
that into the epicyclic gear with varying ingide design less epicyclic pears are
built than the number of such realizable stages the transmissions of which
differ from 1:1. [100, 101] .

Theoretically from a one
stage chanpe-speed gear (simp-

A
K

y _Fj‘ ly fastened epicyclic gear) a
change-speed gear of six stage
KiK. ¢ Ky KoKy can be developed, if the
| o construction gives possibility
g l‘ for the individual fastening of
i all three members of the epi-

ciclic gear, resp. for connec-
ting them to the incoming and
outgoing shafts. The change-
Fig. 80. -speed gear of six stages
built upon this principle would
utilize up to 100 per cent the possibilities inherent in the epicyclic gear; this
would be, however, a structure rather complitated.
At the execution shown in Fig.B80 e.g. four brakes, four simple-action
and two treble-action, essentially. therefore, ten clutches would be needed. A
further difficulty is due to the fact that from the outgoing shaft only by a gear-
ing can the drive be transmitted. At the individual stages the brakes, resp.
clutches enumerated in the following Table have to be coupled:

To the incoming To the outgoing

Te simply fastening

shaft shaft
1 Ky Ky +Fy Kg + Kg
2 K1 K5 + F1 Kg
3 K, Fy Kg +Kg
4 Ko F2 K10
5 K3 + K5 K7 + F3 Kio
6 Ks + K5 Fq Kg
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The epicyclic gear utilized up to 100 per cent, therefore, demands an ex-
aggerated number of complementary structures {coupling elements), moreover,
it is not probable that all the six transmissions meet the requirements raised
by the aim of empolyment. There is not too muech possibility for varying the
transmissions, since the selection of a single transmission determines also the
other five, though it may be anyone of the six. By decreasing the number of
the variable possibilities of binding-in also the number of the coupling ele-
ments (clutches, brakes) decreases. The optimal proportion will be obtained,
when for the coupling to the incoming and as well to the outgoing shafts the
actuation of a single clutch is sufficient and the brake drums are in constant
connection with the main elements to be disengaged, as it can also eb seen e.g.
in Fig.81. Here by the single epicyclic gear 3+1 transmissions are realizable
by actuating the following coupling elements:

In stage 1: K]_ + F]_ + K.4
In stage 2: Ky + Fy + Kj
In stage 3: K3 + Fz 2 K5

In direct: Kl + Ko + Ky
F kR &

I

—ln

IL
L]

Ki KzK; KyKs KiKaKs KiKsKg
E: N—L T%TI

X Y Y

Fig. 81. Fig. 82

The number of stages can be increased by using not a single simple, but
more or a complex, perhaps conjunct epicyclic gears.

By the complex epicyclic gear shown in Fig. 82 e.g. nine transmissions
can be realized. At the change-speed gear consisting of two epicyclic gears
and shown in Fig.83 already 18 kinds(!) of transmission can be obtained. At

such possibilities it is rather EEL

probable that among the 18 we - o

find 5-7 such stages which T

practically meet the require- K KoK K, l L Ksl'(sf(;
-

ments, the more so, as here ) | I l
the value of two of the 18 is !
freely chosen and namely of any T

two of the 18. Since by an epi-
cyclic gear of any kind dealt X 0]
with in chapter I, at any change- :

Fig, 83.
-speed gear stages can the to a
certain extent variable binding in be realized, the number of the producible com-
binations of epicyclic gears with varying inside design is exceedingly great.
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Finally let us mention that at these change-speed gears for the realiza-
tion of the direct stage no separate short-closing coupling element is needed,
since the built in coupling elements already give possibility for connecting to
the incoming or outgoing shafts not only a single epicyclic gear member each,
but simultaneously two and this already means the short-closing of the change-
-speed gear.

5. CHANGE-SPEED GEARS OF TWO MEMBERS

Of the different combinations of the change-speed gears of constant and
varying ingide design a newer type of change-gpeed gear can be produced. These
change-speed gears are developed not of combinations of change-speed gear
stages but of that of change-speed gears,and, therefore, they are called multi-
-gtage change-speed gears. Practically it is sufficient to examine the change-
-gpeed gears of two members. The change-speed gear of two members is pro-
duced by series-connecting two independent change-speed gears (Fig.84). Since

the transmisggions of the two change-

E’ ": E,' F:Fz' E" -speed gears give together the trans-
K, =?$ #?2 K, missions of the: change-speed gear
4 1 } E 1 ] of two members, the member of sta-
- — ges of the two members separately
and also together is less, than that
of the change-speed gear of two mem-
n s B Y pers. This means that still more sta-

ges can be realized by less epicyclic
Fig.84. gears.

For the change-speed gear of two members the following combinations
are possible:

1. both members are change-speed gears of constant inside design;

2. one member is a change-speed gear of constant inside design, while the
other of a varying one;

3. both members are change speed gears of varying inside design.

At the change-speed gears of two members the direct stages have speci-
al significance, as they are giving possibility for that, that the modification of the
members should be effective also separately.

Otherwise, it is charasteristic for the change-gpeed gears of two members
that always the simultaneous connecting-in of elements is needed.

The number of the possible stages of the change-speed gear of two mem-
bers, in adition of the direct, is:

n=(ng+1)(ny+1)

where n, and ny, is the number of the stages of the members (in addition to
the direct). In the practice the following cases can present themselves:
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1. two members of one stage:
Ng = 7
nb = 7

The member of the stages of the change-speed gear of two members is:
3, in addition to the direct (Cotal). The individual transmissions are:

I = la ip
i = g

7 = I
p =1

2. The one member is of one stage, the other of two:
Ng =1 ny =2

The member of the stages of the change-speed gear of two members is
5, in addition to the direct (e.g. Fig.85). The individual transmissions:

"'j = ig ipt

o E &k

iy = ia i K, K,
.f‘! L fa

g = ist

: : X @ \./0 [}
'k I'ig. 85

fﬂ - ’,’ .

3. Two members of two stages:

F E
ot
K Ke
ng =
ny =
T P

Fig. 86.

im
bin

NN

&
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The member of the stages of the change-speed gear of two members, in
addition to the direct, is: 8 (e.g. Fig.86). The individual transmissions:

It = lar bt ¥ = gz im = ip
g = a1 ipp ir = i i = i
: X af i ! b2
g = gz Ipt T = iaz I = 7

4. The one member is of two stages, the other has more stages than this:
ng =2 np = 3~6

At such multi-stage change-speed gears the two members are eventually
already structurally separated (the member of two stages is called then cross-
-country change speed gear too).

Of the change-speed gear of two members can also be told, just like of
the change-speed gears with varying inside design that all of their transmissi-
ons are not always utilizable. E.g. at motor vehicles the individual transmis-
sions must be in a certain connection with each other and in case of anyone of
the transmissions not fitting into this row, this will be left out of the coupling.
In spite of this the change-speed gears of two members are rather well utiliz-
able since by applying them epicyclic gears can be saved.
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IV. HYDROMECHANICAL CHANGE SPEED GEARS WITH EPICYCLIC GEAR

1. THE COMPLEX EPICYCLIC GEARS AS HYDROMECHANICAL
CHANGE-SPEED GEAR STAGES

11. The simply fastened epicyclic gear as hydromechanical stage

The complex epicyclic gear is called then a hydromechanical drive
stage when it has at least one connecting element which is some kind of hyd-
raulic power-transmission structure (hydrodinamical clutch or torque converter,
eventually a hydrostatic drive).

Of the three connecting elements of the simply fastened epicyclic gear
theoretically any one resp. any number of them can be a hydraulic clutch or
torque converter. In the practice, however, only that case is interesting when
either into the O or the == shaft is the connecting element inserted, while the
ifp is a simple mechanical clutch (brake) as it can be seen in Fig. 87.

resp. in Fig. 88.
] 1 |2 i |
M § Sy

r
Fig. 87.
¥ 12
X ! H '2—.;9 Ka T =Y
-
Fig. 88.

The complex epicyclic gear fastened in this manner is, after all, the
series comnection of a hydraulic element and a mechanical transmission. Such
hydromechanical stages are rather widely used in the change-speed gears of
motor vehicles.

The characteristics of the stages can be simply determined by means of
the previously given formulae.

The kinematical transmission is in general:
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In our case the value of 1., (Fig.87) resp. of the i, (Fig.58) is equal
to 1, while the transmission of the other connecting element is equal to the
hydraulic transmission, therefore, for both cases can be written that

i =i, B (149)

The formula of the torque transmission is:

o= (150)
B
It has no reason to examine the efficiency at the simply fastened epicyclic
gear considered that the losses of the epicyclic gear itself will be neglected
(ideal epicyclic gear), therefore:

T = Nx
In case of automatic connecting elements - such are the hydrodinamical
torque converter or the clutch - also the extent of the taken torque must be
examined, since this varies dependent on the kinematical conditions. The tor-
que taken by the hydrodinamic unit itself is characterized by the factor Asz
33, 35, 37, 39 etc.] while the torque taken by the complex epicyclic gear
by A, - This factor Ax in the above two cases will not be uniform.

According to Fig.87 the drive acts directly on the shaft, the torque taken
is therefore:

5 2
My = Msz = ¥ Az D" sz (Lol
where
Y - the weigth of the liquid

Asz — is the factor of torque-take up of the hydraulic ele-
ment, which is the function of Asz =f(iy

D - is the characteristic geometrical dimension of the
hydraulic element (generally its diameter),
nNs; the rpm of the pump impeller.

