2 2 MAY 2006 HYDRO MECHANI CAL CONTI NUOUSLY VARI ABLE TRANSM SSION  FI ELD 5
This invention relates to a drive systemuseful as a vehicl &20A¥pMigsi on
system or stationary equi prent drive, conbining nechanical and hydraulic
power systens. BACKGROUND 10 Hydraulic drive systens are commonly used
for large vehicles or stationary equi pnment. However, as the output speed
i ncreases at a given gear setting, the efficiency of the hydraulic drive
is correspondingly reduced. This nmakes 15 it inefficient to run hydraulic
drives at the upper half of the gear setting. This problemnmy be

overcone by havin nul tiple gear settings, but the conplexity of the
resul ting FQHW%W%&QP&IW%%W W@mul ic drive.

20 An alternative to a hydraulic drive systemis a nmechanically driven
syst &mEMywever, conventional nechanical drive systens are linmted to
discrete gear ratios, mhic£ do not allow for ipfinite ﬁEEEd rati os as 25
f8und in suteeR QR st e R fRRal O dRaft oY e poveF e RahiS§EHENRS Bet ween t he
engi ne and the transm ssion at all output speeds. is necessary for

t r ansSTRTSG ¥ RFIRE ?%%%e%%?tﬁppﬁ¥eF§atﬁ88ﬁ5 iEQPIBWFQE ﬁglVﬁadequate to
ensure the efficient use. of _the engine's avail abl e power due to the
diScﬁ%gqp%ﬁkggjmechanlcal and hydradlic power systems.

BACKGROUND

+ Hydraulic drive systems are commonly used for large
vehicles or stationary equipment. However, as the output
speed increases at a given gear setting, the efficiency of
the hydraulic drive is correspondingly reduced. This makes

15 it inefficient to run hydraulic drives at the upper half of
the gear setting. This problem may be overcome by having
multiple gear settings, but the complexity of the resulting
transmission negates the benefits of using a hydraulic

drive.

20
An alternative to a hydraulic drive system is a

mechanically driven system. However, conventional
mechanical drive systems are limited to discrete gear
ratios, which do not allow for infinite speed ratios as
25 found in hydraulic drives. A great deal of power management -
between the engine and the transmission at all output speeds
is necessary for transmission effectiveness. A purely
mechanical drive is inadequate to ensure the efficient use
of the engine's available power due to the discrete speed
30 ratios, while a purely hydraulic drive has inherently poor

efficiency at higher operational speeds.



30 ratios, while a purely hydraulic drive has inherently poor efficiency
at hi gher operational speeds. Z 2 MAY 2006 Wth the increasing costs of
fuel and nore stringent emssions requirenents, there is a need for nore
efficient drive systens for large and small vehicles, as wellZa4Y 3006
stationary equi pnent, to replace traditional hydraulic and nechani cal
~drive systens. It is an object of this invention to provide a nore
efficient drive systemfor large and snmall vehicles and 10 stationary
equi pnment by conbi ning hydraulic and nechani cal power systens. It is a
further object of this invention to provide a transm ssion systemfor

optim zing use of conbined, drive g % ﬁgﬁﬁg% is astill further
obj ect of WHiR ?@@eﬁ??%ﬁa§bngp?B§Fﬁe° 8 S S SYHRERW th a dual

or nultiple speed,, shift-on-the-fly gearb é for extendg% speed and 20
t or QUSRS reauiremeRtFt FFfRe OBJEE? of OFhPETFNFERLFIR ™0  provi de

an i nproved steerin ystem for _conbi ste when applied to
G 11 EPeRT BV AL PRpeLards RBuPPakbny L URRIES MY nt | on

conpri ses, a hydro- nechanlcal continuously..30 variabl.e transm ssi on
(PP S Tt S TR aRet aF9 CERr 3520 AT 20gBaT AyaratiiaE

mechanical drive systems.

It is an object of this invention to provide a more
efficient drive system for large and small vehicles and
10 stationary equipment by combining hydraulic and mechanical

power systems.

It is a further object of this invention to provide a
transmission system for optimizing use of combined drive

15 systems.

It is a still further object of this invention to
provide a combined drive system with a dual or multiple
speed, shift-on-the-£fly gearbox for extended speed and

20 torque ranges.

It is a still further object of this invention to
provide an improved steering system for combined drive
systems when applied to differential output speed

25 reguirements.

SUMMARY

The invention comprises a hydro-mechanical continuously

30 variable transmission {HMCVT} that uses a planetary gear
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systemto provide a conbination of hydraulic and nechani cal
vehicle or stationary equi pnent.

power for a
The HMCVT has an input planetary gear set

with at least a ring gear, a sun gear and a carrier gear. A nain power 5
input is coupled to one of the ring gear, sun gear and carrikgngpﬂma A
conbi ner gear is coupled to a main output shaft. An hydraulic branc

- whi ch has an hydraulic punp and notor,
one of the ring gear,

receives an input froma second
sun gear and carrier gear and provides an hydraulic

out put. 10 A nechanical branch receives an input froma third one of the
ring gear, sun gear, and carrier gear and provides a _nmechanical ,output to
the misteshdia PrIHEdd i FRITLIRATLPR ObpRYRTF Ve ¢ 2 ROMBERBARAE2hydr aul i ¢
output with the nechanical output at said nmain output shaft such that

sai d PPvar &edniss T8h Het rdasts ol PR e ntAgEPBF t r ans i ssi on power

fromsaid hydraulic branch as, said main output shaft 11__igcreﬁses i n speed.
p

An o RBSuEDMEIVEh e \Ay P e tP tRBT LY t 9225 aF B° it H o

Bag

ari sing

aft and to a

power take off shaft. A |low épeed shiftiqg%planetar%%clutch has an i nput

couplteds gadie R PutIFHaret

ry QREFL18etI%Fhe | DOWIpRE %R fting

pl anetary clutch is configu;gg to create a reduction in_a.gear ratio of

the tirgsnilssicarletith Ipe

coupled to the nmain oug&g{ shaft and, mhenlqulied t hereto
a pr édeterdt P gear® 1t DUt

Tt ERH the arh

SHIE t T hRE p¥ ekt af Y cFBRENARE rel easabl y

ovides 25

e share aniPtRe power

take of f_shaft. A m cropraqcessar is.coupled tohyégguiggnga%gsggg and is

oper SRR t o XSbABEZAEHF tPTFCh which has an

10

15

motor, receives an input from a second one of the ring gear,
sun gear and carrier gear and provides an hydraulic output.
A mechanical branch receives an input from a third one of
the ring gear, sun gear and carrier gear and provides a
mechanical output to the main shaft. The combiner gear is
operative to combine the hydraulic output with the
mechanical output at said main output shaft such that said
transmission decreases a percentage of transmission power
arising from said hydraulic branch as said main output shaft
increases in speed. An output planetary gear set coupled to
said main output shaft and to a power take off shaft. A low
speed shifting planetary clutch has an input cocupled to the
output planetary gear set. The low speed shifting planetary
clutch is configured to create a reduction in a gear ratio
of the transmission.

