
i 

I, , f ! ; .. ~ .. ":.)~..;,rl . -
.. 

" . 
1 

"GEAR-SHIFTING MECHANISM CONTROLLED AND COMMANDED BY A 

GOVERNING 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 and controlled way and manually 
' 

driven by an operator. This mechanism actuates in con.s(antly meshed gear pairs acting 
I 

in an exclusive way, that is, only a gear pair will be active through this shifting 

mec~, 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 vehicle running or moving, a 

synchronization of the movements of the pans of the transmission box. 

These mechanisms have been largely utilized along the time in the 

mechanical industry and in the automotive transmissions. Mechanisms with 

·synchrenizing rings are largely used and therefore fully known and dominated. These ... 
s~g mechanisms with. synchronizing ~gs are detailed in studies published by 
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SAE(Society of Mechanical Engineers) under number 680008, published on January, 

1968. 

The object of this invention is to offer a new conception of shifting 

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

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 paiis 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 transmission 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, 202, 203, 204, 205 and 206. Over a shaft 
r 
· 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 gem 211, 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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thereof. Between the parallel shaft 34 and the hollow shaft 2, a gi:ar shaft parallel to 

the two can be present in order to enable rotation reversion for a specific gear pair. 

This solution has been already employed in the transmission boxes for vehicles in 

order to have the reverse 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 acruating in conjunction with a relay and coil logic 54 

driving the opening for the inlet of hydraulic fluid or compressecl air. 

Figure 3 shows a variation of the engagement and disengagement 

mechanism when actuated by an acruation system through an electromagnetic solenoid 

driven and governed by the governing unit 18 which acts on a relay logic set 83 

driving the energization or de-energization of coil 75 through a electtical voltage 

source 84 fonning 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 t0 actuate the clutch, there is an 

· ··actuation mechanism forming part of the same shifting mechanism 104 which 
.• •: 

encompasses also this actuation function in the clutch box l 02. Between the clutch 

box 102 and the transmission box 103, there is a mechanic~ linkage clement which 
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could be a pair of pulleys 106 coupled by a belt 107, or could be also a rigid or 

elastic coupling, this element being not detailed for being perfectly known. 

Figure 5 shows the shifting mechanism 104 mounted on a 

aummotive vehicle provided with a clutch, the vehicle having the driving motor which 

could be a internal combustion engine or some other kind of motor 121 delivering 

power to the vehicle with variable rotation. Between the motor and the uansmission 

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 invention 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 repins the same, changing only the linkage means 

between output 125 of the transmission box 123 and differential 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 governing unit by the action of an operator or 

driver. The mechanical portion of the shifting mechanism comprises the parts mounted 

internally to the shaft. the actuating pans. a chain or belt transmission. and actuating 

elc~_ctric motors. Between the electric motors and the governing unit 18, there are 

· electro-electronic devices called servo-actuators 17 providing power to the motors as 

the governing unit 18 sends decoded signals to these servo-actuators so that these 
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cause the direct or alternating cum:nt electric motors to act in the sequence foreseen 

by the logic of the governing unit. 

Figure 6 shows in a schematic way, the hierarchy of the drives. The 

governing unit 18 is physically constituted by an electronic hardware based on the 

microprocessor. The governing unit 18 has also in the memory thereof, a program 

(software) 18A managing all the events of driving, control, actuating and sensing for 

the shifting mechanism. The managing hardware and software portions 18A of the 

governing unit 18 in the case of the application shown in figun: 4, can be built-in 

inside the central processing unit (CPU) of a COMPUTERIZED NUMERICAL 

CONTROL CCNC) or inside the central processing unit of a PROORAMMABLE 

LOOIC CONTROLLER (PLC) which can fit the machine wherein the shifting 

mechanism is being applied. This governing 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 son of system which can be hydraulic or pneumatic, the 

· · S¥nchronization actuating motor 16 actuated by the electro-electronic actuator 16A, the 

?-~tu~tion motor 15 for selection of the gear pair actuated by the electro-electronic 

t 9A.. Concerning the releasing and clutching system of the clutch and the modulation 
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thereof for its operation, the acmating mechanism can be other such as hydraulic or 

pneumatic actuators, piloted and governed by the same governing unit 18 with a logic 

suitable and proper for the application. The engagement motor 19 as well as the whole 

engagement mechanism disclosed in the c~ have other constrUCtive options through 

a hydraulic piston acconling to figure 2 or a pneumatic piston according to figure 2 

or through a mechanism composed by an elecU"Omagnetic 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 .~ set of sensors 37 of feedback of positioning, rotation and 

load data. 

The mechanical portion of the shift mechanism 104 has thxcc basic 

consuuctions, 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 arc shown through figures 1. 2 and 3 and are explained along such disclosure. 

The first construction of the 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 consuuction utilizes the 

engagement motor 19 as shown in figure 1. 

This first construction comprises a locating tube 1 sliding on the 

hollow shaft 2 of the gears to be engaged. The constantly meshed gear pairs of the 

tninsmission box 103. 123 of figures 4 and 5, have one of the gears of the pairs 

mounted 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 
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engaged in said parallel shaft 34 so as to rotate as if the parall:l shaft _34 and said 

gears were an integral one-piece. This locating tube 1 can have at the end thereof five 

or more or less radial holes, the amount of radial holes will deper.d on the mechanical 

torque transmitted through the transmission box. 