Since the Agz can be formed similarly to l_sz, we obtain

SR .. S (152)
Ae Y O° n? Asz

X
since
fix = Nsz
On the other hand, in Fig.88 the drive of the pump impeller is perfor-

med by modification, therefore the torque taken by the stage differs from the
torque of the pump impeller, i.e.

My =BMsz =B YA Il r® (159)
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Since
nsz =8n
5z X (154)
therefore
3 5 2
My = +8°Y Asz D ny (58
The factor of proportion, therefore is
Lo 5 Mx a 83 (156)
X 6} DJ n’f ASZ

For drawing the outside characteristics of the hydromechanical stage - as
can be seen - the Ag; = f (i) relation should be known, more correctly speak-
ing the outside characteristics of the hydraulic element. This is understandable
seeig that the hydromechanical element fundamentally retains the properties of
the hydraulic element, the mechanical part - the epicyclic gear - can only form,
modificate this [39].

For the sake of illustration let us take a sample-characteristic for the
hydraulic element and calculate with this. This method gives possibility for
drawing further conclusions.

At the hydrodinamical clutch the outside characteristic consists in its
essence only of A, =f(j,)For sake of simplicity let be

Asz = A (1 =i}) {hoi)

The characteristic can be seen in Fig. 89. where also the efficiency is
indicated.

;l n k.t.r n
w A 96

=~
1 o6 s/ INL g
M4l p 2 4 04
\ ! < k"
| T
0 04z G4 06 08 iy 0 0z 04 06 08 iy

Fig. 89. Fig. 90.

The outside characteristic of the torque converter contains more factors;
as a minimum factor ),, and Ay characterizing the torque of the pump im-
peller and the turbine wheel. For practical reasons instead of Ar the torque
transmission A / b i fe is used to be given. The efficiency curve also from
T/ ASZ H

these can be determined (n = -ky ip).



In Fig.90 the formulae of the two basic characteristics can be seen:
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Asz = Ao — iy

(158)

(159)

These sample-characteristics according to their character correspond to
the characteristics of the clutches and torque converters used in the practice.
The characteristics seen in Fig.91-94 were obtained on base of the samp-

le-characteristics.
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Figs 91 and 93 correspond to Fig.87, therefore the hydraulic element is
before the epicyclic gear. Of hoth characteristics can read off that the extent
of the values ) and 1l do not depend on the value of B, only its place does.
In other words, by varying B the transmission-range of the stage may be
tightened or widened, while, of course, incraeses resp. decreases the torque

transmission.
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Figs.92 and 94 correspond to the arrangement seen in Fig.88, when the
hydraulic element is after the epicyclic gear. This time the epicyclic gear in-
fluences already the incoming characteristics, i.e. beside tightening, resp. wi-
dening, the transmission range also decreases, resp. increases the extent of
the incoming torque. This can be said in other words also so, that the mecha-
nical transmission connected before the hydraulic element has also such effect,
as when the dimension of the hydraulic element would also be changed.

When such an effect is only partially needed, then the mechanical trans-
mission can be bulit in distributed in two parts partly before, partly after the
hydraulic element.

It has to be noted, that at the above examination in Fig. 87 and 88 beside
the straight drive the binding-in of the hydraulic element was also performed
straightly. There is, of course, also possibility for the reversed binding-in of
the hydraulic element (when the pump impeller is on the 2 side, the turbine
wheel on the 1 side), at the simply fastened epicyclic gear, however, this is
reasonable only then, when the drive is reversed too. In this case, however,
we get back to the two cases dealt with up till this point.

12. The transfastened epicyclic gear as hydrodinamical stage

121. General relations. The general scheme of the transfastened epicyclic gear
is shown in Fig.32. Comnecting elements can be applied in four places in all.
Only the insertion of the hydraulic connecting element into shafts O or ceo

does not give a qualitative difference related to the simply fastened epicyclic
gear, it results, however, a new type of hydraulic stage in the place of /j or
f'f, In the following, for the purpose of unambigouosness, we will put the first hyd-
raulic element always in the place of /7 . The possibility is not excluded,
that we should insert the hydraulic element in the place of /g series connec-
ted with a mechanical transmission, which can be understood also so that we
apply as connecting element a hydromechanical stage consisting of a simply fas-
tened epicyclic gear (Fig.87 or 88). Obviously, we can apply also more than
one hydraulic element, e.g. also in place of "IE .

122. Basic types. Let us commence our examinations with the most simple

case, when beside the hydraulic element there is no other connecting element,

i.e. I, = ioo =1/ =1 as it can be seen in Fig.95.
Taking in consideration, that the drive

can occur from two directions, further, that

also the hydraulic element can be bound-in

according to two manners, our examinations

ought to be commenced at once for four types. 0 I \’V!/j o0

In Fig. 96 are these four types illustra- i

ted: Fig. 95.
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Type &« : straight drive with a hydrau-
lic element bound-in stra-
ight

Type # : straight drive, with a hyd-
F 1 H raulic element bound-in re-
% versed

xT1\" )i =Y

..,
i [

Type ¥ : reversed drive, with a hyd-

57
H raulic element bound-in
) P straight
X oo '] M g y
T

Type & : reversed drive, with a hyd-

7 H | raulic element bound-in re-
e = T!\ versed.
79
Fig. 96.

In the Fig. for all four cases a torque converter is indicated, since at
this the change of the binding-in has greater significance. In case, namely, if
the direction of the binding-in does not correspond to the direction of the per-
formance-flow in that branch, then one can not calculate with a good efficiency
from the outset, since the wheel designed as a pump impeller acts as a turbi-
ne, and conversely too. The direction of the performance—flow‘(“iepends on the
values of j; /o and B, more correctly on the value of the_'d (1 —B) ex-
pression. F

XS

[N

Since in our case /jy =7 the jz =/, (in case of straight binding-in), resp.

J'E = _1 (in case of reversed binding-in) and from this follows, that in the ope-

1
rational range

0-:-:;&-:7

or .
."j}f

i.e. the value of /§ falls to a fixed interval, therefore the direction of the
performance-flow depends mainly on the value of B. Practically, certain values
of B, because of the direction of the performance-flow, demand a straight bin-
ding-in while its other values a reversed one.

This circumstance, otherwise, is clear in the following also from that,
that in the got outside characteristics the values of B (as parameters) will fi-
gure only within certain limits in the operational range. The curves pertaining
to the lacking B values are all positioned outside of the operational range, the-
refore they could not be indicated on the characteristics.
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123. The kinematical characteristics. The examination of the epicyclic gear
transfastened by the hydraulic element is started with the kinematical charac-
teristies.

The general formula of the kinematical transmission takes the following
form in our case for the four types:

. 17
type o == 7 (160)
N CASTH | N ) N
4+ 5) in
type 8 o ! 3 : (161)
T + (?— — "H
B B
type § : o 3 (;__7 1. (162)
B + B/ iy
type d Y. (1__7_);‘ (163)
) 8/"
For the sake of illustration it is worth while to show these relations on
a diagram.

In Fig.97 can be seen that at type o the curves pertaining to the B =
=0 1 values are going outside of the operational range. Naturally, in case
of reversed binding-in just these are going inside the operational range (type 8

- Fig.98). Otherwise, the operational ranges of type & and of the hydraulic
element itself are conform to each other, while the operational range of type
# beside the increasing B value, will be shortened so, that the beginning of
the range gets far from i = O, just until the B value, i.e. iy = B. This means
practically that the hydromechanical stage of type ﬁ can not be used for the
starting of motor vehicles, since also the outgoing shaft has to rotate already,
with a certain rpm, when this stage will be coupled.

Of type o it is to be also noted that in case of B = - 02 i = iy, which
corresponds to the case when there is no epicyclic gear, i.e. the performance
goes through exclusively the hydraulic element.

At type § - similarly to type 8 - the limits of the twe operational ran-
ges also do not correspond (Fig.99), but here, in case of the values of B dec-
reasing, the transmission range of the hydraulic element will be shortened, un-
til the value j, = _.91'

+

Otherwise at this type, in the onerational range, an epicyclic gear of 1>B=>0
basic transmission can be used. Decreasing of the operational range of the hydraulic
element results in that, that the commencing section of its characteristics, will be
left out of account.

Type 4 has the most simple kinematical characteristics, where the re-
lation between the two transmissions is linear (Fig.100).

A further advantage of it is, that both operational ranges can be decrea-
sed, but so, that the section lying outside of the operational range does not ta-
ke a position too far. This means, that in certain cases - when the character-
istics of the hydraulic element is advantageous e.g. in the vicinity of i, / O -
the outside characteristics of the hydromechanical stage can be improved.Other-
wise outside of 1>B>O limits all B values pertain to the operational range.
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Fig.99. Fig.100.

Also at type d there is such a B value - sir}rﬂlarly to type X - when
the epicyclic gear's role will be superfluous (B = - o2 ) and the hydraulic
element remains alone. '

Otherwise at all four types can be said that the hydraulic element will
prevail the stronger, the nearer the kinematical characteristics proceed to the
straight line (0,0) - (1,1).

