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" GEAR- SHI'ETI NG MECHANI SMi GGATROLLED AND COMMANDED BY A GOVERNING UNIT IN AN
AUTOVATI C CONTROLLED WAY" The present. invention relates to a gear-shifting
mechani sm control | ed.and driven by a .governing unit in an automatic and
controll ed way-and manual l.y drivensby an operator. This mechani sm actuates
I n constantly nmeshed gear pairs acting in an exclusive way, that is, only a
gear pair will be active through this shilfting nechanism on this set of
assenbl ed gear pairs, all of themin tw of the sanme shafts, one for
novenent i nput and the other for novenent output. Gear pairs shifting
mechani sms in a gear box are universally utilized in the formof a hub

whi ch is displaced over a striated shaft and through by front teeth
engagi ng one gear or another. Shifting nechani smcan have a rotation
synchroni zing device to provide for the engagenent w thout teeth rubbing of
the coupling front teeth. During a speed change or a change of the neshed
pair of gears for the operation, which change is nade with the machi ne or
vehi cl e running or noving, a synchronization of the novenents of the parts
of the transm ssion box. These nmechani sns have been largely utilized al ong

the tine in the "GEARSHENTINGIMECHANISMI CONTRCLILEDTANDe COMMANDEDOBY. A
Mechani sms with synchroni zing rings are largely used and therefore fully

known and dom nagEYERINENG UNIT IN AN AUTOMATIC CONTROLLED WAY"

The present invention relates to a gear-shifting mechanism controlled
and driven by a governing unit in an automatic anfi controlled way and manually
driven by an operator. This mechanism actuates in conist'antly meshed gear pairs acting
in an exclusive way, that is, only a gear pair will be active through this shifting
mechanism, on this set of assembled gear pairs, all of | them in two of the same shafts,
one for movement input and the other for movement output.

Gear pairs shifting mechanisms in a gear box are universally utilized
in the form of a hub which is displaced over a striated shaft and through by front teeth
engaging one gear or another. Shifting mechanism can have a rotation synchronizing
device to provide for the engagement without teeth rubbing of the coupling front teeth.
During a speed change or a change of the meshed pair of gears for the operation,
which change is made with the machine or véhicle running or moving, a
synchronization of the movements of the parts of .thc transmission box.

These mechanisms have been &yly utilized along the time in the
mec.:hanical industry and in the automotive transmissions. Mechanisms with
*iy:nchrenizing rings are largely used and therefore fully known and dominated. These

~ shifting mechanisms with synchronizing rings are detailed in studies published by



shifting nmechanisns with synchronizing rings are detailed in studies
publ i shed by - 2 SAE(Society of Mechanical Engineers) under number 680008,
publ i shed on January, 68. The object of this invention is to offer a hew
conception of 'shifting nechani smactuating on the clutch between the notor
(engine) and the transm ssion when the power transm ssion assenbly has a
clutch actuating towards sel ecting and engagi ng a speed or a gear pair for
t he operation, thus synchronizing rotation. 4The shifting nechani sm actuates
by releasing the clutch in order to permt ghe sel ection of the gear pair

el oction of say AEpReeRy of MR KaREss it huffil SO, AANBARR U iy,

rotation of the tary menbers which are active during operation and once
synchroni zat i onléé' achi eved, the shifting nechani smprovides for the
engagenent of the selected pair for operation. Once this step is attained,
t he shifting mechani sm causdbe ohjectodfithis invention éstot dfferraoney conneption pf shiftinghe
transm ssion is closed and thus rotation and torque are now

mechanism actuating on the clutch between the motor (engine) and the transmission

‘when the power transmission assembly has a clutch actuating towards selecting and
engaging a speed or a gear pair for the operation, thus synchronizing rotation. The
shifting mechanism actuates by releasing the clutch in order to permit the selection of
the gear pair to be made from a set of constantly meshed gear pairs and once made
the selection of said gear pair, the shifting mechanism synchronizes the rotation of the
rotary members which are active during operation and once synchronization is
achieved, the shifting mechanism provides for the engagement of the selected pair for
operation. Once this step is attained, the shifting mechanism causes the clutch between
the motor (engine) and the ransmission is closed and thus rotation and torque are now
transmitted through the engine (motor) transmission to the output.

Figure 1 shows a typical application of the gear shifting mechanism
with constantly meshed gear pairs and of mutually exclusive actuation. The
transmission box has, a main portion, the constantly ‘meshed gear pairs. The gears
which are mounted on the hollow shaft 2 are mounted so as to slide over this shaft
and so they are mounted idler over the hollow shaft 2 on slipping bearings. These are
the gears carrying reference numerals 201, 2. 2, 203, 204, 205 and 206. Over a shaft

" 34 parallel to said hollow shaft 2, a set of gear pairs constantly meshed with above
cited gears is mounted in a fixed way. These gears 21.1. 212, 213, 214, 215 and 216

"« are fixed with the parallel shaft 34 and they rotate therewith as if they would be a part
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transmtted through the engine (notor) transmi ssion to the output Figure 1 -
shows a typical application of the gear shifting nechanismw th constantly
meshed gear pairs and of mutually exclusive actuation.” The transm ssion box
has, a main portion, the constantly neshed gear pairs.. The gears which are
mount ed on’the hollow shaft 2 are nmounted so as to slide over this shaft
and so they are nounted idler over the hollow shaft 2 on slipping bearings.
These are the gears carrying reference nunegal s 201, 202, 203, 204, 205 and
206. Over a shaft 34 parallel to said hollow shaft 2, a set of gear pairs

const ant | y neshhietedf. Beraésy the paraiisl ghafr 34 amd ttollod shafil,fa gead shafy paratielso
gears 211, 212, 213, 214, 215 and 216 are fixed with the parallel shaft 34
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boxes for vehicles in order to have the reverse speed. Before the holl ow
shaft 2 as wel | omier af haye théreevprse speed Before the hollow shaft 2 as well as after the parallel
shaft 34, many shafts as are necessary to the design can be present. The number of
constantly meshed gear pairs depends upon the design and the application.
Figure 2 shows a variation of the engagement and disengagement
mechanism when actuated by a hydraulic or pneumatic system driven and governed
by the governing unit 18 acwating in conjunction with a relay and coil logic 54
driving the opening for the inlet of hydraulic fluid or compressed air.
Figure 3 shows a variation of the engagement and disengagement
mechanism when actuated by an actuation system through an electromagnetic solenoid
driven and governed by the governing unit 18 which acts on i relay 1ogic_: set 83
driving the energization or de-energization of coil 75 through a electrical voltage
source 84 forming part of the actuating solenoid 71.
Figure 4 shows the shifting mechanism mounted on a machine with
a clutch wherein one has the electric motor or other type of constant rotation motor
101 providing power to the machine, a clutch box 102 between the motor and the
transmission box 103 with constantly meshed gear pairs, the shifting mechanism 104
_and the rotation and torque output 105. In order to actuate the clutch, there is an
- .actuation mechanism forming part of the same shifting mechanism 104 which
'. cni:ompasses also this actuadon function in the clutch box 102. Between the clutch

box 102 and the ransmission box 103, there is a mechanical linkage element which



shaft 34, many shafts as are necessary to the design can be present. The
nunber of constantly neshed gear. pairs depends upon the design and the :
application. Figure 2 shows a variation of the engagenent and di sengagenent
mechani sm when-actuated by a hydraulic or pneumatic systemdriven and
governed by the governing unit 18 actuating in conjunction with a relay and
coil logic 54 driving the opening for the inlet of hydraulic fluid or
conpressed air. Figure 3 shows a variation of the engagenent and

di sengagenent nechani sm when actuated by an actuation systemthrough an
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acts on a rel a&oﬁ@glﬁgg et g":’,ﬁ ri v?ggq{aﬁgkgﬁ%rgﬁg?@gg%g?bglg-g%g?giazation of
coil 75 through_a .electtical. vpltage.source 84 form of t

actuating sol emcfﬁgplﬂ%?ﬁméeﬁ@ﬂgﬁgw At fﬁﬁ%’gr@%@ iﬂﬂ%ﬂﬁ‘ed on a
machine with a clutch wherein one has the electric notor or other type of
constant rotation notor 101FigumyiSdishews dhe rshifsing hmeghanisme 104 mpunted 972
102 between the notor and the transm ssion box 103 with constantly neshed

gear pairs, theytthbtive echitié provided witrh aﬁtdh,txhevmmmwmgwﬁnﬂmmmn
105. In order to actuate the clutch, there is an -actuati on nechani sm
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power to the vehicle with variable rotation. Between the motor and the transmission

box there is the clutch 122, the transmission box with constantly meshed gear pairs
123, the movement and torque output for the differential 128, through an universal
joint 126 and drive shaft 127 and from there to the vehicle wheels 129. The same
concept of the object of this invcnﬁon is also applied to forward drive vehicles. The
schematic representation seen through figure 5 shows a rear drive vehicle. For forward
drive vehicle; the whole concept remains the same, changing only the linkage means
between output 125 of the transmission box 123 and differenial 128.

The object of this invention is also to offer a way of coupling gears
so that the shifting mechanism has one of its portions, that is, the engagement and
selection portions mounted internally of a shaft or they can be mounted also in more
than one shaft and this mechanism has conditions to be driven through a governing -
unit 18 automatically or through the govemning unit by the action of an operator or
driver. The mechanical portion of the shifting mechanism comprises the parts fnoumed
internally to the shaft, the actuating parts, a chain or belt transmission, and actuating

" electric motors. Between the electric motors and the governing unit 18, there are
' élcctr.o-electronic devices called servo-actuators 17 prbviding power to the motors as

the governing unit 18 sends decoded signals to these servo-actuators so that these
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box 102 and the transm ssion box 103, there i.s a nechanical |inkage el ement
whi ch -4 could be a pair of pulleys 106 coupled by a belt 107, or could

be also a rigid or elastic coupling, this elenent being not detailed for
bei ng perfectly known. Figure 5 shows the shifting nmechani sm 104 nounted on
a autonotive vehicle provided with a clutch, the vehicle having the driving
mot or which could be a internal conbustion engine or sone other kind of

notor 121 delivering power to the vehicle wigh variable rotation.
the nmotor and the transm ssion box there is the clutch 122, the

transm ssi on box w const , | ts Ofe3ts:

torque output fEAUSERE ?ﬁlﬁﬁtﬁgﬁgg@&#ﬁ%ﬁéﬁrﬁﬁ%r@ai JO# nt 1f26 and
drive shaft 127 and fromthere to the vehicle wheels 129. The sane concept
of the object obytthe Iogic,0EHie EaVemINGIME applied to forward drive vehicles.
The schematic representation seen through figure 5 shows a rear drive

vehicle. For forward drive \Rijirel6shotwhén aisciiematicrwaypthe hierarchy ofithe drives, The
changi ng only the |Iinkage nmeans between output 125 of the transm ssion box

123 and dif fer ent{@hidefnit 18 is physically constitated by an electronic hardware based on the
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microprocessor. The governing unit 18 has also in the memory thereof, a program
(software) 18A managing all the events of driving, conwol, actuating and sensing for
the shifting mechanism. The managing hardwaﬁ and software portions 18A of the
governing unit 18 in the case of the application shown in figure 4, can be built-in
inside the central processing unit (CPU) of a COMPUTERIZED NUMERICAL
CONTROL (CNC) or inside the central processing unit of a PROGRAMMABLE
LOGIC CONTROLLER (PLC) which can fit the machine wherein the shifting
mechanism is being applied. This goveming unit 18 receives pulses to operate,
manually by action of the operator, through the lever 120 or other data input means,
or automatically through the managing software 18A itself which is the managing
program which possess the whole logic for automatic functioning. This program is
stored in the governing unit 18. At the immediate level, there is the electronic servo-
actuator assembly 17 of the actuating motors. Each electronic servo-actuator actuates
a motor for the following purposes: clutch actuating motor 33 actuated by the electro-
electronic actuator 33A and said clutch can have the releasing and clutching event
effected by another sort of system which can be hydraulic or pneumatc, the
* synchronization actuating motor 16 actuated by the electro-electronic actuator 16A, the
actuation motor 13 for selection of the gear pair actuated by the electro-electronic