A high speed shifting planetary clutch is releasably coupled
to the main output shaft and, when applied thereto, provides
a predetermined gear ratio between the main output shaft and
the power take off shaft. A microprocessor is coupled to

the transmission and is operative to sense a shift in
3



3 transm ssion gear ratio and adjust the hydraulic output speed so that,
after conbining with the nechanical output, a speed of the main output
shaft after shifting matches a speed of the power take off stﬁfm‘{tiéﬁore
shifting. 5 Preferably, the predeterm ned gear ratio is 1:1.

Advant ageously, the m croprocessor is coupled to the hydraulic punp and
- nmotor, the high and | ow speed shifting 10 planetary clutches, to an input
to the hydraulic branch and to an output of the hydraulic branch. The
HMCVT may al so i nclude a 2-speed pI anetary clutch systemto expand t he

Oﬁ/%lﬁgﬁggﬁﬁggggg %‘resﬁé’loff(?y}g’ \p%ergin tsté{’ber Srﬁ’(ji ys]t emwl? wor ksT\r/]\Aet h or
A A 6 1
ggapfggéﬁgﬁt hglhf 5‘(?&1 | I@%ﬁwﬁgﬂad’dl |lontallrf%l | nc‘TaWée a | ockup brake
hydP&Eerieél Btfaﬁ@ﬁyé’ic??i’%frlor r%rch}pﬁ%%ti fﬁ ﬁe E& ;ﬁi ggf b: gﬁch when
t5he transm ssi on output is operating

Preferably, the predetermined gear ratio is 1:1.

Advantageously, the microprocessor 1s coupled to the
hydraulic pump and motor, the high and low speed shifting
10 planetary clutches, to an input to the hydraulic branch and

to an output of the hydraulic branch.

The HMCVT may also include a 2-speed planetary clutch
system to expand the operating parameters of the vehicle or

15 stationary equipment.

The HMCVT may further include a planetary steering
system that works with or without the 2-speed planetary

clutch system.

20 The HMCVT may also include a launch assist device to ]
limit torgue applied to the drive pump when the ratio of
hydraulic pump displacement to hydraulic motor displacement B
ig small.

25

The HMCVT may additionally include a lockup brake
coupled to the hydraulic branch input, operative to lock out
the hydraulic branch and force all power through the

mechanical branch when the transmission output is operating
4



4 2 2 MAY 2006 at a pre-sel ected percentage of its maxi mum speed. The

| ockup brake may be conbined with the | aunch assist device into a single
device. 5 The HMCVT may further include an anti-recirculating reverser
device operative to allow the transm ssion output to operategzmm
reverse direction of notion wthout developing a recirculating po&gm

- flow through the nmechanical branch. 10 15 The 2-speed pl anetary cl utch,
pl anetary steering system |aunch assist device, |ockup brake and anti -
recircul ating reverser device may be used individually or in any

conmbi nation of two or _nore in any given HVCVT. BRI EF DESCRIPTICN OF THE
DRAWNGS TS 1 $R-ERfE F ¥R p%@?lﬂta%tﬁf asCE oMBK BRIz 8PEEA - andenmet hod of
operatiaon, as well as additional _objects and 20 advantages thereof, wll
beconk® iR P @3@%ﬁ%§%ﬁ?ef?%m?%%%d VthoRPﬁg 6éﬁﬁhléaséégcﬂ?HﬂFGn when
read in connection with the acconpanying drawi ngs: Figure 1 shows a

pl anéthy HSHER Y ¥H%ul tiple 25 planetary gears; Figure 2 shows a

bl ock di agram of an HMCVT in a RSC configuration with all optional

nen Fi_gur bl ock ram of an,H i.n R
cgrpone t§f 39 I'\glymay ? rther 1ngfuddlag Snt i r8lirey t&nga SC

reverser device operative to allow the transmission output
to operate in a reverse direction of motion without

developing a recirculating power flow through the mechanical

branch.
10
The 2-speed planetary clutch, planetary steering
system, launch assist device, lockup brake and anti-
recirculating reverser device may be used individually or in
any combination of two or more in any given HMCVT.
15

BRIEF DESCRIPTION OF THE DRAWINGS
The invention itself, both as to organization and
method of operation, as well as additional objects and
20 advantages thereof, will become readily apparent from the
following detailed description when read in connection with

the accompanying drawings:

Figure 1 shows a planetary gear set with multiple -

25 planetary gears;

Figure 2 shows a block diagram of an HMCVT in a RSC

configuration with all optional components;

30 Figure 3 shows a block diagram of an HMCVT in a RSC

configuration;



configuration; 5 2 2 MAY 2006 Figure 4 shows a bl ock diagram of an HMCVT
in a SCR configuration; 5 Figure 5 shows a block diagramof an HMCVT in a
SRC configuration; Figure 6 shows a bl ock diagramof an HMCVT in a RSC
configuration with a 2-speed clutch; 10 Figure 7 shows a bl ock dipagyyapympef
an HMCVT in a RSC configuration mnth a planetary steering system Figure
8 shows a bl ock diagramof an HMCVT in a RSC 15 configuration with a

| aunch assi st device; Figure 9 shows a bl ock diagram of an HMCVT in a RSC
configuration with a | ockup brake; 20 Figure 10 shows a bl ock di agram of
an HMCVT in a RSC configuration with a spur gear reverser; Figure 11
shows a bl ock di agram of an HMCVT in a RSC configuration mnth a bevel

gear reveFdgured mhaye 3 PLRMI AT HEKOH ayrBAYEF aR AMBYR in a RSC
configuration with a nechani cal disconnect reverser; 30 DETAI LED
DESCRIPTIanﬂﬂgqﬁﬁﬁkﬂ%mchanlcal conti nuously variabl e transm ssion
(HMCVT) is designed to split input power between a hydraulic

5 Figure 5 shows a block diagram of an HMCVT in a SRC

configuration;

Figure 6 shows a block diagram of an HMCVT in a RSC

configuration with a 2-speed clutch;