124. The outside characterigtics. After the examination of the kinematical cha-
racteristics let us determine the ocutside characteristics of the hydromechani-
cal stage, i.e. the relations

a/ k = f (i) (164)
b/ o= f ) (165)
o/ N\o= f ) (166)

which show in the function of the kinematical transmission the changes of the
torque transmission, the efficiency and the torque take-up factor. The examinat-
ion of the first two, as a matter of course, is reasonable only in case of a
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torque converter. Since, however, the outside characteristics of the hydraulic
element are needed also here, we will use the sample-characteristics taken at
the examination of the simply fastened epicyclic gears.

a/ The torque transmission. The torque transmission’s (95) general formula ta-
kes the following form in our case for the four types:

. 1
type ol k (?--a)k”"a_ (167)
“fr-1) 1 _ 1
typeﬂk_(f 8) T (168)
1
type k=—”—r——-I (169)
(-5
i
typeJk,ﬁ(__L)‘z—_ (170).
B ] hy

We want, however, to obtain the torque transmission in the function of i.
By usging formulae (159) and (66) we obtain:

7
1 e
Yy B | __1 -
type k 3(1 B) 7 T 1 5 (171)
f B
. 1 7
type Rt s —~3 g (172)
N Sy B
B i B
7
type k= ; {173)
3pﬁ491_£j£._i
B 1 1| B
i B
type K = -t . (174)
3 T B
I N 1
B T B

By meang of the formulae one of the most important part of the charac-
terigtics, the curves of the torque transmission can be drawn (Fig.101-104).

In Fig.101 the curves of type & may be seen. The original torque trans-
mission of the torque converter pertains to B = -o2 . When the value of B is
decreased then the characteristics originally straight become concave from be-
low, the left-side end slides lower, while the right-side part of the curve approx-
imates the ideal parabola. In case of increasing B value the opposite will
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happen, the curve becomes convex and the right side part moves away from the
hyperbola, moreover, when the negative B values are nearing the O, already
the whole curve deviates to the left, resp. moves away from the hyperbola.

In Fig.102 the decreasing of the operational range can be seen rather
well. It can be seen as well, that at type B not beside any B value do we ob-
tain the original characteristics of the torque converter, all curves are conca-
ve from below and generally exaggeratedly steep and also in their character
they are far from the ideal hyperbola.

Fig.103 differs basically from the former inasmuch that here the curves
are generally exaggeratedly flat. It is their common property that in case of
greater B value they are nearing very much the hyperhola in short section,
which results in that place in good efficiency.

In Fig.104 the characteristics of the type d are shown, which is very
similar to that of the type & . The basic difference lies in the shortening of
the operational range. Moreover, such great torque modification can not be ob-
tained by it as by type o , but the hyperbola is approached in a greater ex-
tent and in a longer section.

b/ The efficiency.From the characteristics of the torque modification can be
derived the efficiency curves, since =i k. Figs.105-108 were plotted by

utilizing Figs. 101 -104.
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When comparing the four efficiency curves, the following evaluation can
be given. Efficiency of the type ¥ is the least advantageous (Fig.101) because
it hardly rises over the straight line of 45° which marks the efficiency of the
clutch. It is obvious that it is not expedient in such case to apply the rather
more complicated change-speed gear. The shape of the efficiency curve of the
type & is more advantageous, but not as much as that of the type d

The latter, namely, partly gives a better efficiency, partly this better
efficiency is realized in a more wide interval. The shortening of the operatio-
nal range which appears at the type d does not represent any disadvantage in
most cases. The shortening appearing at the type # , however, is of conside-
rably greater extent, but it gives towards the middle of the operational range
a rather good efficiency.

¢/ The factor of torque take-up. An other decisive part of the outside charac-
teristics is the curve of the factor of torque take-up, the )x =f (i)
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Fig.107. Fig. 108.
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Considering that the torque take-up of the hydromechanical stage depends

on the hydraulic element, at first the relation

Ax =f (Asz)

must be determined. Let this relation be of the shape of

Ax =V Asz

(175)

(176)

where V is the proportion-factor which may depend on the value of B, iy, kg,
i and k. For determining the ¥ let us write the torque appearing on the shaft.

At type of  (Fig.96), taking in consideration the expression (33):

M ~Msz _ —¥ AszD°n’
L Vet Ry e i
B B~ B
Since
n
Nsz = _‘,2‘ -1y %
H H
therefore X)‘.SZ Dsnf “2
MX l 1 .2
7—? ’H
From this
Mx 7 j2
Ax “y0°nl T SR Asz =V As;
X 1- B H
wherefrom
7 i
LS ey
1~ _é_ .*H
At type 8
5 2
M M Mg _ =Mr e ky Msz — kgé’;{.szD Nsz
577 B by 1k
Since here
Nsz =Ny = 1Ny
therefore

(177)

(178)

(179)

(180)

(181)

(182)

(184)

(185)



from this My - 7 ] =v)
M= Y% o "k sz (186)
wherefrom g e
V= iy e
B
At type 3’
5 2
Mg L m P o MR o Mz 6D g (188)
= k k{EL_;) k(‘é“) (? % i)k
Since
. AT (189)
N5z T in
t
herefore -
1 ¥ )(,57_0 Ny (190)
.MX & ’_i k ’2
B H
and from this
Mx : L (191)
A=Y D2 1*;‘5— kig 7
. wherefrom
iiem 1 7 (192)
L kiy
At type 8 :
2
kn¥ Asz0°n
SR v T T )
Since pn;, = ny therefore
7 K 5 2 194
Me=TL 5 ¥AaD 0% a9
-3
and from this
My  _ 1 Ku Az (195)
Ax ¥ 0°n? gl K



wherefrom

5 i _ku (196)
el k
8

with the help of formulae (182), (187), (192) and (196), on base of the sample-
-charactertistics, the torque take-up characteristics of the hydromechanical
stages were plotted (Fig.109 - 112).

At all four types it can be unambigously stated that the torque take up
varieg dependent on B, according to a character nearly similar. Basic diffe-
rences between the four types - not counted the shortening of the operational
range - do not exist.
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Fig.111. Fig.112.

At all four increases the torque take-up when selecting a B value result-
ing in better efficiency.

The characteristics of torque take-up expediently are determined also in
case of a clutch, resp. it is even necessary. These can be seen in Figs. 113 -
- 116 for all four types, also on base of the sample-characteristics.
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125, Amplified types. In our examinations up to this point we have taken as a
base the simple case of the transfastened epicyclic gear when /o=/oo=/jy =1

In the following our examinations will be amplified and we will take in
consideration also further connecting elements.

The effects of iy and i need no separate examination, since this was
already performed at the simply fastened epicyclic gear. On the characteris-
tics of the transfastened epicyclic gear, namely the io and i oo transmissions
have exactly the same effect as on the characteristics of the single hydraulic
element. All which were said there, are valid also here without any change.

Before examining the effect of fz , let us look at at the case, when
the comnecting element used for the transfastening of the epicyclic gear is not
a single torque converter, but a torque converter and a mechanical transmis-
sion, in series connection (Fig.117). Of the possibility of this, attention was
called for already previously.

H [

) = ==

M F =
Fig.117.
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Let us mark the transmission series connected with the torque converter
by ¢. In formulae (160 - 163) the i, will be the factor of iy in case of straight
binding-in, while in case of reversed binding-in the divisor of iy. In Fig.118
we have plotted the efficiency curves of type & stage, in case of B = 2 at dif-
ferent i, values. (Naturally, the curve pertaining to i, = 1 can also be found
in Fig.105). As it can be seen, beside increasing i, values the efficiency cur-
ve will be deviated to the right side, while the curve rises to the maximum.

In case of decreasing i, values the variation is the opposed one.

These same curves ought to be plotted also for other B values, in this
way, however, we would get a figure rather hard to survey. So, instead of
this, only the geometrical place of the maximum-points will be indicated. In
Tig.118 the dashed line marked by B = 2 already gives the place of the maxi-
mum-points, at optional i and B = ¢ values. In Fig.119 the same was extend-
ed also for an optional value B. This diagram illustrates the place, where
the maximum of the efficiency curve would fall in case of different B and i,
values. If e.g. B = 2 and i = 0,5, then the maximum efficiency falls to point
M, and to this line pertains the efficiency curve plotted by a dash- and dot li-
ne.
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Fig.118. Fig.119.

It can be seen, that by varying the ip and B the efficiency curve - within
certain limits - can be deviated to an optional place. {The original efficiency
curve of the torque converter is indicated by a thin line.)
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The curves of the efficiency-maximums were also plotted for the /3, ¥
and d type stages (Fig.120 - 125). The diagrams of types Vel and 4
show an especially advantageous picture. In both
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Fig.122. Fig.123.

cases, namely, the maximum-point can easily be deviated to the left.

After all these, also the effect of transmission can easily be stated,
Let us transform the formula of the kinematical transmission in case of one
type, e.g. of 4 .
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Fig.124. Fig.125.

The formula of the kinematical transmission (66) for type d is If =1
ic

but in case if g == it is the following:
TH
Wy _ e _ 1 | 1 (,__1) in ——
i wx Woo ly loa| B * B ip asm)

while in case of /, = /oy =/ =1

. . L (198)
/ B +(? B)’H
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The right side of the latter equation multiplied by —i is:
'F

S N DA ST A o (199).
! f;[8+(7 B);”f—‘]

Comparing equations (197) and {199) it can be seen, that II =15l

resp. If = % j

: iy foe = = (200)
le

which put into words means that a single transmission fj has exactly the same

effect as an /, /oo and an i, transmission together, if between the latter

two the relation (220) is valid. In other words, in the case whenjp jop = ——

then the two transmigsions can be substituted by such a single transmission e

the value of which must be equal to /, /.,

Application of ;j therefore, in certain cases makes the saving of a cons-
tant transmission possible. (This principle, otherwise, was patented by the Hun-
garian National Office of Patents [37].)