19A. Concemning the rcleasing and clutching system of the clutch and the modulation



The object of this invention is also to offer a way of coupling gears so
that the shifting mechanismhas one of its portions, that is; the S
engagement and sel ection portions nmounted internally .of a shaft or t hey can
be mounted also in nore than one shaft and this nmechani sm has conditions to
be driven through a governing unit 18 automatically or through the
governing unit by the action of an operator or driver. The nechani cal
portion of the shifting mechani sm conprisesgthe parts nmounted internally to
the shaft, the actuating parts, a chain or Delt transm ssion, and actuating
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there are el ect S%te gé‘gl ces ca servo- %?t uayors I di n
power to the nDtors as the governing unit 1 nds decoded s hese
servo- act uat or speenmaticractuators, pilotedand GOY%°£W Sage EOVEENRE ’(“%F\géc‘f‘ﬁé‘r’ei‘?gm
electric notors to act in the sequence foreseen by the |ogic of the
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drives. The governing unit 18 is physically constituted by an el ectronic
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a hydraulic piston according to figure 2 or a pneumatic piston according to figure 2
or throuéh a mechanism composed by an electromagnetic solenoid and a spring
according to figure 3. Said motors as well as the servo-actuators thereof 17 can be of
electric direct current or electric alternating current. Lastly, the system is completed
in a closed loop through a set of sensors 37 of feedback of positioning, rotation and
load data.

'fhe mechanical portion of the shift mechanism 104 has three basic
constructions, identical as to the location of the gear pairs, but with three
variants of the engagement mechanism of the located and selected gear pairs. The
variants are shown through figures 1, 2 and 3 and are explained along such disclosure.

‘fhe first comstruction of thé mechanical portion of the shift
mechanism 104 is disclosed in detail in its internal part of selection _of the gear pair
or selection of speed and engagement of said speed. This first construction utilizes the
engagement motor 19 as shown in figure 1. |

This first construction comprises a locating tube 1 sliding on the

| hoilo;v ;haft 2 of the gears to be engaged. The constantly meshed gear pairs of the
. ansmission box 103, 123 of figures 4 and 5, have one of the gears of the pairs

:m,ountcd idler on the hollow shaft 2 and the corresponding gears of the constantly

meshed gears mounted in a parallel shaft 34, parallel to the hollow shaft 2 and



(software) 18A managing all ‘the events of .driving, control, actuating and
sensing for the shifting nechani sm The managi ng hardware .and software
portions 18A of the governing unit 18-in the case of the application shown
in figure 4, can be built-in inside the central processing unit (CPU) of a
COVPUTERI ZED NUMERI CAL CONTROL (CNC) or inside the central processing unit
of a PROGRAMVABLE LOG C CONTROLLER (PLC) which can fit the machi ne wherein
the shifting mechanismis being applied. Thi s, governing unit 18 receives
pul ses to operate, manually by action of the’operator, through the |ever
120 or other data input neans, .or .aut tically thro t he aqi .
sof tware 18A it@?%%@&?ﬁ%{ %ﬁ%ﬁﬁa s %R té'ﬁ\%h#gﬁe B@qugh&hggmelsé‘d
| ogic for automatic functioning. This programis stored in the governing
unit 18. At the geawemtan in one4piece. This idcating wbe loanchave avthe eadithereofr five
assenbly 17 of the actuating notors. Each el ectronic servo-actuator
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actuated by the electro- electronic actuator 33A and said clutch can have

the rel easing and _clufchin e@ ed. not her sort of system which
can be hydraul i c" SR HRETRE M,Eﬁﬁ;‘ ‘3‘/ At ot ﬁt%l"g'n actuating notor 16
actuated by the electro-electroni¢c actuatqor 16A, the actuation mytor 15 for

sel ection of the gear pair a&l@yse dsheys stid gearscwhigh ptate idlsgian the sollow shaft 2
Concerning the releasing and clutching systemof the clutch and the

modul ati on and form part of the constantly meshed gear pairs of the transmission box 103, 123,

L

These are gears whose external teeth 150 which transmit torque and rotation, are
constructed by the techniques of cutting and machining teeth already known in the
mechanical manufacturing art and each constantly meshed gear pair has its
transmission ratio in conformity with the plurality of the constant'y meshed gear pairs.
Said gears which rotate idler on the hollow shaft 2 have at the internal portion thereof
and in the inner hole where the hollow shaft 2 centered by its centerline 151 of the
external teeth 150, an internal teeth set 4¢ so that in these teeth, there are coupled the
teeth 4a of the engagement pins 4. In both sides of internal teeth 4c, in the inner hole
of the idler gear, sliding bearin.gs 152 are embedded which allow that the gear, when
it is not engaged by the engagement pins 4, rotates idly on the hollow shaft 2 with
minimum friction and with minimum energy dissipation and in a balanced way since
said sliding bcaringﬁ 152 are mounted on both sides of the internal teeth 4c. The
spacing of internal teeth 4c and the dimensions thereof permit coupling with teeth 4a
of the engagement pins 4. Said gears which rotate idler on hollow shaft 2 have as
pair the gears which are engaged on the parallel shaft 34 and are constantly meshed
therewith pair by pair. Hollow shaft 2 for each constantly meshed gear pair which

gears are mounted thereon, has a row of radially disposed holes equally spaced and
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6 thereof for its operation, the actuating nechani sm.can be other such as
hydraul i c or.pneunatic actuators, -piloted and governed by the sane
governing unit 18 with a l.ogic suitable and proper .for the application. The
engagenent notor 19 as well as the whol e engagenent nechani sm di scl osed in
t he can have other constructive options through a hydraulic piston
according to figure 2 or a pneumatic piston according to figure 2 or

t hrough a nechani sm conposed by an electronagnetic sol enoid and a spring

according to flgure 3. Said notors as wel | t he servo-actuators thereof
17 can be of ele
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as to the Iocatlon of the gear pairs, but with three variants of the

engagenent mechaotgue and totatidnoafathe dioHow shaftel toe theggear of dlier sonstndyvmeshad pair
are shown through figures 1, 2 and 3 and are expl ained al ong such

di scl osure. selected for the work. In order to have a perfect location position in the movement of

selection of the constantly meshed gear pair, the selection mechanism is provided with
a positioning sensor 37b which can be ﬁn;ar or rotary and which senses the position
of the locating tube 1 and informs the governing unit 18 so that it monitors and drives
the system.

Figure 8 shows the gears engaged on the parallel shaft 34 which are
engaged by means of a type of polygonal coupling 160, that is, the central hole of the
gear has no more a round shape but rather a polygonal shape 160. In figure 8, there
is represented the polygonal hole 160 with three sides, but it can have four or more
sides. The advaniage of this system is that it does not need to use keys or internal
teeth in the gear for attachment with the corresponding shaft. Parallel shaft 34 also is
not cifcular and in the portion thereof on which the gears of the constantly meshed
pairs are mounted on this parallel shaft 34, exactly the same outer polygonal contour
160 is present. Therefore, the gear and the shaft are always attached for ransmitting
rotation aﬁd torque. The locating tube 1 has the function of selecting the speeds or of
selecting the gear pair to be engaged. In order that the locating tube 1 effects the
selection, it has to slide within the hollow shaft 2 so that the centerline of the radial
holes which contain the engagement pins 4 is positioned, this centerline 151 as seen
in figure 7 is located in the center of the internal teeth 4c of the gear of which the pair

will be selected. So that hollow shaft 2 rotates always integral with the locating tube
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The first construction of the mechani cal portii on of the shift mechanism 104
i's disclosed in detail .in-its internal part of selection of the gear pair -

or selection of speed and engagement of said speed: This first construction e

utilizes the engagenent notor 19 as shown in figure 1. This first
constructi on conprises a locating tube 1 sliding on the hollow shaft 2 of
the gears to be engaged. The constantly nmeshed gear pairs of the

transm ssion box 103, 123 of figures 4 and 5 have one of the gears of the
pairs mounted idler on the hollow shaft 2 afd the correspondi ng gears of

the constantly t I N shaft ;3 rallel he
ot T ow hart 3 v optR A e BAeR 4 ke bRk R Aday B 3erest it Bl
as if the parallel shaft 34 and said gears were an integral one-piece. This
| ocati ng tube 1bmah€nalwmmme§m sastiqn. e this loeating mbe lowish radialdoles -
hol es, the anmount of radial holes will deperd on the nechanical torque

transmitted thrqimotied is m@gemexhcp&xsﬁmmaesﬁmmmmhﬁw\vhmm
rotate idler on the holl ow shaft

serve to connect the gear of the selected of the hollow shaft 2 e therefore said gear
and its pair start to transmit torque and rotation ¢ all remaining gear pairs which are
constantly meshed, which are rotating idler, that is, without transmitting rotation and
torque. The engagement pins 4 as shown in ﬁgufe 1B, are radially mounted on the end
of the locating tube 1 and are radially disposed and are equally spaced in the diameter
according to figure 1A. Eﬁgagement pins 4 have at their clutching end, teeth 4a which
are coupled to the internal teeth 4¢c as shown in figure 7. In ﬁgure.s 1A and 1B,
engagement pin 4 is represented with only one tooth 4a, but it can be provided with
one or more teeth 4a which will be coupled to the internal teeth of the gears 4c. At
the other end of the engagement pin 4, ¢ has a sliding inclined plane 4b with a
suitable angle to slide over an actuating tip 5. Engagement pins 4 are engaged on the
actuating tp 5 in guides 6 shown in figure 1C. Engagement pins 4 have slots 6A
permitting this coupling. In the clutching movement, when the engagement pins 4 are
actuated outwardly against the gear internal teeth 4c, engagement pin 4 bears on the
actuating tp 5. In the disengagement movement, when the engagement pin 4 goes out
“of the gear intemnal tooth 4c. said engagement pin is pulled by the guides 6 of the
actuating tip 5 pulling engagement pin 4 through the slot 6a thereof and through the
surface 6b of said slot 6a which is T-shaped. Guides 6 of the actuating tip 5 can be
. _Ql_igpjng or rolling guides. T-shaped slot 6a serve to keep the engagement pin 6

attached to the actuating tip § so that this is extracted for disengagement. To retract



and form part of the constantly meshed gear pairs of the transnmission box - -
103, 123. These .are gears -whose external teeth 150 which transmit torque -
and rotation, are constructed by the techni ques of cutting and machining
teeth already known in the nmechani cal manufacturing art. and each constantly
meshed gear pair has its transmission ratio in conformity with the
plurality of the constant y neshed gear pairs. Said gears which rotate

idler on the hollow shaft 2 have at the intgmgal portion thereof and in the
i nner hol e where the hollow shaft 2 centered by its centerline 151 of the

external teeth ngg%eﬂg I m%@““ﬁ kO ds %ﬂ{f}&ﬁ , Ip?&ﬂ
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internal teeth 4c, in the inner .hole of t idler ge sl,i.di ng,beari.n
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engagenent pins 4, rotates idly on the hollow shaft 2 with mninmumfriction
and wi th mi ni nurthe pinsggiways keeping e remragtiom farcsrof engagemens pinsi 4 ncs shejactuating
sliding bearings 152 are nounted on both sides of the internal teeth 4c.