10
Figure 7 shows a block diagram of an HMCVT in a RSC
configuration with a planetary steering system;
Figure 8 shows a block diagram of an HMCVT in a RSC

15 configuration with a launch assist device;

Figure 9 shows a block diagram of an HMCVT in a RSC
configuration with a lockup brake;

20 Figure 10 shows a block diagram of an HMCVT in a RSC
configuration with a spur gear reverser;

Figure 11 shows a block diagram of an HMCVT in a RSC
configuration with a bevel gear reverser;

25 -
Figure 12 shows a block diagram of an HMCVT in a RSC
configuration with a mechanical disconnect reverser;

DETAILED DESCRIPTION

30

The hydro-mechanical continuously variable transmission
(HMCVT) is designed to split input power between a hydraulic

drive branch, using a hydraulic pump and motor, and a



drive branch, using a hydraulic punp and notor, and a 6 2 2 MAY 2006
paral l el mechanical drive branch, using shafts and/or gears, recgnblnlng
the power from each branch into a single output. The HMCVT is

pl anetary gear set 10 as shown 5 in Figure 1. A planetary gear set 10
consists of four parts: a carrier gear 12, a nunber of planetary gears
14, a ring gear 16 and a sun gear 18. The ring gear 16 and the sun gear
18 are connected through the planetary gears 14. The planetary gears 14
are al so connected to the carrier 10 gear 12. In Figure 1, three

pl anetary gears l4a-c are_used, nore nay, be i f n essar The

bl an@PdA} amesania ks Fonfe Rt twa% P TRAITE 200708 BENES2D. the
mai n shaft 26 and the trans ssion | 5 40. A 3 let de. (R=ring
Goar ToSRRi TER CRS TS T T SR AT BER St &S FOPLUPPERES of (his
di scussion to describe how the planetary gear set 10 is connected within
the transm ssion: if letter_desi naies whi ch part of ﬂhanet ear set
10 is cond@ &G the BRRFDNT & dr + 3RS 2%9et o f‘ét? esi gnat es
whi ch part of planetary gear set 10 is connected to é ? mai n shaft 26;
the HasFigamenrl. ddsiRffEtes2mhi TP patet ol pFamet oy GeafC®set 10 is
connected to the input 40 fromthe engine. 25 A full HMCVT systemin a
RSC ®@ATHSgureataasiy Wik ey 1dptd cHaATPLDnpbriehrRe EaFnedeadsi 14shdwn in

Figure 2. In the RSC configuration, a hydraulic drive punp 22 is
conn&died aegr 16 and a sun gear 18 Thé ring gear 16 the

sun gear 18 are connected through the planetary gears 1l4.
The planetary gears 14 are also connected to the carrier
10 gear 12. In Figure 1, three planetary gears ld4a-c¢ are used,

more may be used 1if necessary.

The planetary gear set 10 is connected to the hydraulic

drive pump 22, the main shaft 26 and the transmission input

15 40. A 3 letter code (R=ring gear; S=sun gear; C=carrier
gear) has been adopted for purposes of this discussion to
describe how the planetary gear set 10 1s connected within
the transmission: 1% letter designates which part of
planetary gear set 10 is connected to the hydraulic drive

20 pump 22; 2™ letter designates which part of planetary gear
set 10 is connected to the main shaft 26; the last letter
designates which part of planetary gear set 10 is connected

to the input 40 from the engine.

25 A full HMCVT system in a RSC configuration with all
optional components connected is shown in Figure 2. In the
RSC configuration, a hydraulic drive pump 22 1is connected to

the ring gear 16 of the planetary gear set 10 and the sun
7



the ring gear 16 of the planetary gear set 10 and the sun 7 2 2 MAY 2006
gear 18 is connected to the conbiner gear 20 via the main shaft 26. The
conbi ner gear 20 is also connected to a hydraulic drive notor 24. The
input 40 fromthe main engine (not shown) to the HMCVT is r%qpﬁmeﬂg y
the carrier gear 12. 5 A detailed view of the RSC configuration is shown
in Figure 3. A full HMCVT systemin a SCR configuration is shown in
Figure 4. In the SCR configuration, a hydraulic drive punp 10 22 is
connected to the sun gear 18 of the planetary gear set 10 and the
carrier gear 12 is connected to the conbiner gear 20 via the main shaft
26. Hfardi Fercoraechedi §0afke cephArBeredefs g0hydrathecM@inve notor
24. The input 40 to the HMCVT is received by the ring gear 16. 15 A ful
HVCVEIRLS: edf i n ThSROmbhnegugadtoAli ssshban rﬁnnspgagetg. aln the SRC
configuration, a hydraulic drive punp 22 is connected to the sun gear 18
of thwdnanetardr gearngeer 34. anBhehenpihgd4fedromethe meaneengdneo t he
conmbi ner gear 20 20 via the main shaft 26. The conbiner gear 20 is al so
connelctaed ghown hyty attihé cHEVV el aorece24edThe Lhputazbito gehe BRCVT is
received by the carrier gear 12. In theory, the carrier gear 12, ring
gear AlGlegred lsarh vi2Se gefarti€ REY benfogumestednt st Bkownput F@gudei ve punp
22 and main shaft 26 in any conbinati on. However, the above three

3.

A full HMCVT system in a SCR configuration is shown in
Figure 4. In the SCR configuration, a hydraulic drive pump
10 22 is connected to the sun gear 18 of the planetary gear set
10 and the carrier gear 12 is connected to the combiner gear
20 via the main shaft 26. The combiner gear 20 is also
connected to a hydraulic drive motor 24. The input 40 to

the BMCVT is received by the ring gear 16.

15
A full HMCVT system in a SRC configuration i1s shown in

Figure 5. In the SRC configuration, a hydraulic drive pump
22 is connected to the sun gear 18 of the planetary gear set
10 and the ring gear 16 is connected to the combiner gear 20
20 wvia the main shaft 26. The combiner gear 20 is also
connected to a hydraulic drive motor 24. The input 40 to

the HMCVT 1is received by the carrier gear 12.