The effect of /7 can also be studied on the characteristics obtained up till
now (119, 121, 123 and 125 figures), where the different i, values are already
indicated. The geometrical place of the efficiency maximums which will be found

on curve ;}'::_;'?T in case of applying /7 will be only horizontally deviated and

that in the proportion of the ff In Fig.126, for an example, for the /,/e0=2
case the efficiency characteristics of type d can be plotted, which in the sen-
se of the abovesaid was constrained in proportion of /fp/oo=2 (See also
Fig.125!). In this Fig. the possibility f =2 can be examined.
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Fig.126. Fig.127.

. 7
We find the efficiency maximum pertaining to it on the /p = —q— =05

curve, which in this case is a vertical straight. When taking the value of B,

as an example, for 2, then the efficiency maximum % mgqy =0,87For the sake of
illustration the characteristics showing directly the effect of Iz are separately
plotted (Fig.127). It can be seen that the efficiency Wpge =0,75 of the sample-
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-characteristics which pertained to i = 0,5, by suitable selection of iy and B,
can be deviated to an optional place. As an example, the efficiency curve the
maximum of which falls to point M and which was obtained in case of B = 2
and 4y = 5 was drawn-in.

13. The cross-fastened epicyclic gear as hydromechanical stage

The examination of the epicyclic gear cross-fastened by the hydraulic ele-
ment, was performed only recently. The first reference to it was done in the
papers 97, 99 of the author of this study, after this only in the short study
of Seeliger do we find any trace of their existence.

For the examination of the epicyclic gear cross-fastened by the hydraulic
element we will use likewise the relations deducted in Chapter II [99]. For
plotting the kinematical characteristics we will start from formula (79):

1 1.

o We _ I—gr + grln (201)
o y 7 o ) i
g" ~ g™

which was obtained by substituting iy = ig-

As it can be seen, here are three independent variables as against the
two independent variables of the transfastened epicyclic gear. Comparing it to
the transfastened epicyclic gear, a further difference is, that here neither the
reversed drive, nor the reversed binding —in of the hydraulic element has any
significance, since the cross-fastened epicyclic gear - like the simply fastened
one - is of simmetrical design.

Plotting of the kinematical characteristics - the graphic illustration of re-
lation (201) - is because of the three independent variables somewhat difficult.

It seems to be the most simple solution to plot separate characteristics
to each different M values, where the curves /= f (fy) pertaining to different

-8 do not have a disturbing effect any more. For the sake of simplicity
only six 8" values were taken: 8"=(~0,5);(~5);(0,1);(0,5);(1);(5) These va-
lues were selected so that they should present characteristically the influence
of B moreover, they should also well illustrate the cases pertaining to the
critical 8™ values (Figs.128 - 133).

| 8'=-05 o, B==5
([ ' --"""'-f l _-i _,_,....-----""""-”-'l
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0 all 0 / ]/
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Fig.128. Fig.129,
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In Fig.128 the curves pertaining to the BM = —5 can be seen, which are
near to the curves pertaining to the g— — oo which otherwise would be straight.
The curves seen here, compared to the straight, are from below somewhat
convex. When comparing this Fig.128 to Fig.100, the similarity will be
apparent, moreover, if B": —oa is taken in consideration, then the charac-
teristics are in their shape completely conform. The difference is merely as
much that to the same straight not the same 8 values pertain (e.g. in Fig.
100 the oblique straight of 45° pertains to the B = *eeo, while in case of the
crossfastened epicyclic gear to the B =7 ). This means that the crossfastened
epicyclic gear in case of B"= —oo will be transformed to a transfastened epi-
eyclie gear of the Lype d  with the difference that the shafts [T and I of
the epicyclic gear g% are changed.

This transformation happens therefore, because shaft Il of the epicyclic
gear M in case of 5 = —oo ceases to function, i.e. shafts I and Il of the
epicyclic gear become in rigid connection with each other. The difference being
in parameter B" occurs because of the shaft-change, that, however, does not
change the essence.
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In Fig.129 merely as
much change can be seen com-
pared to Fig.128 that the con-
vex shape of the curves beco-
me rmore prevailing, which -
continuing the former thought -
means that the characteristics
of the crossfastened epicyclic
gear along with the nearing of Fig.134.
the 87 from - oo to o, will be
ever less similar to the characteristics of the transfastened epicyclic gear of
the type 4

When the value of the 8" rises over O, the character of the curves will
be changed. In Flgs 130 and 131 the character of the curves is well discernible:
at iy -1 —8 a vertical straight will be obtained which, otherwise, per-
tains to 8" = 3 From the right and left of this straight a set of curves with
opposed curvatures. are seen. The set of curves on the left side along with the
increase of the B will ever more become similar to Fig.99, while in case of
B'=1 (Fig.132) it is already identical to it. This means that the crossfastened
epicyclic gear then will be transformed again to a transfastened one of the type
¥ , since now the shafts T and II of the epicyclic gear M are rotating together
(Fig.135). By increasing further the B" the curves begin to be straightened
again and to get similar to Fig.128, only with an opposed curvature (Fig.133).
This means that at B” =oco we arrive again to the backfastened epicyclic gear
of type d

When examining the critical 8" values, similar coneclusions can be drawn,
but this time we may obtain prefastened epicyclic gears. Let us e.g. look at
the curves pertaining to BY=7 in Figs.128, 129 and 133. As can be seen, the-
se may be’ found together also in Tig.97 where to the different values B the valu-
es B" found here do correspond. In case of BY=1 therefore, the crossfast-
ened epicyclic gear will be
transformed to one prefaste-
ned and of the type o (Fig.
136). In Fig.98 also the cur-
ves pertaining to B"=F oo
in the Figs.128 and 129 can
be found, though here the va-
lues B do not correspond to
the values 8" because of the
shaft-change (Fig.137). Inde-
pendently of this in case of
B"'= *oo the crossfaten-
ed epicyclic gear will be
transformed to a prefastened
one of type £

Sumiming up the above,
it can be stated that the corss-
fastened epicyclic gear is no-

Fig.135.
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thing but the amalgamation of the transfastened epicyclic gears of the types & ,
B ¥ and 4  as components.

The composition, i.e. the proportion of part-taking of the individual com-
ponents depends on the value of and B" The characteristics of the cross-
fastened epicyclic gear can be shaped optionally by varying the value of the two
B-s and certain properties of the characteristics of the individual components
can be prevailing or pushed into the background. When necessary, any one of
the components can be produced also alone. This gives a new understanding al-
so to the transfastened epicyc-
lic gears, since they, accord-
ing to the above, can be con-
sidered as special cases of the
crossfastened epicyclic gear
(naturally, also in case of pure-
ly mechanical connecting ele-
ments!).

After all these, let us, as
an example, examine in some
cases the variations of the tor-
que transmission and efficien-

In Figs.138 and 139, in case of B"=5 the two cha-
racteristics are seen. They are characterized by the great extent of the short-
ening of the operational range in case of more adventageous efficiency as it
otherwise follows also from the kinematical characteristics (Fig.128). For Figs.
140 and 141 the advantageous torque trans-
mission resp. efficiency is characteristic

Fig.137.

v which occurs around B8"=-05. It is ex-
-k \ | perienced already here, but at 87=5 (Figs.
31 \J 142 and 143) it presents itself all the more that
X the curves do not run along the complete ope-
24 f\.\_ rational range as it would follow from the ki-
| S nematical characteristics (Fig.138).
1. l —— The cause of this is that the torque trans-
| mission resp. the efficiency curves become
0 _ over a certain value i irrational.
q |0r‘l ge { Let us examine e.g. the curve BY=02
<f ] of Fig.142 apart (Fig. 144). The curve starts
l from point i = O, k = 2, at approx. the i =
2] | = 0,3 goes through the basic line and approx-
imates the vertical assimptote at cca i =

Fig.144. = 0,4. To the right of the assimptote the
curve again is continued in the upper part,
above the ideal torque converter hyperbola. To such torque transmission would
pertain, of course, an efficiency better than 7 = 1.

When, however, the direction of the pertormance-flow is examined (dis-
pensing with the deduction), it will be clear, that in this operational range the
hydraulic element is in rational service: though the kinematical transmission
falls between O and 1 (in the operational range), moreover, the torque trans-
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mission kyy also corresponds to characteristics ky =f () i.e. the ky falls
between (-s) and O, this negalive value is, however, obtained not so that the
torque of negative sign acting on the turbine wheel will be divided by the torque
of positive sign acting on the pump impeller, but in the reversed manner.
The change of sign has no effect upon the sign of the quotient, but it reverts
the operation of the hydraulic element: the performance comes-in on the tur-
bine wheel, inside more performance will be added to it, then the increased
performance goes oul on the pump impeller. The hydraulic connecting element,
of course, is umnsuitable for such role, just therefore, in Figs.138-143 the
irrational sections of the curves were not plotted.

2. DESIGN OF HYDROMECHANICAL CHANGE-SPEED GEARS IN
PRINCIPLE

We talk of hydromechanical change-speed gear then, when among its sta-
ges at least one hydromechanical stage can be found.