The spacing of iy §hi§firat@a] éhghgerBért pities leribsretiicted By ettt sRthispringl/Whefd

with teeth 4a of the engagenent pins 4. Said gears which rotate idler on
hol | ow shaft 2 ' | r . :
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tube 1 to select a new gear pair without said engagement pins 4 rubbing out or

interferihg with the intemal hole of hollow shaft 2 during the selection movement of
locating tube 1. The selection movement is monitored by a positioning sensor 37b to
ensure accuracy of said positioning. The movement of location and selection of the
gear pair to be selectively meshed is made by a lug nut 7 engaged in locating tube
locating tube 1 by a roller bearing 8 permitting the lug nut 7 causes the locating tube
1 which is rotating with hollow shaft 2, to slide within hollow shaft 2 and to
selectively locate the gear of the gear pair to be meshed. Lug nut 7 does not rotate
with locating tube 1 because of the roller bearing 8 but, through this roller bearing 8
pushed and pulls locating tube 1 to the selection position. The part which makes lug
nut 7 to slide in order to pull or push locating tube: 1 into selection is a spindle 9
which is bi-supported on a housing 10 of the transmission, through two roller bearings
11, 12. To this spindle 9, there is splined a synchronizing pulley 13 or a toothed
pulley -which, through a synchronizing toethed belt or chain 14 is given movement
.frorfn a direct or alternating current servomotor 15. This motor 15 is driven by an
electro=electronic apparatus for power transmission referred to as servo-actuator (15a)

which is scher:;a;ﬁcally dcpicted in figure 6. Servo-actuator 15a teceive§ drives to
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8 centered exactly in the centerline 151 of each gear nounted idler on the
shaft It is through these holes of the hollow shaft 2 that the engagenent
pins 4 will transm-t torque and rotation of the hollow shaft 2 to the gear
of the constantly meshed pair selected for the work. In order to have a
perfect location position in the novement of selection of the constantly
meshed gear pair, the selection nechanismis provided with a positioning
sensor 37b which can be linear or rotary and _which senses the position of
the locating tube 1 and inforns the governi unit 18 so that it nonitors
and drives the system_ Fi e 8 shows the geals, engaged on th al Lel,.
Shaft 34 which AFBHE TN 15, 1o AcHAE Jpowr 14 of ihe svemming, no I8, The cliighing
that is, the central hole of the gear has no nore a round shape but rather
a pol ygonal shapmovehgent on thei movemedt of the engdgemeatpias 41is effecterdthyoughjongirudingl o
160 with three sides, but it can have four or nore sides. The advantage of

this systemis tfssladeimen®asialpiofN18MingOubeq Akl feldtivel 0! Bis Ratigetdbel I éfhthe
gear for attachment with the corresponding shaft. Parallel shaft 34 also is

actuating tip 5 to which engagement pins 4 are engaged through slots in the bases of

said engagement ﬁins 4, in the guides 6 of said actuating tip 5. The clutching
movements of said engagement pins 4 are radial and perperdicular to the axial
displacement of the actating tip 5. The actuating tip 5 besides rotating together with
said locating tube 1 ¢ displacing with this locating tube 1 axially to cause the location
and selection movement, has also a relative axial movement with this locating tube
1, which axial movement is inherent to the actuating tip 5§ which is independent of
locating tube 1. This axial movement permits to transfer axial movement to
engagement pins 4 through an end cone of the actuating tip 5 and through said end
with inclined plane 4b of engagement pins 4. Actuating tip 5 rotates together with
locating tube 1 since it is engaged to enéagcmcnt pins 4 and these are mounted within
locating tube 1 by the radial holes. The positioning accuracy of the actuating tip 5 to
effect the engagement or disengagement event is ensured by the monitoration made
by the positioning sensor 37a which could linear or rotary. As a first alternative,
;ccording to figure 1, so that the actuating tip 5 effects axial movement and promotes
| fadial movement of engagement pins 4 into locating tube 1 and engages the gear of
the selected gear pair, said actuating tip 5 is given a:;ial movement from an extended
screw 25 which is not rotated but is only axially displaced pushing actuating tip 5
through a roller bearing 31. Extended screw 25 is not rotated since it is engaged in an

anchoring tube 27 through a key 27a and this anchoring tube is engaged to a cap 28



not circular and in the por ti on thereof on mhlch t he gears. of . the
constantly meshed pairs are nounted on this paral |l el shaft 34, exactly the
sanme outer polygonal contour 160 is present. Therefore, the gear and the
shaft are always attached for transmtting rotation and torque. The

| ocating tube 1 has the function of selecting the.speeds or of selecting
the gear pair to be engaged. In order that the |ocating tube 1 effects the -
selection, it has to slide within the hollowsshaft 2 so that the centerline
of the radial holes which contain the engagenent pins 4 is positioned, this

centerline 151 hideR i if setufed t6 the wafRission hbusilg 108 AnCéxitded har RAtwHioR
teeth 4c of the gear of which the pair will be se ected So that hol | ow

attached thr ought HORESS IAER st e {'Sod ALy FeroouHY doos pls oot s ke
but keep them always with the same rotation. In this Iocatlng tube 1 with

radi al hol es arémmasasolmwy%a@éhmhem pesoits hat spid extended aye 24
of hol.es; which pins serve to connect the gear of the selected of the

hol | ow shaft 2 4s ohlyr winsiaedsaxiallyyedth localingttabed) By soating trdepermdenty tof lorating
and rotation e all remaining gear pairs which are

tube 1, extended nut 24 causes the extended screw 25 moves axially within anchoring

p6D

tube 27 e thereby extended screw 25 pulls or pushes actuating tip 5. Extended nut 24
rotates by being given rotation movement from a turning tube 22 through key 23
which attaches said extended nut 24 to a turning tube 22. Turning tube 22 has its own
rotational movement. Turning tube 22 does not displace axially in relation to the
transmission housing 10 since it is attached to this transmission housing 10 thr:ough. '
roller bearing 29. Extended nut 24 is ﬁways attached to turning tube 22 through ke._y___ v
23 as the turning nut 24 which is mounted within locating twbe 1 moves axially
therewith. Extended nut 24 enters and exits within turning tube 22 as l@ﬁng tube 1
is displaced for location since extended nut 24 is attached to locating tube 1 by roller
bearing 30. Turning 22 rotates by means of synchronizing or toothed pulley 20 which
is engaged in said turning tube 22 through key 21. Synchronizing or toothed pulley
20 is given movement through the synchronizing beit or chain 32 which is given
rotation movement from the direct or alternating current motor 19 through said
*_synchronizing or toothed pulley 20. Extended nut 24 rotates and thereby actuated
‘ ~extended screw 25 to be axially displaced rightwards or leftwards, depending upon the
tuming_ direction imposed by the direct or alternating current motor 19. Therefore,
with move?nent of actuating tip 5 caused by the axial movement of extended screw

25 to which said actuating tip 5 is attached through roller bearing 31, engagement pins
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constantly meshed, which are rotating idler, that is, wthout transmtting
rotati on and torque. The engagenent pins 4 as shown in figure 1B, are

radi ally mounted on the end of the locating tube 1 and are radially

di sposed and are equally spaced in the diameter according to figure 1A
Engagenent pins 4 have at their clutching end, teeth 4a which are coupl ed
to the internal teeth 4c as shown in figure 7. In figures 1A and 1B,
engagenment pin 4 is represented with only ong tooth 4a, but it can be
provided with one or nore teeth 4a whi.ch will be coupled to the internal

teeth of the geardngige af dishigagh o gaPthon e Ricepasgarpar. pin 4, © has a

sliding inclined pllane 4b with a suitable angle to slide over an actuating

tip 5. Engagenent pins 4 are, eng d.on the actuating tip 5,i ui des 6
shown in figure IC Engagemﬁs[ qp?‘%gnql NEFLILE o T 3850 i 4 nggg’ﬁi g S0-that
coupling. In the clutchjng novenent, when the engagenent pins 4 are

act uat ed out war @psuaag&i%g qarries ik the gKial magvemest land promeigs gadish mqyement of
bears on the actuating tip 5. In the disengagenent novenent, when the

engagenment pin 4ngeganemipimf4 withinglecatingrtube Naindtengide dear of alhelsele@ed) geajair,
pinis pulled by the guides 6 of the actuating tip 5 pulling engagenent pin
4 through the sl i i s dhévee Eﬁﬁ? :SAl ’
which is T-shapesgi.d gé}}ld{t??fgf@t eetgl%t uating F?égE caraﬁ%g&s ?%S?srﬁg&g‘r)mm
rolling guides. T-shaped slat 6a serve to_keep the engagenent_pin 6 ]
attached to the d&@?d’ﬁ’?i‘ﬂﬁ“t ?‘B‘:‘S“sfg%a’[mt%@ _@Wr%&’ﬁ‘gﬁnﬁgrB&“@EMfﬁﬂ’éﬁﬁﬁt

To retract

:

piston 40 and actuation cylinder 41, the only exists relatively the axial movement and
so that one does not rotate in relation to the other, these two are attached through key
42. Since the actuating tip 5 is attached to engagement pins 4 and this asse:'nbly.
always rotates with hollow shaft 2, in order that non-rotating actuation piston 40 can
push and pull actuating tip 5, said actuation piston 40 is attached to said actuating tip
5 through roller bearing 43 which permits transmission of the axial movement from
the actuation piston 40 to said actuating tip 5. Actuation piston 40 moves axially
within actuation cylinder 41 by hydraulic or pneumatic action, and the actuation
movement of said actuation piston 40 is such ﬁat engagement pins 4 can engage teeth
4a in intemnal teeth 4¢ of the gear from the selected pair, and the hydraulic fluid or
compressed air will be sent to an actuation chamber 44 of said actuation cylinder 41
through actuation orifice 43 in the axis of actuation piston 40, a deactuation chamber
46 being connected in a free of pressure fashion to a tank or outlet 56. So that
.2ngagement pins 4 are bulled to disengage teeth 4a trom internal teeth 4¢ of the gear
from the previously selected pair and that will be now shifted, hydraulic fluid or
‘compressed air will be sent to deactuation chamber 46 through deactuation orifice 47

in the axis of acation piston 40, actuation chamber being connected in a free of



10 sai d engagenment pins 4, retracting springs are used as a sol ution,
wherein a "T"-profile is no-longer necessary for retraction.. The springs
are disposed in a radial fashion |like the pins,always keeping the
retraction force of engagenent pins 4. Once the actuating tip 5 1is
retracted, engagenent pins 4 are also retracted by effect of the springs.
When t he engagenent pins 4 are totally retracted with the locating tube 1, -
they will have a dianeter smaller that the g'aneter of hollow shaft 2 so
that they nove with locating tube 1 to sele a new gear pair wthout said

engagenent pins_4.rubR tar® or I | jaternal hole of
hol | ow shaft 2 dur nagfﬁgmggl ect?rg%hﬁéébgr%l%?g%#é!{?g%gﬁ lr‘irg q%&ﬁglﬁv.’ glocaung
sel ection nmovenment js nonitored, hy a positioning, sensor 37b to ensure

accuracy of sai Bb§ok PETORFRRg thatritds displaced fop selection; iAsuasion cydinder; 4b does nethe
gear pair to be selectively neshed is nmade by a lug nut 7 engaged in

| ocating tube | caateiwith hollow shaf2 butrathéreit isdisplaged aRiafigrthérewith gutihg niovement
7. causes the locating tube 1 which is rotating with hollow shaft 2, to

slide within holkguecivnldf e g¥af phi? ferIpRrdton CAYuhB6RERindeR 4 D fodralhed BholBH

pair to be neshed. Lug nut 7 does not rotate
shaft 2 through roller bearings 48 which allow for relative rotation therebetween and

do not allow for axial movement therebetween. Actuation cylinder 41 possess an
extension 49 which is connected to an anchoring tube 50. Extension 49 enters and
exists anchoring tube 50 during selection movement of the gear pair and anchoring
tube 50 is engaged in the housing of the transmission box 10 and therefore is secured
without moving. A key 51 attaches said anchoring tube 50 with extension 49 of
actuation cylinder 41, thus causing said actuation cylinder 41 not to have relative
rotation with housing 10 and have only relative axial movement with housing 10. Said
extension 49 also houses within it, actuation and deactuation ducts 52 and 52 which
carry hydraulic fluid or compressed air. Flow of compressed air or hydraulic fluid into
actuation cylinder 41, to effect actuadon of actuation piston 40 and consequently to
effect engagement and disengagement of the selected gear pair through engagement
pins 4 is made by actuation and deactuation 52 and 53. Governing unit 18 acts in a
relay and coil logic 54 which direct hydraulic fluid or compressed air from a source
55 of hydraulic fluid or compressed air for the actuation and deactuation 52 and 353
with return to zero pressure, and tank 56 or outlet on the opposite side to the actuation
effect.