In theory, the carrier gear 12, ring gear 16 and sun
25 gear 18 may be connected to the input 40, drive pump 22 and
main shaft 26 in any combination. However, the above three
configurations have tested as the most practical for

application as transmissions for large vehicles.
8



configurations have tested as the nost practical for application as
transm ssions for large vehicles. 8 2 2 MAY 2006 Mathematically, it can
be shown that in the HMCVT, the power is split such that the power from
t he hydraulic system (including the drive punp 22 and the drive notor
24) 5 conbines with the nmechanical system (including the maijrp MyhaNg 26)
to equal 100% of the total powerless efficiency losses. It can further
be shown that the percentage of nechanical power increases as the output
speed increases, wth a correspondi ng decrease in hydraulic power. The
10 result is a nore efficient use of the input energy 40 than in a
strictly hydraulic or_strictly nmechanjcal transmssion. |t can, al so be
shown t hatMaHeemak fel +4t i 5t betlekbf FH@W“rFH@tgé&rtQG HMGVThe thn gear 18
is only dependent on the 15 gear ratio between the ring._gear 16 and the
sun arensts smistngamd ERat the PPWEr §&am FEFl BYS‘FaPIJr CHEEVFSFan be
set by the_choice of ring gear_ 16 and sun _gear To prove define the
follchﬁﬁﬁﬂﬁ@#%% tmﬁh@ﬁ%%ﬁlPEmPn?ZZEnﬁEEHQn@EéVe Wgtﬁﬁu? speci fic speed
(OX) is ratio of x (x=h,mj) gear speed to |n2ut (1) gear speed. Define a

c%nst%‘ﬁblﬂl%% %@1s%%dn%ﬁ*—'n@%%%g%é?taﬁeﬁl?ﬁ udphgesPei B23dt tur ni ng:
On=0. Then define O'=RS, where 25 S reflects the actual speed of
the cﬁl’tapﬁ}‘t 3%s %Pv%ﬂi%lﬂ%%o‘jft‘éh%) Lo AnBOBe e Ui RF § i HRIKEY t he

equati ons i ndependent of the actual configuration of the planetary gear
set Kpsses. t can further be shown that the percentage of

mechanical power increases as the output speed increases,
with a corresponding decrease in hydraulic power. The
10 result is a more efficient use of the input energy 40 than

in a strictly hydraulic or strictly mechanical transmission.

It can also be shown that the torque ratio between the
ring gear 16 and the sun gear 18 is only dependent on the
15 gear ratio between the ring gear 16 and the sun gear 18.
This means that the final gear ratioc of the HMCVT can be set

by the choice of ring gear 16 and sun gear 18.

To prove: define the following terms: h-hydraulic, m-
20 mechanical, i-input, specific speed (C,) is ratio of x

(x=h,m,1) gear speed to input (i) gear speed. -

Define a constant R as the speed of the m-gear when the

h-gear is not turning: R=0_, | 0,=0. Then define O_=RS, where

25 S reflects the actual speed of the output (as a value from ¢
to 1). R and S are used to make the egquatiocons independent

of the actual configuration of the planetary gear set 10.



9 2 2 MAY 2006 Since Omis linear in S, Oh nust also be linear with S,

as a function of (1-S), since 0"=0 when 5=1. At S=1/R 0.=1. This neans
that at S=1/R the i-gear and mgear are turning at the sanme speed.

Consi dering the planetary gear nodel in 5 Figure 1, this nmeans that the
ring gear 16 and sun gear 18 are turning at the sane speeplz "Eormphi s to
occur, the planetary gears 14 nust not be turning, neaning that the
carrier gear 12 is also turning at the sane speed as the ring gear 16
and sun gear 18. 10 15 More generally, when any two of the gears of the
pl anetary gear set .10 _are noving at the sane speed, .so is .the third
gear. Usi nigidf L dsullinegg tlﬁe%'g&q pustRARSO1Pe 1l EReaThwisbuér split

t hen beconmes Pn=1-S and Pa S. This also neans that two forns of power
reci rUIBti W getr ek uk ~ S ovetaF f v AudeISSE land A% evel/der Qvfign S<0. 20
In the physical HMCVT, the conbiner gear 20 _and planetary gear set 10
are rBEfoRgBte FAt dntF o Fnglehe 9875t ARBUR T 9R2Bf 2pBwErTBebHeen t he
hydraul i ¢ and nmechani cal _systens, As the output speed changes, the power
spli @t Fteting iPH/dr auf PLs ane- He@ hahf ca a%?%%ﬁsgﬁércﬁaﬁgidlas 25
described above. When the output is potionless (sgged:O), main shaft 26
i3 alFmijonl‘@éjsg(fﬁﬁ?fb‘fﬁ‘?h% the bttpugesar 16 a sun’ gear 18

are turning at the same speed. For this to occur, the
planetary gears 14 must not be turning, meaning that the
carrier gear 12 is also turning at the same speed as the

ring gear 16 and sun gear 18.

10
More generally, when any two cf the gears of the

planetary gear set 10 are moving at the same speed, so is
the third gear. Using this result, we then get 0,=(R/R-
1) (1-5).

15
The power split then becomes P,=1-S and P_=S. This also

means that two forms of power recirculation can occur:

“overdrive” when 5>1 and “reverse” when 5<0.

20 In the physical HMCVT, the combiner gear 20 and
planetary gear set 10 are responsible for controlling the -
distribution of power between the hydraulic and mechanical
systems. As the output speed changes, the power split
between the hydraulic and mechanical systems is changed as

25 described above. When the output is moticnless {(speed=0},
main shaftc 26 is alsc motionless (0 rpm). As the output
moves, the drive pump 22 must pump f£luid and, initially, all
the power is derived from the drive pump 22 and drive motor

1¢



noves, the drive punp 22 nust punp fluid and, initially, all the power
is derived fromthe drive punp 22 and drive notor 10 2 2 MAY 2006 24. As
t he out put speed increases, the nmain shaft 26 and the connected drive
notor 24 (through the conbiner gear 20) nmust turn faster. As a result,
the drive punp gear (in the RSC configuration, ring geaﬁ 1@? gm ns
slower, due to the 5 effect of the planetary gear systen1£0 n he need
to maintain a constant torque ratio. A considerabl e advantage of the
HMCVT lies in the wunique ability of the configured systens as shown in
Figures 10 2-5 to enable a driven output on both ends of the
transd ssidn Ve aucpnhoapshdf tn26eaFhies thepnatncegbaflty 26usaflul in
vehi cl es or stationary equi pnent that require duplicated output shafts
to twharcomsesueht dsiveanksoandAor thdofifbr ehei abwbih&rFgetheRfore, one
or both of the outputs can be engaged or disengaged elimnating the need
for anustansizn LaseewhenAscanteguied the dulitvepbempugpatr dinvéde 20 The
HMCVT speed can be controlled in any conventional manner, however an
el ectRSMi cochiduodt 595t enming geeftelbfedttionsbedsbwept i diiee Lot haepower
splitting in connection with the output speed. Furthernore, the
ebectgdfect cofit rloe Syshenargageakseyshehulie eondt bk neadstbor the
t wo- speed 25 transm ssion system planetary steering system | aunch
maintain a constant torgue ratio.