There is, therefore, for designing a hydromechanical change-speed gear
only one way: the selection of one of the stages described in the foregoing pa-
ragraph. (The socalled direct stage is also here not counted as a separate sta-
ge.) So the theoretical design of the change-speed gear of one stage can be of
three kinds, depending on that, whether a simply fastened, transfastened or
crossfastened epicyclic gear will be selected. In connection of the application
of the simply fastened epicyclic gear it is worth-while to'mention an interest-
ing variety. In Fig.145 we can see such a hydraulic element which has two
outgoing shafts independent of each other. Into one of the ouigoing shafts a
simply fastened epicyclic gear will be inserted,
the two shafts will be unified. Naturally, also
into the other outgoing shaft can a simply fas-
tened epicyclic gear be inserted, moreover, one
more after the uniting of the two shafts. There
can be imagined such a hydraulic element, which
has three or more outgoing shafts, so the design
% of the change-speed gear may be processed still

Fig.145. further.

The change-speed gear of two stages has two basic types:

a/ one hydromechanical stage + one mechanical stage (HM+M)
b/ two hydromechanical stages (HM+HM)

As the mechanical stage of the first type, any stage dealt with in Chapter
III may come in consideration, for the hydromechanical stage the abovesaid
are valid.

At the second type the two hydromechanical stages can be of identical or
of different design.

The formula of the change speed gear of three stages is according to the
foregoing:
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a/ HM + M + M
b/ HM + HM + M
¢/ HM + HM + HM.

The number of stages can be, of course, further increased, only that
must be cared for that the hydromechanical stages should always be the commenc-
ing ones. The selection of the type of the hydromechanical stage is possible
only after the critical examination of them was performed. This critical exami-
nation, however, exceeds the limits of this study, we should like only to call the
attention to some viewpoints. It-can be stated generally that the different spe-
cies and types of the hydromechanical stages have different advantages and dig-
advantages, so every one of them can be used maximally for one or two pur-
poses. When remaining at the motor car drive then it can be stated that e.g.

a/ it is not expedient to apply a transfastened epicyclic gear as the start-
ing stage of the change-speed gear, since along with the increasing of the torque
modification the efficiency decreases. For this purpose is the simply fas-
tened epicyclic gear the most suitable, where the mechanical and hydraulic ele-
ments are series connected, because there the efficiency will not change:

b/ as a speeding-up stage the simple torque converter is the most ade-
quate or eventually the transfastened epicyclic gear of type 8 or o

¢/ as a final stage it is expedient to use the transfastened epicyclic gear
of the type & perhaps that of type B :

d/ the stages of the type of and ¥ are mnot suitable for use in the
change speed gear.

To illustrate the above two sample-characteristics are presented.

\
‘0.'8 IW qg
k /y’-:"\ k /’Y\ 7N A
4 04 4N 04
[ I RN
2 Nt 02 2 N L
V =] E T~
—
0 02 04 06 08 ( 0 92 04 Q6 081
Fig. 146. Fig. 147.

In Fig.146 the three stages are the following:

Stage I: series connected B + 0,5 epicyclic gear
Stage II: torque converter, alone
Stage IIl:  transfastened epicyclic gear of type d (B = L,5).
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In Fig.147:

Stage It series connected B = 0,5 epicyclic gear
Stage II: transfastened epicyclic gear of type § (B = 0,35)
Stage III: transfastened epicyclic gear of type d (B = 2).

[}

In both Figs. the change of the modification factor was also plotted.

It must be noted that in practice torque converters of much better effi-
ciencies as the sample-characteristics are produced, so that in the reality
much more advantageous results may be obtained by the epicyclic gear combi-
nations.

The advantageous result will, however, appear only then, if we use few
epicyclic gears, because in the reality also the efficiency of the epicyclic gear
must be counted with.
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V. EXAMPLES OF CHANGE SPEED GEARS WITH EPICYCLIC GEARS

1. MECHANICAL CHANGE SPEED GEARS

As can be seen from the foregoing, incalculably various cases of epicyc-
lic gears may be possible, just therefore was the analysis needed. As a result
of our researches, any epicyclic gear existent or to be produced only after-
wards can be examined by an uniform method, its place in the system can ex-
axtly be determined and its properties outlined beforehand.

We can not offer here the illustration of all existent or up till now desig-
ned change-speed gears with epicyclic gear, we can present only a few, more
known examples, selected at random.

In Fig.148 an old change-speed gear can be seen (102] which is also
of constant inside design. Accordingly, in the change-speed gear four simple
epicyelic gears can be found. This generally known Wilson change-speed gear
corresponds to the type 3 of Fig.72. The Wilson change-speed gear of five
stages also was plotted (Fig.150) which is a further developed variation of the
former; it got one more stage prefastened by a simply fastened epicyclic gear.

As a deterrent example also the change-speed gear of four stages consist-
ing of a severalfold-complex epicyclic gear is shown in Fig.151. [’?4] the ba-
sic fault of which is that it has too many geared wheels, parttaking in the drive,
in all stages.

The two following examples show the beginnings of the change-speed gear
of varying inside design. In the change-speed gear of three stages of Fig.152-
[75] only one epicyclic gear is found. The two clutches on the incoming shaft
pive possibility for certain permutation. The first two stages still are identical
to the third basic type of Fig.66, while the third stage is the result of the
changed binding-in of the epicyclic gear M.

In Fig.153 the Hobls "Mechamatic'' change-speed gear is presented. At
this the fourth stage is obtained by changing the binding-in of the formerly al-
ready utilized epicyclic gear O. The first three stages otherwise correspond
to the 8th-type of Fig.72, with reversed drive.

A tipycal example for the change-speed gear with varying inside design is
the change-speed gear plotted at the motor vehicle faculty of this University
[100]. As it may be seen in Fig.154, this construction can have 18 stages in
all.

The selection of the needed six stages and the determination of the values
B pertaining to it can be performed most simply by the help of an electronic
computer.

The Cotal change-speed gear was already mentioned in the chapter about
the change speed gear of two members 102 . In Fig.155 can be seen that this

structure is, after all, a change-speed gear of three members., The first three
stages are obtained by the variation of the two last stages, while the reverse
gear is secured by the instep of the first member. As a matter of fact, for
the reverse gear we obtain also three stages but of them only the first is used,
the other two were not plotted at all.
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2. HYDROMECHANICAL CHANGE-SPEED GEARS

As already mentioned, in the most simple type of hydromechanical chan-
ge-speed gear simply fastened complex epicyclic gear is applied, where then
hydraulic connecting element is inserted into the incoming or outgoing shaft,
i.e. the hydraulic and mechanical elements are series connected. A further de-
veloped variation of this is, when the mechanical element is a change-speed
gear of more stages which may contain not only simply fastened epicyclic gears,
but essentially any type of the mechanical change-speed gears described in the
previous paragraph can come in consideration.

In Fig.156 the "Dynaflow" driving gear 103 is shown, where the mecha-
nical part corresponds to the 2 basic type of Fig.66.

The Kreisler Zil 111 change-speed gear was produced by the series con-
nection of type 3 of Fig.66 and a hydrodinamical torque converter. (Fig.157)
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A very interesting application of the complex epicyclic gear may be met
with at the Studebaker type of 1950 [69], where outside of the normal utiliza-
tion of the complex epicyclic gear consisting of two simple ones (the first and
third stages correspond to basic type 2 of the third stage) by shortclosing of
the one of the simple epicyclic gears a third stage is obtained (Fig.158). Be-
cause of the possibility of shortclosing, the shaft III of the two simple epicyc-
lic gears are not definitely connected within the epicyclic gear, but by a clutch
Ko outside of it, which, when necessary, can be released.

For shortclosing, the clutech Kg is released, and by clutch K; the opened
complex epicyclic gear will be crossfastened (second stage).

The same principle may be seen in Fig.159 too [89], where, however,
the complex epicyclic gear, which can be opened, was used for transfastening.

The beginnings of the change-speed gear with epicyclic gear and of va-
rying inside design can also be found in hydromechanical variation e.g. at the
families "Torque-Flite' 44 and "Fordomatic" ]'_103].
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In Fig.160 (Torque-Flite) the basic type (the first two stage) is the 3.va-
riation of Fig.66.

The third stage was obtained by the changed shaft-binding-in of the epi-
cyclic gear M.

In Fig.161 (Fordomatic 1949, Mercomatic 1951, Cruise-O-Matic 1958,
Turbedrive 1955, Volgomatic 1956, Csajka 1960, etc. etc.) essentially a change
speed gear of the same theoretical design can be seen, only here the comp-
lex epicyclic gear is at the game time a conjunct one.
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Fig.162 pertains also to this group, it is, however, interesting because
in the conjunct epicyclic gear bevel-gearing was applied and the permutation
is performed by the outgoing shaft |73].