As a third alternative, according to figure 3, in order that actuating

tip 5 can effect axial movement and promote radial movement of engagement pins 4



with locating tube 1 because of the roller bearing 8 ‘but, through this -
rol l.er bearing-8 pushed and pulls locating tube 1 to the selection . I
position. The part which nmakes lug nut 7 to slide in order to pull or push

| ocating tube 1 into selection is a spindle 9 which is bi-supported on a
housi ng 10 of the transm ssion, through two roller bearings 11, 12. To this
spindle 9, there is splined a synchronizing pulley 13 or a toothed pulley
whi ch, through a synchronizing toothed belt gy chain 14 is given novenent
froma direct or alternating current servonotor 15. This nmotor 15 is driven

by an el ect r o=elwigiindo¢atingpy dtané ch ¥eHf the 3BREES i Bid &udRgdd 5
servo-actuator (15a) whi c% IS schenaﬁgg%el y depicted fgﬁ&?F%ﬁrsg{dg gtp 3

Servo-actuator 153. ' ' uat t.or .15 to actuate .mptor
Ta of the gover if Riych Rl Eibveikieto dn aerBiin Bhrio 7hiER abehidt sHiaies i Rrms
engagenent pins 4 is_effected tq%ough | ongi t udi nal di spl acenent axially of
| ocating tube 1 PaflOf dnaR¢Tyanng clecramagnere i3ﬁ§n9’db31~1,366\'¢°ﬂh@iwpnammn'éa/tané
5 to which engagenent pins 4 are engaged through slots in the bases of said
engagenent pins electomagnetic) solemaid 6 1pthersnischndy teladvely thei 4xidl. mdveenenk dhd 86 nigat
novenents of said engagenent pins 4 are radial and perperdicular to the
axi al one does not rotate relative to the other, these are attached ty a key 72. Since
actuating tip 5 is attached to engagement pins 4 and this assembly always rotates with
hollow shaft 2, in order that actuating pin 70 which does not rotate can push or pull
actuating tip 3, said actuating pin 70 is attached to said actuating tip 5 through a roller
bearing 73 which permits transmission of axial movement from actuating pin 70 t0
actuating tip 5. Actuating pin 70 moves axially within electromagnetic solenoid 71 by
mechanical or magnetic action through the effect of a spring 74, and the actuation
movement of actuating pin 70 pushes engagement pins 4 to engage teeth 4a into the
internal teeth 4c of the gear of the selected pair, and the electrical potential difference
applied to the coil 75 of electromagnetic solenoid 74 is removed causing spring 74 to
push actuating pin 70 to effect engagement movement of actuating tip 5. In the
meshed gear position, with all engagement pins 4 coupled to the gear, actuating pin
70 is retained by the action of spring 74 and by a mechanical lock 76. So that
engagement pins 4 are pulled to disengage teeth 4a from the internal teeth 4c of the
‘gear of the previously selected pair and that will be now shifted, an electric potential
- difference is applied to the coil 75 o electromagnetic solenoid 71 to perform
disengagement movement of actuating tip 5. The movement of actuating pin 70 is

made by the electromagnetic force induced by the coil 75 of electromagnetic solenoid

71 which overcomes the force of spring 74 and the force of the mechanical lock 76
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di spl-acenent of the actuating tip 5. The actuating tip 5 besides rotating
together with said Jocating tube 1 e displacing with this locating tube 1
axially to cause the location and sel ection novenent, has also a relative
axi al movenent with this locating tube 1, which axial novenent is inherent
to the actuating tip 5 which is independent of l|ocating tube 1. This axi al
novenment permts to transfer axial novenent to engagenent pins 4 through an

end cone of the actuating tip 5 and through igl d end with inclined plane 4b
of engagenment pins 4. Actuating tip 5 rotatesVtogether with [ocating tube 1

since it is engaged t.o engagenent pins 4 and these ar unted within . .
Tocating tube 1 B9 rHEES By Fgagtment ping,d 2ep lorArng Slhe L BREITHAE (RS this will
actuating tip 5 to effect the engagenent or disengagenent event is ensured

by the nonitor at ibendisplageditp affest ghesseldction mpovement of Bveanewi gear paix| for |opexation.
or rotary. As a first alternative, according to figure 1, so that the

actuating tip 5 efif@fdnSagh¥iicsoléiRiceTE dbesPritst roGaR Wit hollow shhft PO TRiker displaces
engagenent pins 4 into l'ocating tube 1 and engages the gear of the sel ected

O P28 o SR ARt et o YR, By B4R nd 5 Rl S lon
actuating tip 5 through a roller hearing 31. Extended screw 25 is

rotated since it ESCEITRREREHC jspleagidafl: it Anached (o hollow shalt, hm@q@y"g%"aﬁg&

this anchoring tube is engaged to a cap 28
bearings 78 which permit relative rotation therebetween, but do not permit relative

axial movement therebetween, Electromagnetic solenoid has an extension 79 which
is connected to an anchoring tube 80. Extension 79 enters and exits anchoring tube
80 during the selection movement of the gear pair and anchoring tube 80 is engaged
in the housing of the transmission box 10, being therefore fixed and with no
movement. A key 81 attaches said anchoring tube 80 to said extension 79 of the
electromagnetic solenoid 71, causing said electromagnetic solenoid 71 not to have
relative rotation with housing 10 and have only relative axial movement with housing
10. Said extension 79 houses also within it cables 82 which will ransmit the electrical
current to impart electric potential difference to the coil 75 of electromagnetic solenoid
71.. Governing unit 19 acts in a relay logic 83 which can energize or de-energize coil
75 of electromagnetic solenoid 71 by receiving energy from an electric voltage source
84. When coil 75 is éncrgized, actuating pin 70 overcomes the force of spring 74 and
of mechanical lock 76 and then disengagement is effected. Without energy, coil 75
"does not act on the actuating pin 70 and therefore the action is of spring 74 for
engagement of engagement pins 4. In order to ensure that locating tube 1 effects
accurately the location movement for speed selection, the mechanism is provided with

a sensor for measuring such position so that governing unit 18 monitors and drives the

-
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12 which in turn is secured to the transm ssion housing 10. An extended nut
24 which is munted within l'ocating tube 1 and axially therew th does not .
rotate with the tube since there is a roller bearing 30 therebetween that
permts that said extended nut 24 is only translated axially with |ocating
tube 1. By rotating independently of locating tube 1, extended nut 24
causes the extended screw 25 noves axially wthin anchoring tube 27 e

t her eby extended screw 25 pulls or pushes agzrating tip 5. Extended nut 24
rotates by being given rotation novenent fr a turning tube 22 through key

23 which attache I d..exte 4 topa turni tube 22. Turning tu

22 has its own ?oi?%?ipgﬁla ervg%gﬁgek%fr?rﬁﬁ ?1'§ ‘%’ﬁg\b’& g’gt RS cﬂ‘%spf‘a %e

axially in relation to the transm ssion housing 10 since it is attached to

this transm ssithgEenentApddisangagamant peints these iy imie 39stema sangerymaasuring the

al ways attached to turning tube 22 through key 23 as the turning nut 24

whi ch i's nount eperfiéct position of tthergngagkd pin ob uresdisetigabéd) pinhsy that gbverhbnigammde tiy

nut 24 enters and exits within turning tube 22 as locating tube 1 is

di spl aced for !eﬁaﬁbﬁrhna'dms%ea&%s*?aaa%%ﬂ eld b H;ehpaﬂdﬂaﬁé%g;ge&%? 1
by roller bearing 30. Turning 22 rotates by neans of  synchroni zin r

t oot hed pull ey 20 which

The present invention also concerns the synchronization system of
the rotary parts through of the continuous or alternating current 16 driven by the
electro-electronic actuation 16a according to figures 1 and 6. Under the aspect of
possibilities of synchronization, the system will depend on how the machine has been
assembled: with a constant rotation motor 101 or a variable rotation motor 121. This
will depend also on the assembly of hollow shaft 2 which contains the gear shift
mechanism of constantly meshed gear pairs and of mutually exclusive actuation, if this
hollow shaft 2 is mounted in the rotation input side or in the output rotation side 105.
If, in such a case, the motor (101) of the machine is of continuous rotation. according
to figure 9, that is, if this motor works with a fixed rotation, supplying this rotation
to the machine through clutch 102 and the by a transmission box 103, we can have
then the following physical and mathematical considerations:

Rotation of the input shaft of the transmission box
at the motor side: Nm
Rotation of the box shaft: Ns
Transmission Ratio of a Generic Pair: Ri
Transmission Ratio of another Generic Pair: Rj
Index related to a Generic Pair: (i)

Index related to a Generic Pair: ()



S engaged in said turnlng tube 22 through key 21 ‘Synchroni zi ng or t oot hed
pul-ley 20 is given novenent through the synchroni zing belt or chain 32
which is given rotati on" nmovenent fromthe direct or alternating current

mot or 19 through said synchronizing or toothed pulley 20. Extended nut 24
rotates and thereby actuated extended screw 25 to be axially displaced
rightwards or |eftwards, dependi ng upon the turning direction inposed by
the direct or alternating current notor gherefore wi th nmovenent of
actuating tip 5 caused by the axi al nnvenent of extended screm125 to which