A considerable advantage of the HMCVT lies in the
unique ability of the configured systems as shown in Figures
10 2-5 to enable a driven output on both ends of the
transmission via a common shaft 26. This is particularly
useful in vehicles or stationary eguipment that require

duplicated output shafts to two drives such as tracks and/or

differentials.
15
Furthermore, one or both of the outputs can be engaged
or disengaged eliminating the need for a transfer case when
configured for multiple output drives.
20 The HMCVT speed can be controlled in any conventional

manner, however an electronic control system is preferred to -
best optimize the power splitting in connection with the _
output speed. Furthermore, the electronic control system
can also include control means for the two-speed

25 transmission system, planetary steering system, launch
assist device, lockup brake and anti-recirculatory reverser

discussed below.

11



assi st device, |ockup brake and anti-recircul atory reverser discussed
below 11 2 2 MAY 2006 Two-speed transm ssion An additional nodification
to optim ze the use of the HMCVT is a two-speed planetary clutch system
as shown in 5 Figure 6. The output 26 is connected to the input of an
addi tional 2-speed shifting planetary 30. Power enters the shifting

pl anetary through the shifting planetary sun gear 31 and exits through
the shifting planetary carrier gear 35. In |ow speed operat iqu‘MAYtlﬂ&E
shifting planetary ring gear 33 10 is held fixed by a | owspeed clutch or
brake 32, creating a .reduction in the gear ratio. Shifting to high gear
for Pls acconplished by rel easing the brake 32 and
applying a high-speed clutch_34 to effectivel ive a 1:1 gear ratio.

M cr opr oce’él"s(ﬁd%&%n%%db?éﬂf%%a?h%npE?rpOE‘élfilézgnElhﬁo%? 94 {6 the input
and qutput gears 43 and 45, respectively, of the hydraulic, branch, to

t he IPB‘%p‘%e‘e% acﬁmﬁp%%da%a%%gﬁygﬁ%é%dsxﬁE?Eha§4sgﬁwnt 6%t he power
take _off shaft 47. The m croprocessor 41 controls the operation of the
shi f (BYARER Gel ITRR VLHRYC fERictF onennepted FRetbespBRHEpPAN@Rary cl utch
system provi des an extended range of avail abl e speeds and torques to the
oper A%t IR eS1gReed i frtreREANopR 4t P Pg eRVWEBpBIEGES the

shifting planetary through the shifting planetary sun gear
31 and exits through the shifting planetary carrier gear 35.
In low speed operation, the shifting planetary ring gear 33
10 is held fixed by a low-speed clutch or brake 32, creating a
reduction in the gear ratio. Shifting to high gear for
high-speed operation is accomplished by releasing the brake
32 and applying a high-speed clutch 34 to effectively give a
1:1 gear ratio. Microprocessor 41 is coupled to the pump 22
15 and motor 24, to the input and output gears 43 and 45,
respectively, of the hydraulic branch, to the low speed
clutch 32 and the high speed clutch 34 and to the power take
off shaft 47. The microprocessor 41 controls the operation

of the shifting as well as other functions.

2 The 2-speed planetary clutch system provides an -
extended range of available speeds and torgues to the -
operator. The result is an increased operating envelope for
the vehicle or stationary egquipment.

25

Planetary Steering Svstem

Another useful medification for the HMCVT is a

planetary steering system as shown in Figure 7. As shown,

12



the vehicle or stationary equi pnment. Planetary Steering System Anot her
useful nodification for the HMCVT is a planetary steering system as
shown in Figure 7. As shown, 12 2 2 MAY 2006 power is sent fromthe main
input 40 to two steering planetaries 52, one for each output drive on
either side of the transm ssion. The steering system al so i htIMiYid&lba

cl osed-1 oop hydraulic punp 54 that is driven in relation to 5 the current
engi ne RPM The out put of the punp 54 is connected to a hydraulic notor
56 that drives a cross shaft assenbly referred to as a zero shaft 58.
The zero shaft 58 is connected to, the sun gear 60 of 10 the left and

ri ghtt¥MPerih@PHanktdri e sP2indlepet| 40t Canbwei §reesiRdgears 60 are
driven by the notor 56 in_opposite directions. Therefore, when the zero
shaf PBBI8LAES the: prefiobfedple PHSPYE @Five oF ehEhesnpéfle @écreases
and the speed of the outside drive increases. 15 20 The result of the
pl andthf PR §) QY st PP sSEERF YRS PYSERE| dhSat EBELRGE8ydt em t hat

provi des quick reaction times while maintaining good driving

char &St didryi 51 ¢ P yhe - 2hebldn frot § oRrivauneh nRespsiodetipce (LAD)

One characteristic of the HMCVT is that at | ow out put
5 the current engine RPM. The output of the pump 54 is

connected to a hydraulic motor 56 that drives a cross shaft

assembly referred to as a zero shaft 58.

The zero shaft 58 is connected to the sun gear 60 of

10 the left and right steering planetaries 52 and the left and
right sun gears 60 are driven by the motor 56 in opposite
directions. Therefore, when the zero shaft 58 turns, the
speed of the inside drive of the vehicle decreases and the

speed of the outside drive increases.

e The result of the planetary steering system is a high-
precision steering system that provides guick reaction times
while maintaining good driving characteristics during
straight-ahead motion.

20

Launch Assist Device (LAD) -
One characteristic of the HMCVT is that at low output
speeds, the pump 22 is set to a very low displacement and
25 the motor 24 is set to a high displacement. In theory, this
could create a very large torgue multiplication through the
hydraulic branch of the HMCVT. However, in that scenario,
the hydraulic pressures generated would exceed those that

can be withstood by the system. Therefore, the hydraulic
13



speeds, the punp 22 is set to a very |low displacenent and 25 the notor
24 is set to a high displacenent. in theory, this could create a very

| arge torque nultiplication through the hydraulic branch of the HMCVT
However, in that scenario, the hydraulic pressures generated would
exceed those that can be withstood by the system Thereforeqzqmq 006
hydraulic 13 2 2 MAY 2006 ratio nust be reduced to |imt pressure gg
acceptable |levels. Unfortunately, this corrective neasure al so reduces
the output torque at very | ow speeds. 5 To solve this problem an energy
absorber, called a Launch Assist Device (LAD) 70 is attached to the punp
22 agatsitowiigth s giedused The LD 7opeovidestanacaeprabler esi stance to
the gear elenent of the planetary 10 driving the hydraulic branch. This
resi 35 | iUnfar tuea tokquet DS aval Fabdt eve onedeupanpler aaduabFows t he
mechani cal branch to reach its full torque output at very |ow speeds. As
a rdfg OUGHE ttorefie i &t aVlY abPe spee®®. out put of the HMCVT. The LAD 70
is only required at very | ow speeds and 15 should be gradually phased out
as the speed increases. As shown, the LAD 70 is a nodul ated brake
adsenbl y. Towdlsre ththa@relAfesin stRPCEE FCIPEPEL cotplifg 8r a torque
converter, could be used. 20 Lockup Brake At the upper limt of the HMCVT
oper &Aungy A st Hevidispl ehet? Fatdorddiofero t Hee nbusp 22 add t he

punp 22
shown in Figure 8. The LAD 70 provides an initial
resistance to the gear element of the planetary 10 driving
the hydraulic branch. This resistance limits the torgue