A beautiful example of the change-speed gear of two members is the Po-
wermatic (55 ] driving gear which has outside of the "direct" seven stages (Fig.
163). One member of the driving gear is an epicyclic gear which can be simp-
ly fastened resp. shortclosed, its other member is a change-speed gear of
three stages according to basic type 2 of Fig.72 which can also be shortclosed.
The seven stages are produced according to the following.
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If the first member is shortclosed, the second member gives three sta-
ges. If the first member is fastened, together with the second member again
three stages are obtained, finally the first member alone (the second member
shortclosed) gives the seventh one. In Fig.162 (because of the lack of space)
only five stages are indicated, the lacking two can be obtained (both are re-
versed ones) by the drawing in of the Fy with the simultaneous coupling in of

Ky resp. Fy.
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In the previous chapter was mentioned that there are hydraulic elements
having two (or more) outgoing shafts. These, of course, must be united, but
before this a simply fastened epicyclic gear can be inserted (Fig.145).

In Fig.164 for the first moment a such case seems to be shown, in the
reality however, the case is that of the three rummning wheels being in the tor-
que converter two, the guide wheel and the turbine wheel change their roles at
the change-over from the one stage to the other. Essentially, both stages are
simple series connected hydraulic and mechanical elements [71 1
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In Fig.165 the hydraulic element really has two outgoing shafts ESO]‘ In
the first stage two simply fastened epicyclic gear flank one hydrodinamical tor-
que converter (the other outgoing shaft of the hydraulic element is fastened here),
the fourth stage is of the same design, only here the other shaft of the
hydraulic element is fastened and as a consequence the binding-in of the epi-
cyclic gear N (i.e. its transmission) was also changed. In the second stage
only one simply fastened epicyclic gear ig series comnected to the hydraulic
element. Only in the third stage can be the case met with that the shafts com-
ing out of the hydraulic element are united, before this, however, into one of
the shafts a simply fastened epicyclic gear is inserted.

Of the two stages of Fig.166 the second one is similar to that shown in
the preceding Fig., the first, tough, differs from it inasmuch, that before umif-
ing the shafts coming out of thé hydraulic element, not a simply fastened epi-
cyclic gear but one prefastened by a simply fastened epicyclic gear is inserted
into one of the shafts [90].

The driving gear seen in Fig.167 has two hydraulic elements with outgo-
ing shafts in all their four stages, and to this are four complex epicyclic gears
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of different transmission series connected: in the first stage an epicyclic gear
prefastened by a simply fastened one, in the second stage a simply fastened
epicyclic gear, in the third stage an epicyclic gear prefastened by a hydro-
mechanical clutch and in the fourth stage 2 simply fastened epicyclic gear again.

In Fig.168 a doubly complex (moreover, a concjunct) epicyclic gear is
seen (see also Fig.68) of which a simply fastened simple epicyclic gear will
become in stages 1, 2 and 5, resp. a simple epicyclic gear backfastened by a
hydraulic element in stages 3 and 4. Between the 1 and 2, resp. the 3 and 4
stages the difference is rendered by the epicyclic gear M fastened before the
hydraulic element.

In Fig.169 essentially the same change-speed gear is seen, only the de-
sign of the concrete epicyclic gear is else, further the epicyclic gear M fast-
ened before them is lacking [70].

Again two similar, moreover, in their theoretical design completely iden-
tical change-speed gears are presented in Figs.170 and 171. The one is a Re-
nault [103] the other a Brokhause-Salerni [51] change-speed gear. Not much
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more complicated is the driving gear seen in Fig.172 [72] the hydraulic ele-
ment of which shows some affinity to the hydraulic element described in Fig.

163.

Diwabus [53 ,

In Fig.173 the theoretical design of the well kown Hydromatic [_103] change-
-speed gear can be seen, while in Fig.174 the more recent type of the same
is presented. The Figs. need no more ample explanation.
It is again a change-speed gear of two members, which under the name
is shown in Fig.l175. Here the second member corresponds
to the 2 basic type of Fig.72.
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Finally, two change speed gears of special design will be described. At
the one the hydraulic element has three outgoing shafts (Fig.176) [81] and an
epicyclic gear of two degrees of freedom connects, as an equalizing gear, the
middle shaft to the two extreme ones. Otherwise, the latter are, in the custo-
mary manner, after an inserted simply fastened epicyclic gear, united with each
other. The other change-speed gear’s (Fig.177) [931 specialities are the second,
third and fourth stages. In the second stage the unification of the two outgoing

shafts of the hydraulic element is performed in the epicyclic gear (N) of two
degrees of [reedom, used as equalizing gear. In stage third there are two epi-
cyclic gears backfastened by the hydraulic element, the hydraulic connecting
elements of the two epicyclic gears, however, are united again, resp. are pro-
vided with a common ingoing shaft.

This may be said also in other words so, that both series connected epi-
cyclic gears were backiastened by a single hydraulic element having two ouigo-
ing shafts.
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In the fourth stage two epicyclic gears of two degrees of freedom (the N
and M) figure as an equalizing gear, which are so to say "shunting'" the two
outgoing shafts of the hydraulic element. Just because of the fact that they are
only "shunting' it, separate care must be taken for the final comnecting of the
shafts. This occurs after the simply fastened epicyclic gear O.
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same P.G.T. types are shown as in sketches 9 back to 1, but with reversed 1
and 2 indexes.

On the basis of Fig. 15, it can be stated that two types of elementary
P.G.T. and four types of simple P.G.T. can be derived from type 14b, each
with two varieties of connection. If one made the same process of derivation
for types 14a and 14¢, one would have gotten the same types of P. G.T. but
with two other couples of varieties of connection.

The types of clementary and simple P.G.T. derived from the basic type,
shown in Fig. 10, are illustrated in Figs 16 and 17. These types are all without
auxiliary planet gears. If one starts from the basic type given in the top of
Fig. 18, instead of Fig. 10, onc will get all types of the elementary and simple
P.G.T. with or without auxiliary planet gears. The process is similar to the
process illustrated above, so only the main conclusions will be reported.

The basic type given in Fig. 18 has four central gears, two of them have
index y (¥ and y”). At the same time, one can take into account only one of
elements v; otherwise the mechanism becomes overspecified. The left side of
Fig. 18 corresponds to the well-known sketches 14a, 14b, and 14c. The right
side of Fig. 18 illustrates the basic type of P. G. T. with auxiliary planet gears
in three varieties of connection.

e

Fig. 20

If ene takes into account element y’ the formula, convenient to Formula
11, is as follows:

D.}.z _{_&Dd}f Dalzr
B— DDY' g e (15)
D,,+ =% D, —=
; D.’C ! ‘D".IZ
If one takes into account element y”,
Ddz— -gz D-i}f’
B = B ¥ i) (16)
Dye + 5 Dy =
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SUMMARY

The literature of the epicyclic gear and of the change-speed gear with
epicyclic gear deals in the first place with the theoretical and constructional
questions of the simple epicyclic gear, in a less extensive degree with the
theoretical relations of the complex epicyclic gears, further, with the descript-
ion of the produced change-speed gears. We encounter also the theoretical
examination of the change-speed gear stages; the theory of the change-speed
gear itself, however, is not elaborated at all up till now.

In our study we endeavoured to explore the up till now inelaborated parts
of the theory of the epicyclic gear and mainly that of the change-speed gear
with epicyclic gear, to fill up the gaps and to work out such a comprehensive
theory which comprises in an organic system the epicyclic gears and change-
-speed gears with epicyclic gears, calls the attention to the organic relations
between the individual concrete shapes of representation and secures the possi-
bility for the exploring of the up till now unknown formes of presentation of
the system.

We started from the examination of the elementary and simple epicyclic
gear. That most general shape of the simple epicyclic gear was determined to
which all existing concrete epicyclic gears can be led back (Figs.8 and 9), be
it of a front- or.bevel gear design. For the kinematical examination of the
simple epicyclic gear the analytical method of Willis and the graphic one of
Kutzbach was selected. The latter, however, needed further development, sin-
ce the original method was not adequate for the large family of the epicyclic
gear with auxiliary epicyclic wheel. The proposed new method differs inasmuch
from that of Kutzbach that the peripheral speed vector of the central wheel not
connected direcily to the main epicyclic wheel was not taken on its real peri-
phery, but in the point intersected by the straight laid across the points of con-
nection of the auxiliary epicyclic wheel (Fig. 16 or 17). In the course of the deduct-
ion some important statements were made regarding also the kinemat-
ical role of the auxiliary epicyclic wheel.

As a result of the dynamical examination of the simple epicyclic gear,
proportions suitable for good handling were obtained for the torque- and per-
formance conditions (29), (30). In course of the examination it was stated on
the one hand, that the kinematical basic transmission characterizes unambigo-
uosly also the dynamical conditions and on the other, that, as opposed to the
two kinematical degrees of freedom, the dynamical conditions are already made
determined by taking a simple torque resp. performance.

In the end of the chapter the definitions of the complex and conjunct epi-
cyclic gears were presented.
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Before dealing with the complex epicyclic gear, by which a simple or
complex epicyclic gear completed by some connecting element is understood
{the connecting element can be any kind of power transmission structure) at
first the generalization of the simple and complex epicyclic gears was perfor-
med which, after all, meant the further development of the Willis method.
Instead of the kinematical basic transmission used up till now (4) the general
kinematical basic transmission (31) was introduced which characterizes unambi-
gously the epicyclic gear, independently of type, geometrical, dimensional pro-
portions and manner of binding-in, both from kinematical and dynamical view-
point (32), (33), (34). The generalization was performed also for the complex
epicyclic gear, as a result of which two general kinematical basic transmissi-
ons were obtained (38), (40) which may be handled in the same manner as the
kinematical basic transmission of the simple epicyclic gear (41-44).