13 4 ongage and df sengage 1 n oo ArRiBichC eoR B Batitiesy v BV sof g
ut "t he. axi ] ndFEHBIEERIETA BB PLIFRARal Tmoverent of engagerent pins 4
within locating tube 1 and engage gear of the selected gear pair, said
actuating tip 5 is give the Nmi(i}NsxRG@ent from an actuation piston 40
whi ch does not rotate since it forns part of an actuation cylinder 41.
Bet ween actuation For the other generic gear pair (j) we have:
Nm(j)=Ns(j)xR(j)
Since the motor in this case has a set constant rotation, then it is
clear that: Nm(j)=Nm(i)=Nm |
Therefore, for passing from the gear pair (i) to the meshed gear pair
(), said output rotations are related by the following expression:
Ns(i)xR(i)=Ns()xR(j)
Then, the end output rotation will be:
Ns(j)=Ns()xR({i)YR(j)
Ns(j) differs from Ns(i) by the proportion of the transmission rate
R(@) and R(j). Therefore, synchronization motor 16 from the moment wherein the
clutch is released and from the moment where the gear pair (i) is disengaged for speed
shift, the syncht'onization motor 16 will have to cause the rotation of output shaft,
Ns(j), is equal to that which was prevailing prior to releasing of clutch, Ns(i),
multiplied by ratio R(i)/R(j), in predetermined time fraction. Therefore, the rotating
masses are accelerated as a function of ratio R(i)/R(j). At the moment that rotation
R() has .been auained, the event of speed shift takes place, that is, there is an
extéztgcmem of the gear pair 3. For a perfect accuracy of the phenomenon, the input

and output rotations are constantly monitored by rotation sensors, by output sensor 94

and by the input sensor 93. Independent from where hollow shaft 2 is mounted or in



pi ston 40 and actuation cylinder- 41, the only exists relatively the axial
nmovement and so that one does not rotate in relation to the other, these
two are attached through key 42. Since the actuating tip 5 is attached to
engagenent pins 4 and this assenbly always rotates with hollow shaft 2, in
order that 'non-rotating actuation piston 40 can push and pull actuating tip
5, said actuation piston 40 is attached to said actuating tip 5 through
roll er bearing 43 which permts transnissionlgf t he axi al novenment fromthe
actuation piston 40 to said actuating tip 5. 7Actuation piston 40 noves

axially within a L@ﬁ? ' r r auld pne tic action, an
the actuation rm\%rren 1&3? &égillS{Ez;cltoé;(%%S@gﬁﬁ%?g&]%g%ﬁgp“&&aMFa
pins 4 can engage teeth 4a in interpal teeth 4c of the gear fromthe

sel ected pair, aHoUERURRFIPEARPD sids 1Y, ginee its 9p this sidg thattherquingsmasses have tan
actuation chanber 44 of said actuation cylinder 41 through actuation
orifice 45 in thbe azéclerated aridacai¢raredpi st on 40, a deactuation chanber 46

bei ng connected in a free of pressure fashion to a tank or outlet 56. So
that engagenent pins 4 are pyfiegid [ t i IR h
4c of the gear fromthe previ ousl§/ %e%?%%éggﬁerﬁgthgo?%g'éirc%nﬁg%e{(’@vya&ﬁgk
shifted, hydraulic £l ui compressed ajor wll be . sent to deactuation
chanber 46 throuWﬂ%ﬁh%ﬁ% SHPPIDE Ahis ratatpg 10, the maghine. o yahicle fioms elyieh

40, actuation chanber being connected in a free of
122 and then to the wansmission box 123, then we have the following equations with

the variables already known for a determined generic pair (i):

Nm(i)=Ns(i)xR(i)

For the other generic pair (j), we have:

Nm(j)=Ns({xR(j)

Since the motor is of variable rotation, and considering that in the
period of time of speed shift, the rotation remains unchanged in this period of time,
then:

Ns(i)=Ns(j)=Ns

Therefore, for passing from the meshed pair (i) to meshed pair (j)
of gears, said input rotations are related through the following expression:

Nm(@i)/R(D=Nm{y/R()

Then, the end input rotation should be:

Nm(j)=Nm(i)x(R()/R(i))

Nm(j) differs from Nm(i) by the inverse pmporddn of the
 tsansmission ratios R(i) and R(j). Therefore, the synchronism motor 16, starting from
the rﬁomcm in which clutch is released and from the moment in which the gear pair

() is disengaged for speed shift, will have to cause rotation of the input shaft, Nm(j),



14- pressure fashion to tank or outlet 56. .Engagenent- pins 4 are pulled
inwardl’y locating tube 1 permitting that it is displaced for selection.
Actuation cylinder .41 does not rotate with holtow shaft 2 but rather it is
di spl aced axially therewith during novenent of selection of the gear pair
for operation. Actuation cylinder 41 is attached to hollow shaft- 2 t hrough
roll er bearings 48 which allow for relative rotation therebetween and do
not allow for axial novenent therebetween. Actuation cylinder 41 possess an
extension 49 which is connected to an anchor_ZQIg tube 50. Extension 49
enters and exists anchoring tube 50 during selection novenent of the gear
pair and anchori®¢P% E%‘@léﬁquu%é%é'@si Prevaidng Qmier ig relcasing of ithe, slyrchs iNm(i),

box 10 and therefore is secured wi thout nmoving. A key 51 attaches said

anchoring tube Sfuliplied dyt tha divensesgropérinnt RE)/RE), my4 predeterdiinedtfracsion af simeg
said actuation cylinder 41 not to have relative rotation wi th housing 10

and have only refgireby tedordtinFRN AR e Yhdelbrited ot %z&&m@ﬁ Qﬁxﬁéﬁé@d@&]ﬁé irft3rse

al so houses within it, actuation and deactuation ducts 52 and I ch
carry Al & LR S OARE B bafl alb AR S B RE8 St e oot i
actuation pist One\i(x)u Etiar;g:s %(l)arég,e t%l;te EE lth% gtegr pair (j) is engaged. For a perfect accuracy of the
phenomenon, the input and output rotations are being constantly monitored by the
rotation sensors, by Fhe output sensor 94 and by the input sensor 93. Independently
from where hollow shaft 2 is mounted, or from the rotation output side 125, as in
figure 10B, or from the rotation input side, as in figure 10A, the synchronization
system must be mounted at the input side, since it is in this side that they have to be
accelerated or decelerated. The synchronization mechanism applied to the four
alternatives disclosed and cited is composed of a direct or altemating current motor
16, driven by an electro-electronic servo-actuator 16A which, in turn, is governed from
a governing unit 18 for operation thereof. The direct or alternating current motor 16
has at one shaft thereof, a toothed or synchronizing pulley 91 which, in trn, is
connected o transmit rotation to the toothed or synchronizing pulley 90 which is
engaged in the shaft to which acceleration or deceleration will be imparted so that
synchronism of rotations is achieved. It is only during such synchronization event that
the direct or alternating current motor 16 will be energized and in the other events it

will be always off and idle.

| Although the present invention has been described at some extent of
' detai}s. it is understood that within the spirit and scope of the present invention, it is

possible that parts are rearranged and modified.



ef fect engagenent. -and di'sengagenent of the sel ected gear pair through :
engagenent ptns 4 is nade by .actuation and deactuation 52 and 53. Governing
unit 18 acts in a relay and coil logic 54 which direct hydraulic fluid or
conpressed air froma source 55 of hydraulic fluid or conpressed air for

the actuation and deactuation 52 and 53 with return to zero pressure, and
tank 56 or outlet on the opposite side to the actuation effect. As a third

alternative,
ef fect axi al

according to figure 3, in order iﬂk;at actuating tip 5 can
novenent and pronote radial rmv%

nt of engagenent pins 4

15 within locating tube 1 and engage gearM&csel ected gear pair, said

actuating up 5 is given axial novenent fr

tuation pin 70 which does

not-rotate since it forms part of an actuating el ectromagnetic solenoid 71.
Between actuation pin 70 and lelQsaf-hiffingraeshanisey eqnsrodied andidrives ysa goverming
relatively the axial novenent and so that one does not rotate relative to

the other, these uaitdn anrawmaicland aohtmjled vay 3nd cehictc tamnbé algo driverbby an operator,
attached to engagenent pins 4 and this assenbly always rotates with

forming a speed or gear-shifting mechanism of a ransmission box of automobiles or
machines, characterized by comprising a set of servo-motors (15, 16, 19) of direct or
alternating cumrent each performing a specific function of engagement or
disengagement of the speeds by motor (19), of speed selection by motor (15), and of
speed synchronization by motor (16), wherein each of said three servo-motors is
controlled by an electro-electronic servo-actuator respectively (15a, 16a, 192) of a set
(17) of servo-actuators.

2. A mechanism in accordance with claim 1, characterized in that the

set (17) of elecwro-electronic servo-actuators for acting in the servo-motors (15, 16, 19)

~ of direct or alternating current is governed by a governing unit (18) which, in a logical

and sequential way, sends signals to the set (17) of electro-electronic actuators based
on a programmed logic recorded in the electronic memory of said governing unit ( 18)
which can have as driving pulses of such signals, the acton of an operator or driver
which will act on levers (120) or another actuation means which forces the speed shift
or shift of the gear pair and in that the pulses for the speed shift can be emanated
from the set of sensors (37) and thereby it is said that the operations is effected
automatically.

3. A mechanism in accordance with claim 1, characterized in that,
so that there is a gear shifting, there is the actuation sequence driven by the governing

unit (18), starting from the release of the clutch through the mechanism actuated by

(T
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hol | ow shaft 2, in order that actuating pin 70 which does not rotate can
push or pull actuating tip 5; said actuating pin 70 is- attached to said . .
actuating tip 5 through a roller bearing 73 which permts transmssion of
axi al” novenent fromactuating pin 70 to actuating tip 5. Actuating pin 70
noves axially within el ectromagnetic solenoid 71 by mechani cal or magnetic
action through the effect of a spring 74, and the actuation novenent of
actuating pin 70 pushes engagenent pins 4 tqQ_engage teeth 4a into the
internal teeth 4c of the gear of the select éd pair, and the electrical
potential diffegrenge apEI Led t.o the coil 75 of ée%r%trrggnetic solenoid 74
i s removed caustf F OR JPMARRE SYERNG STVRMOION (g hWhish; wicouples the seachineon
novenent of actuating tip 5. In the nmeshed gear position, with all
engagenent pi nsvehicle mutenfrom thewansmissiomapenatg thy ppwer Edhsimissiat laop €olldwed! bye
action of spring 74 and by a nechanical |ock 76. So that engagenment pins 4

are pulled to dihgeier@t sﬁ&ﬁtdi'seﬁ%aéehﬁm mg'hrthé*éﬂg%he&x@&talﬁdﬂfsgﬁ&a*ﬁﬁnﬂ&?ﬁat&f&

the previously selected pair and that will be now shifted, electric

Cal difi . : : I . -
20 To. pert or m oPSOHE SheCRPAREEB oERE Bolor (F91oRoRE o8 B TR G SBicEg) o
actuating pin 70 is nad By tge el ectromagnetj c force induced by the coil

75 of el ect r ona@ye™ §P°§§I g8 the logation raschapismeactuated by, e direct pr jaligmating

and the force of the mechanical |ock 76
current motor (15) concurrently with the occurrence of the selection of the speed

chosen by the system, the synchronization mechanism acting now so as to equalize the
rotations of the parts involved in engagement which are synchronized by the
synchronization mechanism which is actuated by the direct or alternating current
servomotor (16) and thereafter, at the moment at which synchronization has been
attained and selection has been completed, said engagement and disengagement acts
to engage the speed and immediately after engagement, the clutch is clutched the
power transmission loop being regained by the machine or vehicle.