10 available to the pump 22 and allows the mechanical branch to

reach its full torgque output at very low speeds. As a

result, the torque is available at the output of the HMCVT.

The LAD 70 is only regquired at very low speeds and
15 should be gradually phased out as the speed increases. As
shown, the LAD 70 is a modulated brake assembly. However,
other devices, such as a fluid coupling or a torgue

converter, could be used.

20 Lockup Brake

At the upper limit of the HMCVT operating range, the -
displacement ratic between the motor 24 and the pump 22
decreases to the point where the amount of torgque available

25 to the pump 22 is insufficient to keep it turning. With the
speed of the hydraulic pump 22 at zero, all the power is
transferred exclusively through the mechanical branch.

Unfortunately, most currently avallable pump and motor

14



decreases to the point where the anount of torque available 25 to the
punp 22 is insufficient to keep it turning. Wth the speed of the
hydraulic punp 22 at zero, all the power is transferred exclusively

t hrough the nmechani cal branch. Unfortunately, nost currently avail able
punp and notor 14 2 2 MAY 2006 designs include some degree of AhM&f pgsp

| eakage, preventing the HMCVT fromreaching a pure 100% nechani cal state.
Thi s problem can be solved by using a | ockup brake 80 5 as shown in
Figure 9 to prevent the punp 22 fromturning at the end of the operating
range, The | ockup brake 80 is attached to one of the gears 10 driving
the (AHLPPS VYpehude neCNPpercERe Bf LRESHPELatPAGAFSENgPTRYSEAERed, t he

| ockup brake 80 is activated, forcing the HMCVT into a pure 100% 10
nechdﬁ?%épﬂﬁﬂaeer%er?%%@hﬁgb@aR%rgol8%% PReRaBecadesépteat ed when the
HMCVT operating range falls out of the wupper regions. The
activation/deactivation point for the |ockup brake 80 will be determ ned
by the opefat§ rigf ORbRli ¢7BnR3e afell Pad afEt eFsngor LREKWBhPERESOBOSt at i onary
15 equi pment using the HMCVT. Anti-Recirculatory Reverser The sinplest
way taF revarseln h%l%‘#‘%c? i 6P Brey@etf ipgl pupp Eét pabmofUrRéngr afisni ssi on
is to reverse the drive notor. Wen this happens, the power in the
mechdiie #nbrahcing sopereyat 1y er apde t heTpoweeckwuprt hsakgdBAuksc branch is
greater than the input power. What is effectively happening is that

attached to one of the gears 10 driving the pump 22. When
the upper end of the operating range is reached, the lockup
brake 80 is activated, forcing the HMCVT into a pure 100%

10 mechanical mode. The lockup brake 80 can then be
deactivated when the HMCVT operating range falls out of the
upper regions. The activation/deactivation point for the
lockup brake 80 will be determined by the operating

conditions and parameters for the vehicle or stationary

15 equipment using the HMCVT.

Anti-Recirculatory Reverser

The simplest way to reverse the direction of the final
20 output of the transmission is to reverse the drive motor.
When this happens, the power in the mechanical branch is
negative and the power in the hydraulic branch is greater
than the input power. What is effectively happening is that
the drive motor must reverse the direction of the mechanical
25 output of the split speed, feeding power upstream through
the mechanical branch. To bkalance out the power eqguations,
the hydraulic branch must transfer an amount of power equal
to the input plus the recirculated power from the mechanical

branch.
15



the drive notor nmust reverse the direction of the nechanical 25 output of
the split speed, feeding power upstreamthrough the nechanical branch.
To bal ance out the power equations, the hydraulic branch nmust transfer
an anmount of power equal to the input plus the recircul ated power from
the mechanical branch. 15 2 2 MAY 2006 |In order to accomodayeay peps

i ncreased power |evels, both the hydraulic and the nechani cal branches
must have increased conponent strength and/or size, which is not 5

al ways practical or desirable. Therefore, an additional reverser
subsystem that avoids the need to reinforce the hydraulic is desirable.
One potential reverser subs séen190 as.shown in Fi 10 and 11

1
i nvol ves tHe 95374l FAtF OB aF%vEPgibP%rﬁéﬁ?HaPogg%gi?ﬂﬁgﬁf The i nput
40 i g cqnnected to | i di.ng.clutch/synchroni zer assenmhly 90. Dependin
on WD Jott PTG BT PE TRt SIEan For o0 (he HNEVT
cpnpqnents,e%$cludi%$ the drive ﬁung 52 and nDt0£.24,.mAII 15 rotate in
ei t hePTHETRSH P IR oV RT ST P eRBFORT & FRer “Hiplr 19eAPS (Fi gure 10)
b I Fi 11 b din.th | ut ch/synch [ 90,
PBue o B2 T o | S5 PO L 00- HEBF BEERanBh BARMEGRIERG ongi ne
t put dt i t t ] i the f] I 20
Ut SN SR i S TR, LhtC ST ERr T hgL BT aherar [ Bor 82" F856° ENGure 7y are

pr es%'g;[dréuq%yc s (feosnﬂea(l:tt)fg. to the power

One potential reverser subsystem 90 as shown in Figures

10 10 and 11 inveolves the installation of a reversible gear at
the input. The input 40 is connected to a sliding
clutch/synchronizer assembly 90. Depending on which gear is
engaged with the clutch/synchronizer 90, the HMCVT
components, including the drive pump 22 and motor 24, will

15 rotate in either the forward or reverse direction. Either
spur gears (Figure 10) or bevel gears (Figure 11) can be
used in the clutch/synchronizer 90, however, bevel gears
allow for a 90-degree change between the engine power output
and the main axes of the transmission (the final power

20 output). In either case, if steering planetariss 52 (see
Figure 7) are present, they are connected to the power
output through a preset gear ratio and a constant direction
so that the steering will function regardless of the

forward/reverse direction of the c¢lutch/synchronizer 90.