Since between the incoming and outgoing shafts of the change speed gears
unambigous kinematical and dynamical conditions have to prevail, the epicyclic
gear originally of two degrees of freedom must be transformed to one of one
degree of freedom. There are two ways for fastening one of the degrees of free-
dom of the simple epicyclic gear: one of its shafts will be connected either to
the base or to one of its other two shafts (in the former case we deal with the
simply fastened epicyclic gear, Fig.28, in the latter with the transfastened one,
Fig.28). In the latter case we can speak of the prefastened or of the backfast-
ened epicyclic gear, according fo the direction of the drive. At complex epi-
cyclic gears ouiside of the simply fastening and transfastening there is a possi-
bility of crossfastening, too (Figs.35 and 36). For the simply fastening, trans-
fastening and crossfastening a connecting element is used, that is why they are
called complex epicyclic gears. Apart from this, in any of the shafts may a
connecting element be inserted (31-32., 37-41 Figs.), moreover, if necessary,
also even more.

Examining the kinematical conditions of the complex epicyclic gear, the
formulae of the kinematical transmissions of all types were determined, for the
general cases as well as for the simpie ones (55), (59), (66), (69), (84).

At the examination of the dynamical conditions at first the formulae of
torque-iransmission were determined which can also be obtained directly from
the corresponding kinematical formulae by the substitution of i =~-i— , Tresp.

Les M.

o Moo

After this the performance-flow was dealt with, as a result of which such
a simple formula was obtained (117) by the calculation of which the performan-
ce-flow conditions of the transfastened epicyclic gear presently became known,
be it a case of an epicyclic gear or connecting element of whatever type. Simp-
le expressions were obtained also for the examination of the performance-flow
of the crossfastened epicyclic gear (143), (144), (145), moreover, by the help
of the expressions told, the extent and direction of the performances flowing
within the complex epicyclic gear can be easily determined.

As a result of the analytical examination of the epicyclic gear, therefore,
such expressions resp. formulae were obtained, by the help of which the kine-
matical, torque- and performance conditions of any epicyclic gear structure can
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be examined simply and rapidly. After this the elaboration of the theory of the
change speed gears with epicyclic gears was commenced.

The complex epicyclic gears were examined also from the viewpoint of
their suitability of applying them in the change speed gear as its stages. Such
complex epicyclic gears in which all connecting elements are mechanical power
transmission sturctures, may be change-speed gear stages.

The most simple mechanical stage is the epicyclic gear fastened by the
frictional clutch. (Fig.49). I this same connecnting element is used for
transfastening, then we obtain the '"direct" stage (Fig.50), since the epi-
cyclic gear will be shortclosed (blocked).

Since the epicyclic gear fastened by closed brake will be transfastened to
a mechanical power transmission structure of constant transmission and of one
degree of freedom, it can be used as a comnecting element of further epicyclic
gears. So e.g. the simply fastened epicyclic gear can also be the connecting
element of a transfastened epicyclic gear (Fig.50). But also the transfastened
epicyclic gear is transfastened to a mechanical structure of constant transmis-
gion and of one degree of freedom, if a mechanical connecting element {e.g. a
simply fastened epicyclic gear) is applied, therefore also this can be used as
the connecting element of further epicyclic gears (Fig.57). The same can be
told also about the complex epicyclic gears. After all, in consequence of the
property of the epicyclic gears that they can be accumulated, a change-speed
stage of a given transmission can be realized by an infinite number of epicye-
lic gear combinations. :

All conmibations, however, can be led back to the three basic types des-
cribed in the foregoing.

The different combinations of the complex epicyclic gears used as stages
constitute the change-speed gear. '

If all three members of the epicyclic gears are in constant connection to
any three of the main elements of the change-speed gear (the incoming and
outgoing shafts as well as the brake drums), then we speak of a change-speed
gear of constant inside design the main property of which is that the needed
and sufficient number of the simple epicyclic gears is equal to the number of
the stages differing from the 1:1 and the same number of brake drums is also
needed. According to these the base of the change-speed gear of one stage is
the simple epicyclic gear, that of the one of two stages the complex epicyclic
gear, while of the one of three stages the doubly complex epicyclic gear (Figs.
67-69) etc. To connect the epicyclic gear members to the main elements of
the change-speed gear in case of one stage there is only one kind of
possibility (Fig.63) but in case of one of two stages there are three kinds of
possibilities (Fig.66), while in case of one of three stages there is a possibi-
lity already of 14 variations (Fig.72), ete. etc. For studying the variational
possibilities of the multi-stage change-speed gears a simple method was elabo-
rated (Figs.73-78), moreover, the theoretical scheme of the multi-stage change
speed gears was also given (Fig.T79).

If between the applied epicyclic gears and the main elements of the change-
-speed gear there is no constant connection, but between the latter and the
epicyclic gear member permutation is possible, then we can speak of the change-
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-speed gear of varying inside design the main property of which is that the
needed and sufficient number of the simple epicyclic gears is less as the num-
ber of the stages differing from the 1:1, but the number of the coupling elements
is more. The advantage, therefore, of the new type change-speed gear proposed
by us consists of the possibility of epicyclic gear saving. In case of permutati-
on, namely, by a single simple epicyclic gear theoretically 6 different transmis-
sions can be realized, while by a complex one 9-18 (Fig.81-83).

Epicyclic gears can be saved also then, when two, theoretically indepen-
dent change-speed gears are series connected. Such type may be called as a
change-speed gear of two members (Figs.84-86). '

We obtain a hydromechanical stage from the complex epicyclic gear then,
if at least one of its connecting elements is some kind of hydraulic power trans-
misgsion structure.

At the simply fastened epicyclic gear it is expedient to insert the hydrau-
lic element in the first place into the incoming or outgoing shaft. The stage ob-
tained in this way is practically the series connection of a mechanical and a
hydraulic power transmission structure-kinematical- and torque transmission of
which can be simply determined (149), (150). The factor of torque take-up de-
pends on that, wether the hydraulic element is inserted into the incoming or the
outgoing shaft. In the first case the torque take-up is identical to the one of the
hydraulic element itself (152), in the second case, however, it depends on the
basic transmission of the epicyclic gear (156). Between the two cases, therefo-
re the difference is such as if the dimension of the hydraulic element would be
uniform.

To proceed with the examinations, otherwise, a sample-characteristic
was taken for the hydraulic element and so the research could be extended al-
so to such field which remained outside of the scope of the examinations up till
now. '

The most characteristics case of the transfastened epicyclic gear is that,
when the hydraulic element is used just for the transfastening. Taking in con-
sideration the reversibility of the binding-in of the drive as well as of the hyd-
raulic element, for the complex epicyclic gear transfastened by the hydraulic
element four basic types are obtained (Fig.96). Each type. however, can be
used only in a determined general kinematical transmission interval, since the
direction of the performance-flow can not be considered as independent from
the direction of the binding-in of the hydraulic element.

The kinematical characteristics of the complex epicyclic gear transfasten-
ed by the hydraulic element (Figs.87-100) well illustrate the dependence of the
hydraulic element as well as of the transmissional operational range of the
complex epicyclic gear (as a hydromechanical stage) on the general kinemati-
cal stage) on the general kinematical basic transmission.

The outside characteristics of the complex epicyclic gear transfastened
by the hydraulic element and figuring as a hydromechanical stage was also -
on the example of the outside characteristics of the hydraulic element - deter-
mined and, therefore, this can be handled in the same manner as the hydrau-
lic element itself. A further advantage of this new method is that the charac-
teristics of all hydraulic and hydromechanical driving gears can be compared,
easily evaluated and the modification of the characteristics can be followed,
resp. examined when the modification is in process.
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One of the most important curves shows the change of the torque trans-
mission B. On the characteristics may be seen that at certain types, at cer-
tain values B, the outside characteristics of the complex epicyclic gear trans-
fastened by the hydraulic element are identical to the outside characteristics
of the hydraulic element itself, proving their organic connection.

The hydraulic element, standing alone, after all, as a change-speed gear
stage, can be considered as a special case of the complex epicyclic gear trans-
fastened by the hydraulic element. |

The efficiency curves (Figs.105-108) can be derived from the torque
transmission characteristics.

An other important curve of the outside characteristics shows the varying
of the curve of torque take-up (Figs.109-112). It can be generally stated that
the torque take-up of the complex epicyclic gear transfastened by the hydraulic
element increases when a value resulting in better efficiency is selected. This
also means that in this case a hydraulic element of smaller dimensions is need-
ed.

The complex epicyclic gear transfastened by the hydraulic element was
examined also for the case of applying more connecting elements, when beside
of a hydraulic element one or more mechanical connecting elements of constant
transmission were inserted into one of the shafts.

It was stated that the effect of the mechanical connecting element of con-
stant transmission inserted into the outgoing or incoming shaft of the transfasten-
ed epicyclic gear was identical to the one exerted also upon the simply faste-
ned epicyclic gear. After this the case of the mechanical connecting element
series connected to the hydraulic element was examined and it was stated that
by varying the transmission of he mechanical connecting element, the extent
and the place of the maximal efficiency could be varied optionally at all four
types (Figs.118-121). The situation is especially advantageous at two types, sin-
ce there the improvement of the efficiency is easily solved also towards the
smaller transmissions.