4. A mechanism in accordance with claim 3, characterized in that the
speed selection mechanism is mounted internally of one of the transmission shafts
which can by one of torque and rotation input or it can be mounted internally of an
output shaft, said hollow shaft (2) and all the gears forming part of the constantly
meshed pairs are mounted in an idler fashion, that is, so that they can rotate on the
hollow shaft (2) -with different rotations of said hollow shaft (2) on bearings (152)
disposed in the bore of the gears, and only one gear pair is selected and pre-disposed
-t§ -be engaged to the hollow shaft (2) by the engagement and disengagement
.;m.zcl;lanism and that the selection mechanism is composed by a locating tube (1)

having a set'of-radial holes equally distributed over the diameter of locating tube (1)

* < L M H *




r

16 ‘and rel eases totally engagenent- pins 4 into |ocating tube 1, permtting =
that this will be displaced to effect the selection novenent -of the new '
gear pair for operation. Electromagnetic solenoid 71 does not rotate with

hol | ow shaft 2 but rather displaces axially therewith during the selection
novenent of the gear pair for operation. Electromagnetic solenoid 71 is
attached to hollow shaft 2 through of two roller bearings 78 which permt
relative rotation therebetween, but do not rmt relative axial novenent

t her ebet ween, El ectronmagneti c sol enoi d has extension 79 which is

connected to an_gnchorj t ube 80. tension 79 enters and exits anchoring
tube 80 during @ﬁ@é&ﬁ‘t@%%"%@éﬂéﬁfe k’ﬂ]g Rousing,an engagement pan i(A) se by
80 is engaged in the housing of the transmi ssion box 10, being therefore
fixed and wi t h lpeptingvrabreGl) rotates alongwith shafh@3 and slidesrwititini the) samd seabching for
said extension 79 of the el ectromagnetic solenoid 71, causing said

el ect romagnet i ahs tdcation df @ temerling ¢131)of thiecgeat bf &erdbhﬁbhﬂéilm@sﬁéﬁ puat'shdien &
and have only relative axial novenment with housing 10. Said extension 79

1ouees 2150, v i et s R BMEINNALL 00 bl SBHaE D
sol enoi d bearing (8) does not rotate in relation to housing (10) but it is actuated by a spindle
(9) to impart to locating tube (1), an axial movement relative to hollow shaft (2) and
spindle (9) is actuated by toothed or synchronizing pulleys (13, 13a) and by
synchronizing belts or chains (14) which are given movement from the direct or
alternating current servomotor (15) and of which the exact accurazy of the centerline
of the locating pins (4) with the centerline (151) of the gear of the pair to be selected
is assured by a positioning sensor (37b) which can be linear or rotary and which
measures the position of locating tube (1) and informs governing unit (18).
5. A mechanism in accordance with claim 3, characterized in that the
engagement and disengagement mechanism of is mounted intemally of locating tube
(1) which in turn is mounted internally of hollow shaft (2), wherein the engagement
and disengagement grounds are based on a set of engagement pins (4) having radial
movement enabling that notches (4a) at the tip of engagement pins (4) are engaged
in female notches (4c) of the bore of the gear of the constantly meshed pair selected
at the moment of engagement to transmit torque and rotation and enabling, when
requested, disengagement and wherein said engagement pins (4) are pushed or pulled
,to.efi_'ect the engagement and disengagement movement. pushed or pulled by an
a.cn:ét-ipg tip (5) which, through an inclined plane (4b) urges engagement pins (4),

radially of engagement, through axial movement of actuating tip (5) or pulls said
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71. Governing unit 19 acts in a relay |ogic 83 which can energize or Lk
de-energi ze coil 75 of electronmagnetic sol enoid 71 by receiving energy from
an electric voltage source 84. \Wen coil 75 is energized, actuating pin 70
overconmes the force of spring 74 and of nmechanical |ock 76 and then

di sengagenent is effected. Wthout energy, coil 75 does not act on the
actuating pin 70 and therefore the action is of spring 74 for engagenent of
engagenent pins 4. In order to ensure that gcating tube 1 effects
accurately the | ocation novenent for speed | ection, the nechanismis

provided with a_s f ' C Ll Bg vern] I L
s on tor's andetibupeny s (5 YhpE Ruliied sBA7 ot hidsf Ol BRHEMY Aoty b
ensure that engagenent_ pins 4 attain the engagenent and disengagenpnt
poi nts, there i thejgsarsfer disengagementand Surther he reterg of sagagemeat ping 44) isimaadedry
t he engaged pin of the disengaged pin so that governing unit 18 nonitors
and drives the springsct position for speed engagenent and di sengagenent. The
present invention also concerns the synchronizati on systemof the rotary
parts through of the conti ngoNSnddharikrhth Bcordihcs With@MHim!S) ciraMERzddinthA the
engagement and disengagement mechanism is actuated by a direct or alternating
current servomotor (19) being servo-driven by an electro-electronic servoactuator (19a)
which in tum is driven by governing unit (18) and in that said servomotor has dual
rotation direction, one for the engagement movement and the other rotation direction
is for the disengagement movement, and the direct or alternating current servomotor
(19) actuates synchronizing pulley or toothed pulley (20a) which, by the toothed belt
or chain (32), moves synchronizing pulley or toothied pulley (20) which is attached by
a key (21) or any other type of notch to a turning tube (22) ransmitting movement
to a turning nut (24) through key (23) or any other type of notch, and that upon
rotating said turning nut (24), this imparts to actuating tip (5), the axial movement
towards engagement or disengagement by an extended screw (25) which is attached
to housing. (10) through an anchoring tube (27) engaged therein and that axial
movement of actuating tip (5) is independent from rotation of locating tube (1) and
hollow shaft (2) due to roller bearings (30) and (31) which attache said actuating tip
(5) and said extended screw (25) and in that the end of the movement of the
engagement and disengagement stroke is sensed by a displacement sensor (37a) which
can be a rotary or linear sensor sending information to governing unit (18) in a very

short time so that governing unit (18) drives and govemns the system.

7. A mechanism in accordance with claim 3, characterized in that the
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el-ectro-el ectronic actuation 16a according to:figures 1 and 6. Under the
aspect of possibilities of synchronization, the systemw || depend on how

t he machi ne has been assenbled: with a constant rotation notor 101 or a
variable rotation nmotor 121. This will depend al so on the assenbly of

hol | ow shaft 2 which contains the gear shift nmechani sm of constantly neshed
gear pairs and of nutually exclusive actuation, if this hollow shaft 2 is e
mounted in the rotation input side or in thes@utput rotation side 105. If,
in such a case, the notor (101) of the machifie is of continuous rotation.

according to fig \ Sary o b SheldR A fixed rotati
supplying this r%{ég?%ﬁﬁ{%{dt%%nﬁ%% | ntka 1 1'%%@?@%%?%?%@%“0@3@&%
transm ssi on box 103, we can, have then the follow ng physical and_

mat hemat i cal con&yYsiaR ek, . drysn and govemed by §qysming pait { 1$ractypsing in a set of 2
transm ssion box at the notor side: Nm Rotation of the box shaft: Ns
Transmi ssi on Rat logiof(54) Gérrelays aRdi coilsRirifingnepeniryy dor Ratry cofohydragliddfluid or
Generic Pair: R Index related to a Generic Pair: (i) I'ndex related to

a CGeneric Pair: compoessed air from a source (55) of hydraulic fluid or compressed air, this hydraulic

fluid or compressed air goes to an actuation piston (40) through an actuation duct (52)
so as to urge the actuation piston to engagement movement, since the hydraulic fluid
or compressed air go to an actuation chamber (44) of an actuation cylinder (41), thus
imparting to actuating tip (5) the engagement movement, said actuation cylinder (41)
does not rotate together with hollow shaft (2) since there are roller bearings (48)
therebetween and further actuation cylinder (41) is attached to housing (10) through
an anchoring tube (50) through key (51) and bétween anchoring n'xbe (50) and
~actuation cylinder (51), there is only relative axial movement and actuation piston (40)
also does not rotate together with actuating tip (5), with hollow shaft (2) and with
locating tube (1) since it is mounted in roller bearing (43) and is integral to actuation
cylinder (41) by key (42) and, for movement of the acwation piston (40) for
disengagement, the hydraulic fluid or compressed air is sent to a deactuation chamber
(46), driven by governing unit (18) which acts on the relay logic (54) and which
drives opening of a deactaton duct (53) so that disengagement movement of the
mechanism is effected.
* 8. A mechanism in accordance with claim 3, characterized in that the
er‘téagement and disengagement mechanism is actuated by an actuation system through
an act-x.xating. ?lectromagnctic solenoid which is driven and governed by governing unit

(18) acting in a set of relay logic (83) and driving energization or not of a coil (75)
.
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By the transm ssi on equation of nechanics, we have, for a deternined o
generic pair of gears (i): Nn(i) NS(i)XR(I) For the other generic gear pair
(i) we have: [err] Since the notor in this case has a set constant
rotation, then it is clear that: [err] Therefore, for passing fromthe gear
pair (i) to the neshed gear pair (j), said output rotations are related by
the followi ng expression: [err] Then, the end output rotation wll be:
[err] [err] differs fromNs(i) by the propokgion of the transnission rate
R(i) and R(j). Therefore, synchroni zation notor 16 fromthe nonent wherein
the clutch is r S :

di sengaged for Q%Q\Z%Fﬂ%ﬁr%é gﬂe syﬁ“ﬁ g@j Eﬁggﬁ%? gtrlﬂeagfuaﬁﬁk E%lgé/%‘dt(zl [éllljsse
the rotation of x(l)eli't u&ons ha‘}x ve’ being through cables (82), and so that there is engagement

movement of an actuation pin (70) it is necessary that the coil is under no voitage,
thus de-energized, and thereby bias of spring (74) pushes actuation pin (70) towards
engagement movement, this engagement movement being limited by the end of the
mechanical stroke and by the action of a mechanical lock (76), and so that there is the
opposite disengagement movemenf, governing unit (18) drives relay logic (83) to
energize coil (75) fed by the electric voltage source (84) once energized coil (75) of
electromagnetic solenoid (71) causing actuation pin (70) to overcome: the force of
spring (74) and of the mechanical lock (76) and to effect disengagement movement,
and further electromagnetic solenoid (71) is integral to actuation pin (70) which does
not rotate together with actuating tip (5) and with hollow shaft (2) and locating tube
(1) since they are attached thereto by roller bearings (73, 78) and electromagnetic
solenoid (71) is attached to housing (10) through an anchoring tube (80) by a key (81)
and only has therewith a relative axial movement.

9. A mechanism in accordance with claim 3, characterized in that the
engagement mechanism has an actuating tip (5) which, upon effecting engagement
movement, urges engagement pins (4) radially .so that notches (4a) of the pin tip
engage into notches (4c) of the internal bore of the gear of the selected constantly
meshed pair and that rotates on hollow shaft (2), and when actuating pin (5) effects

T ﬁﬁchgagement movement, said actuat'i.ng pin (5) pulls engagement pins (4) radially
| causin; the notches (4a) of the tips of engagement pins (4) go out from notches (4c)

of the gear bore where it was engaged and said engagement pins (4) which are housed
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[err], is equal

to that whlch was prevalllng prlor to rel easmg of cl utch

Ns(i), multiplied by .ratio [err], in predetermned tine fraction.

Therefore, the rotating nasses are accelerated as a function of ratio.
[err]. At the noment that rotation R(j) has been attained, the event of
speed shift ‘takes place, that is, there is an engagenent of the gear pair
3. For a perfect accuracy of the phenonenon, the input and output rotations
are constantly nonitored by rotation sensors,_by output sensor 94 and by
the input sensor 93. I|Independent from where R‘6| | ow shaft 2 is nounted or in
19 the output rofa |on [ f.igure 9B), the s nchronlsms stem shoul d
be nounted in th& %l}ogqsa&?g% 1(85‘“‘5?9'%‘3"- enurelygnto syidslogating whe(l)
the rotating nasses have to be accel erat ed or decelerated. If in this case,
t he machi ne not oallawingche samecnghenable ofofliding axially widiiathoblowl sHaft {2)gin & fie,
supplying this rotation to the machine or vehicle fromclutch 122 and then

to the transm sSifafindtadIwith nbligBri¥endeave the fol | ow ng equations with the
vari abl es al ready known for a determ ned generic pair (i):

10. A mechanism in accordance with claim 1, characterized in that

 a parallel shaft (34) on which gears (211, 212, 213, 214, 215 and 216) are constantdy

meshed and making pair with constantly meshed gears (201, 20z, 203, 204, 205 and
206) mounted idler on hollow shaft (2), has a polygonal shape with rounded comers
(164) and wherein the gears that are mounted on this shaft are attached by the central
hole which has the same polygonal shape with rounded comers /160).