An alternative subsystem for the reverser shown 1n
Figure 12 disconnects the mechanical branch during reverse

hydraulic coperation and locks the mechanical output to the

le



out put through a preset gear ratio and a constant direction so that the
steering will function regardless of the forward/reverse direction of
the clutch/synchronizer 90. 25 An alternative subsystem for the reverser
shown in Figure 12 di sconnects the nechani cal branch duringﬁfeﬁgrse
hydraul i c operation and | ocks the nechanical output to the 1 DAY Akl
2006 transm ssion housing (not shown). In this case, the input shaft

al ways rotates in the sane direction. The mechanical output may be
selectively coupled to either the main shaft 26 or the transm ssion
housi ng by neans of a 5 clutch/synchronizer assenbly 112. \When the
nmechaff &a$ni put Pt hPYSEBENéBPEdShEEWRhe malntBASS €256, fHRnar® Sut put
speeds result. Wien the nmechanjcal output is connected to,  the housing,

t he ntlehihi @EVaYF ahehaF8s| oBkeaCoGRMSF It REC L LPENsNTLSSi BRCIR&IERse out put
speeds can then be achi eved gy 10 riversing,the directign of the drive
not orOUERertaY iR SBkeFhsVeelyCPHPSAEN tPhE L AYEF atiFc MBriEnSRadid cannot
be recircul ated back, through the nmechani cal branch. Accordingly, while
thi s 3vent flon HaanBERS §eBcRPYE4NFSPYI RaREf @fefice to il lustrative
enbodi nents, this description is not intended to be construed in a

| P tG e Sonsencvae R b2 npaFETRAY| 43 - of WRRE FhPuBEFBANYE2dnbodi ments, as
wel | as other enbodinments of the invention, will be apparent to persons
ski | latERyt the eprnepoadr epeFbAcBaip Fhpdt 26, forward output

speeds result. When the mechanical output is connected to
the housing, the mechanical branch is locked out of the
transmission. Reverse output speeds can then be achieved by
10 reversing the direction of the drive motor. DPower flows
exclusively through the hydraulic branch and cannot be

recirculated back through the mechanical branch.

Accordingly, while this invention has been described
15 with reference to illustrative embodiments, this description
is not intended to be construed in a limiting sense.
Various modifications of the illustrative embodiments, as
well as other embodiments of the invention, will be apparent
to persons skilled in the art upon reference to this
20 description. It is therefore contemplated that the appended
claims will cover any such modifications or embodiments as

fall withirn the scope of the invention.
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20 description. It is therefore contenplated that the appended clains
w Il cover any such nodifications or enbodinments as fall within the
scope of the invention. 17 2 2 MAY 2006 WVE CLAIM 1. A hydro-nechani cal
continuously variable transm ssion for a vehicle or stationary
equi pnent, conprising: 5 a) a input planetary gear set having &t bﬁpst a
ring gear, a sun gear and a carrier gear; b) a nmain power inp tl uam@d
to one of said ring gear, said sun gear and said carrier gear; c) a
conbi ner gear coupled to a main output shaft; 10 d) a hydraulic branch
havi ng a hydraulic punp and notor, said hydraulic branch receiving an
input from a second one of said ring gear, said sun gear and said
carrier gear and providing an hydraulic output; 15 e) a mechani cal
brandfE r ¥ing an input froma third one of said ring gear, said sun
gear and said _carrier gear_and providing a nechanical output to said
mai n Shaf t HETPERRFA2RAF AL cEABFABKOYEAY Variapépratireasms sedmsi ne said
hydraul i c output with said, 21 nmechanical output at said main output shaft
such Iqhat SRR ¢ aPpEnF SR T SARYEYr 8G4BNENper EEMPEGELIHE: transmi ssion
power arising fromsaid hydraulic branch as said nmain output shaft
i Bcr eases 2h %pé%@?t planétary gear set having at least a ring
gear, a sun gear and a carrier gear;
b} a main power input coupled to one of said ring gear,
said sun gear and said carrier gear:
c) a combiner gear coupled to a main output shaft;
10 d) a hydraulic branch having a hydraulic pump and
motor, said hydraulic branch receiving an input from
a second one of said ring gear, said sun gear and
said carrier gear and providing an hydraulic
output;
15 e) a mechanical branch receiving an input from a third
one of said ring gear, said sun gear and said
carrier gear and providing a mechanical output to
said main shaft and wherein said combiner gear is
operative to combine said hydraulic ocutput with said
27 mechanical output at said main output shaft such
that said transmission decreases a percentage of
transmission power arising from said hydraulic
ranch as said main output shaft increases in speed;
f) an ocutput planetary gear set coupled to said main
25 output shaft and to a power take off shaft;

g) a low speed shifting planetary clutch having an

input coupled to said output planetary gear set,
18



f) an output planetary gear set coupled to said main 25 output shaft and
to a power take off shaft; g) a | ow speed shifting planetary clutch
having an input coupled to said output planetary gear set, 18 2 2 MAY
2006 said | ow speed shifting planetary clutch being configured to create
a reduction in a gear ratio of said transm ssion; h) a high Z?Ef@d 00
shifting planetary clutch releasably 5 coupled to said nmain ug @haft
and, when applied thereto, provides a predeternm ned gear ratio between
the main output shaft and the power take off shaft; and (i) a

m croprocessor coupled to said transm ssion and 10 operative to sense a
shift in trafdddsdiovh sgaac shathtoinghd e arnyarsigh eotrPput speed so
that, after conbining with said nechanical output, a speed of said main
out put shaf t CRREATUIIRT thhFaRRtches redugidan ot shitedoviedttakef of f shaft
before shifting.. 15 fin 2. A transm ssion according to claim1, wherein
sai d predet eFALRed S LSRIB s 1:1. 3. A transnission according to
claim1l1, wherein said mcroprocessor is coupled to said hydraulic punp
and not or B t® B $PeBdaRllfbhrgpRrLANSRREY| AgUBFBNEEARGFS@PAt Ches, to

5 coupled to said main output shaft and, when applied
thereto, provides a predetermined gear ratioc between
the main output shaft and the power take off shaft;
and

{1} a microprocessor coupled teo said transmissicn and
10 operative to sense a shift in transmission geaxr
ratio and adjust hydraulic output speed so that,
after combining with said mechanical output, a speed
of said main output shaft after shifting matches a
speed of said power take off shaft before shifting.
15
2. A transmission according to claim 1, wherein said

predetermined gear ratio is 1:1.