Also the effect of that mechanical connecting element was examined, which
was inserted into shaft IT of the transfastened epicyclic gear. It was stated,
that the effect of such a connecting element is identical to the one of two such
connecting elements the one of which is series connected to a complex epicyc-
lic gear, while the other to a hydraulic element, therefore it could substitute
them (Fig.127).

At examining the epicyclic gear crossfastened by the hydraulic element
the fact became clear that the four types of the transfastened epicyclic gear
are, after all, special cases of the crossfastened epicyclic gear, and rever-
sed, the crossfastened epicyclic gear is the amalgamation of the four types, as
components of the transfastened epicyclic gear. The importance with which the
character of the crossfastened epicyclic gear depends on the general kinemati-
cal basic transmissions of the two simple epicyclic gears constituing the comp-
lex epicyclic gear. We may, in practice, by varying the value B, shape option-
ally the outside characteristics of the complex epicyclic gear crossfastened by
the hydraulic element.

The abovesaid can be extended to the case of applying not hydraulic con-
necting elements, too, and this will give both for the transfastened and cross-
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- fastened epicyclic gears a new interpretation in general. Accordingly, all trans-
fastened epicyclic gears are the special cases of the epicyclic gear crossfasten-
ed by some simply fastened one, or reversed, the general form of the simply
fastened and transfastened epicyclic gears is the crossfastened one.

We can speak of a hydromechanical change-gpeed gear then, when among
its stages at least one hydromechanical stage can be found. The theoretical de-
sign of the multistage hydromechanical change-speed gear depends in the first
place on the number of the hydromechanical stages applied. Since here hydro-
mechanical and mechanical stages may be applied together, there are more
possibilities of wvariation for the theoretical design than there were at the purely
mechanical change speed gears. Otherwise, for the examination of the theoreti-
cal design of the hydromechanical change-speed gear also the critical examina-
nation of the hydromechanical stages has to be performed, this, however, is al-
ready beyond the aims of the present study.

To conclude, some examples were presgented for the change-speed gears
with epicyclic gears.



TERMINOLOGY APPLIED

In our study a number of new concepts appears; for these new termino-
logies had to be procured. It seemed to be expedient to list separately the ter-
minologies applied. For the concepts already known it was our intention to use
the expressions used also up till now in the home literature and in the first
place the ones defined by Terpldn and Viérss. The new terminologies
are marked by underlining. At composing the list, the sequence of occurence
was taken for base. For the individual expressions also explanations are pro-
vided:

elementary epicyclic gear - consists of a central wheel and of the epicyclic
wheel rolling down on it (epicyclic gears), the latter{s) is {are) support-
ed on the crank-arm in bearings;

central wheel - a wheel having a common shaft with that of the epicyclic gear;

epicyclic wheel - a wheel with a shaft not coinciding with that of the central wheel,
the points of which rolling down on the central wheel run along an epicycloid;

crank-arm - an epicyclic gear-part uniaxial with the central wheel and
bearing the shaft of the epicyclic wheel;

simple epicyclic gear - am elementary epicyclic gear completed by a central
wheel;

epicyclic gear member - the two central wheels and the crank arm;

parallel epicyclic wheels - epicyclic wheels connected directly to the same
central wheel;

series comnected epicyclic wheels - epicyclic wheels connected directly to each
other;

main epicyclic wheel - that of the series connected epicyclic wheels for which
the speed-diagram was plotted;

auxiliary epicyclic wheel - that of the series connected epicyclic wheels, which
is comnected to the main epicyclic wheel;

sun-wheel - a central wheel of outside connection (gearing);
annular-wheel - a centiral wheel of inside comnection (gearing);
simple epicyclic wheel - both connections occur on identical diameters;

double epicyclic wheel - the two connections occur on differing diameters;
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kinematical basic transmission — the quotient of the relative angular speeds of
the two central wheels related to the crank arm;

kinematical basic equation - the relation between the angular speeds of the epi-
cyclic gear-members and the kinematical basic transmission;

torque proportions - the relation between the torque exerted on the epicyelic
gear members and the kinematical basic transmission;

performance proportions - the relation between the performances led to the epi-
cyclic gear members, the angular speeds of the latter and the kinematical
basic transmission;

complex epicyclic gear - two simple epicyclic gears when two members of each
of them is connected;

conjunct epicyclic gear - a complex epicyclic gear, when the connected mem-
bers are unified, i.e. the same epicyclic gear parts pertain to the both
simple epicyclic gears;

doubly complex epicyclic gear - to the two members of a complex epicyclic
gear two members of a third one are connected;

epicyclic gear shaft - the mathematical shaft of the epicyclic gear members;

general kinematical basic transmission - the quotient of the relative angular
speeds of two selected shafts of the epicyclic gear, related to the third
shaft, independently of that: which of the shafts to which of the epicyclic
gear members pertains;

binding-in of the epicyclic gear - the order of the mutual coordination of the
epicyclic gear members and shafts;

general kinematical basic equation - the relation between the angular speeds of
the epicyclic gear shafts and the general kinematical basic transmission;

torque proportions in a general case - the relation between the torque exerted
on the epicyclic gear shafts and the general kinematical basic transmis-
sion;

performance proportions in a general case - the relation between the perfor-
mance led onto the epicyclic gear shafts, the angular speeds of the shafts
and the general kinematical basic transmission;

driving-in - introducing of the performance;
driving-out - leading out of the performance;

double driving-in - the performance is introduced simultaneously on two shafts
of the epicyclic gear of two degrees of freedom;

simply fastened epicyclic gear - one of the shafts of the epicyclic gear is con-
nected to the base being at standstill, the other two sahfts are led out;

transfastened epicyclic gear - one of the shafts of the epicyclic gear is connec-
ted to one of its two shafts led out,
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straight drive transfastened epicyclic gear - the driving-in is performed on the
led out shaft left alone;

prefastened epicyclic gear - a straight drive transfastened epicyelic gear;

reversed drive transfastened epicyclic gear - instead of driving-in, driving-out
is performed on the led out shaft left alone:,

backfastened epicyclic gear - a reversed drive transfastened epicyclic gear;

connecting element - any type of power transmission structure used for simp-
ly fastening or transfastening the shaft of the epicyclic gear;

complex epicyclic gear - an epicyclic gear with connecting element or elements;

crossfastened epicyclic gear - two of the four shafts of the complex epicyclic
gear are connected fo each other by the help of some connecting element;

straight crossfastened epicyclic gear - the crossfastened shafts are in connect-
ing to a simple epicyclic gear each;

inverted crossfastened epicyclic gear - the cross fastened shafts are in connect-
ion to both simple epicyclic gears;

crossfastened epicyclic gear of changed binding-in of the shafts - of the cross
fastened shafts the one is connected only to one of the simple epicyclic
gears, while the other to both of them;

kinematical transmission - the quotient of the angular speeds of the incoming
and outgoing shafts;

torque transmission - the quotient of the torques exerted on the incoming and
outgoing shafts;

outside elements of the change speed gear - the incoming and outgoing shafts,
as well as the brake drums;

change speed gear of constant inside design - the epicyclic gears built-in are
in constant connection to the outside elements of the change speed gear;

change speed gear of varying inside design - the built-in epicyclic gears can
be connected according to different variations to the outside elements of
the change speed gear by the help of coupling elements;

change speed gear of two members - two series connected change speed gears,
when at both of them the transmission can be changed independently of
each other, left out of attention wether the two change speed gears are
structurally separated or not;

hydromechanical stage - such complex epicyclic gear transformed to one of one
degree of freedom at least one connecting element of which is a hydrau-
lic power transmission structure;

hydraulic element of straight binding-in - the turbine shaft connected to the
led out shaft of the transfastened epicyclic gear,
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hydraulic element of reversed binding-in - the pump shaft is connected to the
led out shaft of the epicyclic gear;

kinematical characteristics - the relation between the hydraulic element and the
kinematical transmission of the hydromechanical stage:

outside characteristics - the dependence of the torque transmission, the effici-
ency and the factor of torque take-up on the kinematical transmission;

hydromechanical change speed gear - such change speed gear which has at
least one hydromechanical stage.
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NOTATIONS USED

central wheels;

crank arm;

epicyclic wheel;

kinematical basic transmission;

general kinematical basic transmission;
angular speed;

diameter;

radius;

peripheral speed vector;

torque (moment);

performance;

simple epicyclic gears;

shafts of the simple epicyclic gear;

united shafts of the complex epicyclic gear;
shaft of the doubly complex epicyclic gear;

the general kinematical basic equation of the complex
epicyclic gear for the I-II-II;, resp. for the I-II-I,
shafts;

led out shafts of the complex epicyclic gear;

incoming shaft;

outgoing shaft,

shafts of the conmecting element;

kinematical transmission;

torque transmission;

the kinematical transmission of the connecting element
ingerted into the shafts I,II,III of the epicyclic gear M;

the kinematical t{ransmission of the comnecting element
ingerted into the shafts O resp.oce of the complex epi-
cyclic gear;
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connecting element of constant transmission series con-
nected to the hydraulic element;

kinematical transmission between the led out shafts of
the complex epicyclic gear;

hydraulic element;

kinematical transmission between the outgoing and in-
coming shafts of the hydraulic element;

number of gearings {(of teeth);

number of stages;

coupling element,;

brake drum;

change-speed gear members;

pump torque take-up factor of the hydraulic element;
torque take-up factor of the hydromechanical stage;
efficiency of the hydraulic element;

efficiency of the hydromechanical stage.
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