11. A mechanism in accordance with claim 1, characterized in that
the mechanism for the synchronization of rotating parts at the moment of the speed
shift has, as an element supplying energy for acceleration or deceleration, the direct
or altermating current .servomotor (16) which is driven b_y the electro-electronic
servoactuator (16a) which is in turn governed and controlled by governing unit (18).

12. A mechanism in accordance with claim 11, characterized in that
the synchronization mechanism (11), when the machine is provided with a supply
energy motor (.101) of constant rotation, actuates the shaft on the output side of the
machine, accelerating and decelerating, and the movement which comes from the
direct or alternating current motor (16) through the toothed or synchronizing pulley
(92) attgched to this motor transmitting, through a synchronizing belt or chain (91),
rotaﬁon' to the synchronizing or toothed pulley (90) attached to the output shaft
through a key or any other type of notch and which, depending on the type of

application of said output shaft, can be hollow shaft (2) or parallel shaft (34).
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[err] For the other generic pair (j), we have: [err] Since the motor is of
vari abl e rotation, and considering that in-the period of tinme of speed
shift, the rotation remdins unchanged in this period of tine, then: [err]
Therefore, for passing fromthe nmeshed pair (i) to nmeshed pair (j) of
gears, said input rotations are related through the follow ng expression:
[err] Then, the end input rotation should be: [err] [err] differs from
Nm(i) by the inverse proportion of the transyg ssion ratios R(i) and R(j).
Therefore, the synchroni sm notor starti fromthe nmonment in which
clutch is rel eased and from h 11 | i

di sengaged for speed shift, ﬁrﬂg 2 taﬂca%‘ssrgg}%{\stﬁgﬁ'{%% %@&Qnt%ﬂé&%ﬂm

[err],

the synchronization mechanism (11), when the machine is provided with a supply
energy motor (101) of variable rotation, actuates the shaft on the input side of the
machine or vehicle, accelerating and decelerating, and the movement which comes
from the direct or alternating current motor (16) through the toothed or synchronizing
pulley (92) attached to this motor transmitting, through a synchronizing belt or chain
(91), rotation to the synchronizing or.toothed pulley (90) attached to the input shaft
through a key or any other type of notch and which, depending on the type of
application of said output shaft, can be hollow shaft (2) or parailel shaft (34).

14. A mechanism in accordance with claim 11, characterized in that,
in the synchronization mechanism when the machine is provided with a supply energy
motor (101) of continuous rotation, so that speed shift is effected or to exchange a
generic constantly meshed gear pgir (i) to a gear pair (j), the direct or alternating
current synchronization motor (16) should cause the rotation of output shaft Ns(j) is
equal to that rotation at which it was rotating before releasing of the clutch and the
consequent disengagement, which was Ns(i) muitiplied by the proportion of the
transmission ratios of the constantly meshed gear pair which is being out, R(i), divided
by the transmission ratio of the constantly meshed gear pair which is being in, that is,
is being selected for work, R(j), and that monitoring of said rotations is made by a
rotation sensor (94) which, at extremely short intervals of time, sends the actual

" rotation data to governing unit (18) so that this latter drives and governs the direct or
alternating current servomotor (16) through the electro-electronic servoactuator (16a)

accelerating or decelerating the rotating parts in order to achieve synchronization.
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20 to be equal to rotation that was prevailing prlor to reIea5|ng of the
ckutch, Nn(i), multiplied by the inverse proportion [err], in'a
predeterm ned fraction of tine. Thereby, the rotating nasses ‘are . 5
decel erated or accelerated as a function of the inverse ratio R(i)/R(j). At
the nonent in that rotation Nm(j) has been attained, the speed shift event
takes place, that is, the gear pair (j) is engaged. For a perfect accuracy
of the phenonenon, the input and output rotajdons are being constantly
nonitored by the rotation sensors, by t he oulput sensor 94 and by the input

sensor 93. Independently fro A=Wy 4 J Lhe
rotation output side 125, asrl’r?'\r,t)(l gure 18‘\&‘: %cféwn% %l%ﬂﬁ' {thE&)EH &lgt’
side, as in fi gure 10A, 'the synchroni zation system nus nounted at the

i nput si de, si nct the synchrop ﬁﬁ% ™R Aher theymachine m@‘iécméﬁ'éﬂ Ry ceargy

decel erated. The synchroni zation rrechani sm appl I ed to the four alternatives

di scl osed and ci tootori €104 pop omeable fromtioa,r soc thao speekdt shiftds i effgcredrorewt exvhange a
16, driven by an electro-electronic servo-actuator 16A vvhich in turn, Is

P, 14T PRl 91 Q. B4 i

alternating curr&nt notor 16 has at ~on
synchroni zi ng pul | I n_tur nnect d Q _t.ran l o fo
the toothed or sﬂ’m\{ﬂ ‘%}Hmnl ‘89“’581%?8‘?#8. cguse e rtation 0 mput sgat"tiermé 15

equal to that rotation at which it was rotating before releasing of the clutch and the

consequent disengagement, which was Nm(i) mtxltiplicd by the inverse proportion of
the transmission ratios of the constantly meshed gear pair which is being out, R(i),
divided by the wansmission rato of the constantly meshed gear pair which is being
in, that is, is being selected for work, R(j), and that monitoring of said rotations is
made by a rotation sensor (94) which, at extremely short intervals of time, sends the
actual rotation data to governing unit (18) so that this latter drives and govems the
direct or .alternating current servomotor (16) through the -electro-elecrronic

servoactuator (16a) accelerating or decelerating the rotating parts in order to achieve

synchronization.
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engaged in the shaft to which accel eration or deceleration will be inparted
so that synchroni smof rotations i.s achieved.. It is only during such
synchroni zati on event that the direct or alternating current notor 16 wll
be energized.and in the other events it will be always off and idle.

Al t hough the present invention has been described at sone extent of

details, it is understood that within the spirit and scope of the present
invention, it is possible that parts are rearranged and nodifi ed. 21
CLAIM5S 1. Gear-shifting mechanismcontrolled and driven by a governing unit
in an automatic and controlled way and which can be also driven by an
operator, forming a speed or gear-shifting fechani smof a transmi ssion box

of autonobiles or _qachines, characterized by conprising a set of
servo-nmotors (15,146, 149F

of direct or alternnatirg jcurrent each perform ng
a specific fun grjgagenent or d;sgngjgenen of the speeds by notor

(19), of speed| se ectid by mptor (15)% &nd jof -
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speed synchroni zation by notor (16), wherein each of said three
servo-notors is controlled by an el ectro-el ectroni c servo-act uator.
respectively (15a, 16a, 19a) of a set (17) of servo-actuators. 2. A’
mechani smin accordance with claim1l, characterized in that the set (17) of-
el ectro-el ectronic servo-actuators for acting in the servo-notors (15, 16,
19) of direct or alternating current is governed by a governing unit (18)
which, in a |logical and sequential way, sends signals to the set (17) of

el ectro-el ectronic actuators based on a programmed | ogic recorded in the

el ectronic nenory of said governing unit (18) which can have as driving

pul ses of such signals, the action of an operator or driver which wll act
on levers (120) or another actuation neans Which forces the speed shift or
shift of the gear pair and in that the pul ses for the speed shift can be
emanated fromthe set of sensors (37) and thereby it is said that the
operations is effected automatically. 3. A mechanismin accordance with
claim1l1, characterized in that, so that there is a gear shifting, there is
t he actuati on sequence driven by the governing unit (18), starting fromthe
rel ease of the clutch through the nechani sm actuated by

FIG.1(A)



22 the direct or alternating current servonotor (19). mhlch uncouples the
machi'ne or vehicle notor fromthe transnission opening the power

transm ssion | oop followed by the event of speed di sengagenent through t he _
engagenent and di sengagenent actuated but the direct or alternating current
notor .(19) followed by the event of selection of a new speed through the

| ocati on mechani smactuated by the direct. gr_al ternating current notor (15)
concurrently with the occurrence of the selection of the speed chosen by
the system tQRe gynchronization nechanismacting now so as to equalize the
rotations of tNe parts-TTvolyed i n engagenent which are synchroni zed by the
synchroni zat i o\ megfiani sm whi is actuated by the direct or alternating
current servonotQE_ (16) and theneafter, at the nonent at which
synchroni zati on M N and sel ection has been conpl eted, said
engagenent and di-sengegeh eet= t 0o_engage the speed and i medi ately after
engagenent, the \& ; d the power transm ssion | oop being

regai ned by the . e. 4. A nechanismin accordance with claim
3, characterized \'h that the spegd sel ection mechani smis nount ed
internally of one \gf the'trans ssion shafts which can by one of torque and
rotation input or it nted internally of an

48
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out put shaft, said hollow shaft (2) and all the gears forning part of the
constantly meshed pairs are nounted in an idler fashion, that is, so that
they can rotate on the hollow shaft (2) with different rotations of said
hol  ow shaft (2) on bearings (152) disposed in the bore of the gears, and
only one gear pair is selected and pre-di sposed to be engaged to the holl ow
shaft (2) by the engagenent and di sengagenent nechani sm and that the

sel ection nechanismis conposed by a |locating tube (1) having a set of

radi cal holes equally distributed over the dianeter of |ocating tube (1)

23 and spaced by an equal angle, each hol-e4housi ng an engagenent pin (4) so
that |ocating tube (1) rotates along wth shaft (2) and slides within the
sanme searching for the location of a centerline (151) of the gear of the
constantly meshed pair chosen for selection and in that a lug nut which is
engaged in locating tube (1) through a roller bearing (8) does not rotate
inrelation to housing (10) but it is actuated by a spindle (9) to inpart
to locating tube (1), an axial novenent relative to hollow shaft (2) and
spindle (9) is actuated by toothed or synchronizing pulleys (13, 13a) and
by S

Fi1G.1(C)



synchroni zing belts or-chains (14) which are given novenent fromthe direct
or alternating current servonotor (15) and of which the exact -accuracy..of
the centerline of the locating pins (4) with the centerline (151) of the
gear of the pair to be selected is assured by a positioning sensor (37b)
whi ch can be linear or rotary and which neasures the position of |ocating
tube (1) and infornms governing unit (18). 5. A nechanismin accordance with
claim 3, characterized in that the engageant and di sengagenent nmechani sm
of is mounted internally of locating tubg(I) which in turn is nmounted
internally of hollow shaft (2), wherein the engagenent and di sengagenent
grounds are based on a set of engagenent pins (4) having radial novenent
enabling that notches (4a) at the tip of engagenent pins (4) are engaged in
femal e notches (4c) of the bore of the gear of the constantly neshed pair
sel ected at the nonent of engagenent to transmt torque and rotation and
enabl i ng, when requested, disengagenent and wherein said engagenent pins
(4) are pushed or pulled to effect the engagenent and di sengagenent
novenent, pushed or puld ed by an actuating tip (5 wmch, through an

inclined plane (4b) urges engagenent: pins (4), railghly of engagenent,
t hrough axi al novenent o ctuati i