3. A transmission according to claim 1, wherein said

"7 microprocessor is coupled to said hydraulic pump and motor,
to said high and low speed shifting planetary clutches, to -
an input to said hydraulic branch and to an output of said

hydraulic branch.

25 4. A transmission according to claim 1, wherein said main
cutput shaft is coupled to said sun gear of said output

planetary gear set, a ring gear of said output planetary
19



an input to said hydraulic branch and to an output of said hydraulic
branch. 25 4. A transm ssion according to claim1l, wherein said main

out put shaft is coupled to said sun gear of said output planetary gear
set, a ring gear of said output planetary 19 2 2 MAY 2006 gear set is
coupled to said | ow speed shifting planetary clutch, and a carrier of
said output planetary gear set is coupled to said power takel BAY Whaft .
5 5. Atransm ssion according to claim1, including a | aunch assi st
device to limt torque applied to said hydraulic branch at | ow output
speed, conprising an energy absorption device connected to said

hydr @igdt $gtanch ¢oppiedotpreside ovespsednebifsiadgedAngrp¥iyvng said
hydraul i c branch. 10 6. A transm ssion accordin% to claimb5, wherein said
ener S HBTor UG A dedF EeeT sCEofd 8| PEEPBY BARBELATYr §6R6CESSOES which
causes said energy absorption device to limt torque applied to said
hydr &ifurl et drehsatd veewer owrke5055e883ft7. A transni ssion according to
claim1, including a | ockup brake coupled to said hydraulic branch

i nput, operative to lock out said hydraulic branch and force all power

t hrough said nechani cal branch when said, nain outEut,shaft i's perating
ab a%r e- el AR Pt £t AgeC b L RE st Rnki Aiifh $peeBC LIRSt ParEHFSSI on

according to claim?1, 'jincluding an anti - . .
assf%t device to limgt torgue applied to said hydraulic

branch at low cutput speed, comprising an energy absorption
device connected to said hydraulic branch input to provide
resistance to a gear driving said hydraulic branch.

10
6. A transmission according to claim 5, wherein said
energy absorption device is controlled by said
microprocessor, which causes said energy absorption device
to limit torgue applied to said hydraulic branch at very low

15 speeds.

7. A transmission according to claim 1, including a lockup
brake coupled to said hydraulic branch input, operative to
lock out said hydraulic branch and force all power through
said mechanical branch when said main output shaft is

operating at a pre-selected percentage of its maximum speed.

8. A transmission according to claim 1, including an anti-

recirculating reverser device operative to allow said main
25 output shaft to operate in a reverse direction of motion

without developing a recirculating power flow upstream

through said mechanical branch.
20



recircul ating reverser device operative to allow said main 25 out put
shaft to operate in a reverse direction of notion wthout developing a
recircul ati ng power flow upstream through said nechanical branch. 20 2 2
MAY 2006 5 10 15 2" 9. A transm ssion according to claim1, including a
pl anetary steering systemconprising: a) a hydraulic punp; b) a
hydraulic nmotor; c) a zero shaft assenbly with one input coupled to said
hydraulic notor and two outputs geared to rotate at the san@z$m¢qﬁmbut
in opposite directions; and d) two planetary gear sets with i1dentical
gear ratios aligned coaxially with said main shaft, an input for each
pl anetary gear set coupled to one of said zero shaft outputs, a second
input, for_each planetary gear _set coupled to said. nmain shaft and an
outpd%‘forae%i%ngml§§?an ﬁgEHEQéPQ §aF L8éfs Ldi FBELEAINE Gpposite sides
of said vehicle or stationary equi pnent, said hydraulic punp and

hydr HATTE TR Gr S OpeF AR VEYFeem Combrising’

a) a hydraulic pump;
5 b) a hydraulic motor;

c} a zero shaft assembly with one input coupled to
said hydraulic motor and two outputs geared to
rotate at the same speed but in opposite
directions; and

10 d} two planetary gear sets with identical gear
ratios aligned coaxially with said main shaft,
an input for each planetary gear set coupled to
one of saild zero shaft outputs, a second input
for each planetary gear set coupled to said

15 main shaft and an output for each of said
planetary gear sets directed to opposite sides
of said wvehicle or stationary equipment, said
hydraulic pump and hydraulic motor operative to
control the amount of power available for said

2" zero shaft.

10. A transmission according to claim 8, wherein wherein
sald anti-recirculatory reverse comprises a
clutch/synchronizer assembly coupled to said mechanical

25 power output, said clutch assembly operative to selectively
engage said main shaft for forward output operation, a

housing of said transmission for reverse output operation,
21



control the anount of power available for said zero shaft. 10. A

transm ssion according to claim8, wherein wherein said
anti-recirculatory reverse conprises a clutch/synchronizer assenbly
coupl ed to said nechani cal 25 power output, said clutch assenbly
operative to selectively engage said nmain shaft for forward out put
operation, a housing of said transm ssion for reverse output? DMAY dilton
21 2 2 MAY 2006 and nothing for neutral output operation, such that in
reverse output operation said nmechanical output is prevented from
rotat|<£ (Hﬁlpome fl ows soiely t hrough sajd hydraullc branch. 5 11. The
t r anSRE ARG RE W MEFOF 2t P HTALE vPRFER h1 QR dSUaRt FB PECFPcuIatory

devi ce conprises a cIutch/s nchr pni zer coqued to said main g mg i nput,
sai d "R SHAM orftReratHali fig* w%eﬁ%%?%c cAtEBUEoaRi BFFYSBRSEi t her
side of said 10 clutc nchr oni zer sai d ears dr|V| a gear
Crat A2 Mtk Lt bR T GRS R EE Y| CAET N Sard BUAFARIEFns
coupled t one of said planetary gears and forward, neutral and reverse
r ot at¥GH Y- sai d mai n out put shaft determ ned by said

cl ut ch/ synchroni zer engagi ng one of said two gears, the 15 other of said
gears and neither of said two gears, respectively. 22

11. The transmission according to claim 1, wherein said
anti-recirculatory device comprises a clutch/synchronizer
coupled to said main power input, said clutch/synchronizer
having two gears located coaxially on either side of said

10 clutch/synchronizer, each of said gears driving a gear train
of equal and opposite gear multiplication, said gear trains
coupled to one of said planetary gears and forward, neutral
and reverse rotation of said main output shaft determined by
said clutch/synchronizer engaging one of said two gears, the

15 other of said two gears and neither of said two gears,

respectively.
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