- pl(5) or pulll 8 spid
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24 engagenent pins (4) through |inkages such as guides (6) fromwthin the
notches or the gears for ‘di sengagenent and further the return of engagenent
pins (4) is made by springs. 6. A nechanismin accordance with claimb5,
characterized in that the engagenent and di sengagenent nechanismis
actuated by a direct or alternating current servonotor (19) being
servo-driven by an electro-electronic servoactuator (19a) which in turn is
driven by governing unit (18) and in that sgsd servonotor has dual rotation
direction, one for the engagenent novenent and the other rotation direction
is for the di sengagenent novenent, and the direct or alternating current
servonotor (19) actuates synchronizing pulley or toothed pulley (20a)

whi ch, by the toothed belt or chain (32), noves synchroni zing pulley or
toothed pulley (20) which is attached by a key (21) or any other type of
notch to a turning tube (22) transmtting novenent to a turning nut (24)

t hrough key (23) or any other type of notch, and that upon rotating said
turning nut (24), this inparts to actuating tip (5), the axial nobvenent

t owar ds engagenent or di sengagenent by an extended screw (25) which is

attached to housing (10) through an anchoring tube (27) engaged therein and
t hat axi al 2
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novenent of actuatlng tip (5) is |ndependent fromrotation of |ocating tube
(1) and hol | ow shaft (2) due to roller bearings (30) and (31) which attache .
said actuating tip (5) and said extended screw (25) and in that the end of -
t he noverment of the engagement and di sengagement stroke is sensed by a

di spl acenent sensor (37a) which can be a rotary or |inear sensor sending
information to governing unit (18) in a ver¥ short tine so that governing
unit (18) drives and governs the system 7. A mechanismin accordance with
claimb5, characterized in that the 25 engagenent and di sengagenent
mechani smis actuated by a hydraulic or pneumatic systemwhich is driven
and governed by governing unit (18) actuating in a set of a logic (54) of
relays and coils driving opening for entry of hydraulic fluid or conpressed
air froma source (55) of hydraulic fluid or conpressed air, this hydraulic
fluid or conpressed air goes to anxaBLuaLﬁgﬂhpﬁaN&wsacﬁ) t Hk buruT
actuation duct (52) so as to urge the act #PXy st on to éngagenent
novenent, since the hydraulic fluid or coinEﬁse air go tcram actuation

chanber (44) of an actuation cylinder (41 t hus | T —f-
mr——”l’ i SHIFT | ‘
161 ! uscwnsm
102 \-nns
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i'nparting to actuating tip (5) the engagenment novenent, said-ac;ggtioh
cylinder (41) does not rotate together with holl AN her e
are roller bearings ‘(48) therebetween and furthe 'ﬁﬁS@&EﬁéﬁQﬁ?¢gﬁ§%i (41)
is attached to housing (10) through an anchori ngjlt ube QERBAQ ough lkey (51)
and between anchoring tube (50) and actuation cyHmder (51), there is only
rel ati ve axial novenent and actuation piston (40) al so does not rotate
together with actuating tip (5), with hol Loy shaft (2) and with | ocating
tube (1) since it is nmounted in roller bearing (43) and is integral to
actuation cylinder (41) by key (42) and, for novenent of the actuation

pi ston (40) for disengagenent, the hydraulic fluid or conpressed air is
sent to a deactuation chanber (46), driven by governing unit (18) which
acts on the relay logic (54) and which drives opening of a deactuation duct
(53) so that di sengagenent novenent of the nechanismis effected. 8. A
mechani smin accordance wth clfEams—ctaractertz I n that the engagenent
and di sengagenent nechani smis |actuate an actuption systemthrough an
actuating el ectromagnetic sol enoi d whi gRgrs driventand governed by
governing unit (18) acting in set of relay logic|(83) and driving

energi zation or not of a coil (75 , '
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26-through an electric voltage source (84) formng part of the actuation
solenoid (7°i), this energization drive being through cables (82), and so.
that there is engagement novenent of an actuation pin (70) it.is necessary
that the cojl is under no voltage, thus de-energized, and thereby bias of
spring (74) pushes actuation pin (70) towards engagenent novenent, this
engagenent novenent being limted by the end of the mechanical stroke and
by the action of a nmechanical |ock (76),-&nd so that there is the opposite
di sengagenment novenent, governing unit (18) drives relay logic (83) to
energi ze coil (75) fed by the electric voltage source (84) once energized
coil (75) of electromagnetic solenoid (71) causing actuation pin (70) to
overconme the force of spring (74) and of the nechanical lock (76) and to

ef fect di sengagenent novenent, and further el ectromagnetic solenoid (71) is
integral to actuation pin (70) which does not rotate together with
actuating tip (5 and with hollow shaft (2) and | ocating tube (1) since
they are attached thereto by roller bearings (73, 78) and el ectronmagnetic
solenoid (71) is attached to housing (10) through an anchoring tube (80) by
a key (81) and only has therewith a relative axial novenent. 9. A nechani sm
in accordance with claimb5, characterized in that the

152 152

\
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engagenent nechani sm has an actuating tip (5) which, upon effecting
engagenent novenent, urges engagenent pins (4) radially so that notches
(4a) of the pin tip engage into notches (4c) of the-internal bore of the
gear of the selected constantly neshed pair and that rotates on holl ow
shaft (2), and when actuating pin (5) effects di sengagenent novenent, said
actuating pin (5) pulls engagenent pins (4) radially causing the notches
(4a) of the tips of engagenent pins (4) go d@t-from notches (4c) of the
gear bore where it was engaged and sai d engagenent pins (4) which are
housed 27 in the radial holes of locating tube (1) are retracted
entirely into said |ocating tube (1) allowing the sane to be able of
sliding axially within hollow shaft (2) in a free manner and with no
interference. 10. A nechanismin accordance with claim11, characterized in
that a parallel shaft (34) on which gears (211, 212, 213, 214, 215 and 216)
are constantly neshed and nmaking pair with constantly nmeshed gears (201,
202, 203, 204, 205 and 206) nounted idler on hollow shaft (2), has a

pol ygonal shape with rounded corners

7
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(164) and wherein the gears that are nounted on this shaft are attached by
the central hole which has the sane polygonal shape with rounded corners
(160). 11. A nechanismin accordance with claim1l, -characterized. in that
t he nechanism for the synchronization of rotating parts at the nonent of
t he speed shift has, as an el enent supplying energy for acceleration or
decel eration, the direct or alternating current servonotor (16) which is
driven by the electro-electronic servoactuator (16a) which is in turn
governed and controlled by governing unit <(18)- 12. A nmechanismin
accordance with claim 11, characterized in that the synchronization
nmechani sm (11), when the MASHINES WETHECONSTANT RPTATIGNMQIOR ener gy not or
(101) of constant rotation, actuates the shaft on the output side of the
machi ne, accel erating and decel erating, and the novenment whi ch-ggares from
the direct or alternating current notor (16) tH2otmgh the togfhed og
synchroni zi ng pul | & ) tached to this notor transmt{s'ng, C
synchroni zing belt ©r cthain r ot atifo e S y\C] g or toothed
3 ot her type of
:jout put shaft,

can be hollow shaft (2) or parall el §> : 3
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28 13. A nechanismin.accordance with claim 11, characterized in that the
synchroni zati on mechani sm (11), when the machine is provided wth a-supply
energy notor (101) of variable rotati.on, ‘actuates the shaft on the input
side of the machine or vehicle, accelerating and decel erating, and the
nmoverrent which conmes fromthe direct or alternating current notor (16)

t hrough the toothed or synchronizing pulley (92) attached to this notor
transm tting, through a synchronizing belt_ap chain (91), rotation to the
synchroni zing or toothed pulley (90) attached to the input shaft through a
key or any other type of notch and which, depending on the type of
appl i cation of said output shaf t yASMNEEWTH VARKELEROTARDNMORARA! | €l shaft
(34). 14. A nechanismin accordance with claim 11, characterized in that,
in the synchroni zati on nechani sm when the nmachine is provided with a supply
energy nmotor (101) of continuous rotation, so thaj eed shifl_g,s effected
or to exchange a generic constantly nmeshed gear pair i) to gear pair

(j), the direct or alte Ing_current synchroni zati oM\ nmotorf (16) shoul d
cause the rotation of ou shaNt [err] is atTorg|at mhi%p
it was rotating before releasing &f the clutjch and the n uent |
di sengagenent, which was Ns(i) mul t\N plied by the propor|ti 85 # +the
SEH
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transn1s§?on ratios of the constantly neshed gear palr mhlch S belng out,

R(i), divided by the transm ssion rati o of the constantly neshed gear pair
which is being in, that is, is being selected for wo
noni toring of sald rotations is made by a rotation sgnidt® _
extrenely Short intervals of time, sends the actual jotati '
governing unit (18) so that this IatUBSTHKﬂVes and governs the direct of
alternating current servomotor (16) through the el ectro-electronic

servoact uator (16g)TEeef! ANVENTION: Qre%N @Nﬂﬁc SMOSGNTROIL EBOANS | 1

order to achieve synchronization. BY m Iﬁmu T ance with
claim 11, characterized in that, i nAJTORATICONTRO rr"gcﬁgﬁlms‘m when the
machine is provided with a suppl y energy notor (101) of vari abl e rotation,

so that speed shift is effected or to exchange a generic constantly neshed
gear pair (i) to a gear pair ), the direct or alternating current
synchroni zati on notor (16) shquld cayse the rotation put shaft Nm(j])
is equal to that rotation at .PEW?‘@W&@W}%%%W CW‘)JPH@
clutch and the consequent di sengagenment, which was Nn(i) rrultl pI i ed by the
i nverse proporti amdodriven by a goverming unit in an automartic and conwolled way and manually

driven by an operator. This mechanism actuates in constantly meshed gear pairs acting
in an exclusive way, that is, only a gear pair will be active through this shifting
mechanism, on this set of assembled gear pairs, all of them in two of the same shafts,
one for movement input and the other for movement ourput.

The object of this invention is to offer a new conception of shifting
mechanism actuating on the clutch between the motor (engine) and the transmission
when the power mansmission assembly has a clutch actuating towards selecting and
engaging a speed or a gear pair for the operaton, thus synchronizing rotation. The
shifting mechanism actuates by releasing the clutch in order to permit the selection of
the gear pair to ba made from a set of constantly meshed gear pairs and once made
the selection of said gear pair, the shifting mechanism synchronizes the rotadon of the
rotary members which are active during Opemio;x and once synchronizadon is
achieved, the shifting mcchamsm prov1des for the engagement of the selected pair for
operation. Once this step is attamcd the sh1fnng mechanism causes the clutch between

the motor (cngme) and the Tansmission is closed and thus rotation and torque are now

‘-I "3 g w2 % N r"‘ B
2 ! ¢ 3 ; '-:. : k

u'ansrm:ted through the engmc (motor) traasmxssxon 0 1hé 0 output.

Figure 1 of the drawings should accompany the abstract when published.
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the transnission ratios of the constantly neshed g F—wWhT CIT 1.5 el ng
out, R(i), divided by the transmission ratio of th WME"V"T‘"%%%e gear
pair which is being in, that is, is being selectedfor V\Qr JUN 11896 and t hat
monitoring of said rotations is nmade by a rot ati on|| J&@&er-{94}-whith.} at
extrenely short” intervals of tine, sends the actuaFTotation data to
governing unit (18) so that this latter drives and governs the direct or
alternating current servonotor (16) throughgtbe electro-electronic

servoactuator (16a) accelerating or decelerating the rotating parts in
order to achi eve synchroni zation
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REPLACEMENT SHEET

.. 30 ApR 1997

ABSTRACT

TITLE OF INVENTION:- GEAR-SHIFTING MECHANISM CONTROLLED AND
COMMANDED BY A GOVERNING UNIT IN AN
AUTOMATIC CONTROLLED WAY

A single sliding key type automatic transmission having an input (2) with a sliding locating
tube (1), plural rotary gears (201, 202, 203, 204, 205, 206) rotatable on the input shaft (2). An
actuating tip (5) rotating with the input shaft (2) moves axially to cause the engagement pins
(4) to engage the selected gear (201) to the input shaft (2) so as to transmit rotation to the
countershaft (34). The transmission having a motor (16) for synchronizing the rotation of the
~ input shaft (2) to the counter shaft (34) during a gearshift and additional motors (15 19) for
actuation of the gear shift.

Fig. 1