Figure 7 shows said gears which rotate idler on the hollow shaft 2 

and form pan of the constantly meshed gear pairs of the transmission box 103, 123. 

These are gears whose extemal 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 4c 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 bearings 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 bearings 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 therc~n. has a row of radially disposed holes equally spaced and 
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centered exactly in the centerline 151 of each gear mounted idler on the shaft. It is 

through these holes of the hollow shaft 2 that the engagement pins 4 will transmit 

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 movement of 

selection of the constantly meshed gear pair, the selection mechanism is provided with 

a positioning sensor 37b which can be linear or ~tary and which senses the position 

of the locating tube 1 and infonns 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 figme 8, there 

is represented the polygonal hole 160 with three sides, but it can have four or more 

sides. The advantage of this system is that it docs not need to use keys or internal 

teeth in the gear for attachment with the corresponding shaft. Parallel shaft 34 also is 

not circular and in the ponion thereof on which the gears of the constantly meshed 

pairs arc mounted on this parallel shaft 34, exactly the same outer polygonal contour 

160 is present. Therefore, the gear and the shaft are atways attached for transmitting 

rotation and 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 th~ 

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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l, both are attached through a key 3 pemiiuing zclati.ve axial sliding between the twO, 

but keep them always with the same rotation. In this locating tube 1 with radial holes . 

are mounted' as many engagement pins 4 as many are the number of holes, which pins 

serve to connect the gear of the selected of the hollow shaft 2 e the:efore said gear 

and its pair start to transmit torque and rotation e all temaining gear pairs which ate 

constantly meshed. which are rotating idler, that is, without transmitting rotation and 

torque. The engagement pins 4 as shown in figure lB, 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 lA. Engagement pins 4 have at their clutching end, teeth 4a which 

are coupled to the internal teeth 4c as shown in figure 7. In figures lA and lB, 

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, e has a sliding inclined plane 4b with a 

suitable angle to slide over an actuating tip S. Engagement pins 4 are engaged on the 

actuating tip 5 in guides 6 shown in figure lC. 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 tip 5. In the disengagement movement, when the engagement pin 4 goes out 

of the gear internal 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 

. sl.ipp~ng or rolling guides. T-shaped slot 6a serve to keep the engagement pin 6 

attached to the actuating tip 5 so that this is extracted for disengagcmcnL To retract 
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said engagement pins 4, retracting springs m: used as a solutio~ whexein a "T'-profile 

is no longer necessary for retraction. The springs are. disposed in a radial fashion like 

the pins. always keeping the rettaction force of engagement pins 4. Once the acmatiiig 

tip S is reaacted. engagement pins 4 are also retracted by effect of the springs. When 

the engagement pins 4 are totally retracted with the locating mbc l, they will have a 

diameter smaller that the diameter of hollow shaft 2 so that they move with locating 

mbe 1 to select a new gear pair without said engagement pins 4 rubbing out or 

interfering with the internal hole of hollow shaft 2 during the selection m0vement of 

locating tube 1. The selection movement is monitored by a positioning ~ 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 l by a roller bearing 8 pennitting 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 bu'9 through this roller bearing 8 

pushed and pulls locating tube l 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 toothed belt or chain 14 is given movement 

frog:i a direct or alternating current servomotor 15. This motor 15 is driven by an 

e!Cc~lectronic apparatus for power transmission referred to as servo-actuator ( 15a) 

which is schcm~rlcally depicted in figure 6. Servo-actuator 15a receives drives to 
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actuate motor 15 to acmatc motor 14 of the governing unit 18. The clutching 

movement or the movement of the engagement pins 4 is effected through longitudinal 

displacement axially of locating tube l and relative to this locating tube 1, of the 

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

said engagement pins 4, in the guides 6 of said actuating tip 5. The clutching 

movements of said engagement pins 4 arc radial and pcrpcr..dicular to the axial 

displacement of the actuating tip S. The actuating tip S besides rotating together with 

said locating tube 1 e displacing with this locating tube 1 axially to cause the location 

and selection movement, has also a relative axial movement with this locating tube 

l, which axial movement is inherent to the actuating tip S whi:h is independent of 

locating tube 1. This axial movement pcnnits to transfer axial movement to 

engagement pins 4 through an end cone of the actuating tip S and through said end 

with inclined plane 4b of engagement pins 4. Actuating tip S rotates together with 

locating tube 1 since it is engaged to engagement pins 4 and these are mounted within 

locating tube 1 by the radial holes. The positioning accuracy of the actuating tip S 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, 

according to figure l, so that the actuating tip S effects axial movement and promotes 

~81 movement of engagement pins 4 into locating tube 1 and engages the gear of 

the selected gear pair, said actuating tip 5 is given axial 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 



12 

... · 
· .. ~··. 

=·- . 
. :·· . . ~· ·:·.'· 

which in turn is secured to the transmission housing 10. An extended nut 24 which 

is mounted within locating tube 1 and axially therewith does not rotate with the tube 

since there is a roller bearing 30 therebetween that permits that said extended nut 24 

is only translated axially with locating tube 1. By rotating independently of locating 

tube 1, extended nut 24 causes the extended screw 2S moves axially within anchoring 

tube 27 e thereby extended screw 2S pulls or pushes actuating tip S. 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 tranSinission housing 10 through 

roller bearing 29. Extended nut 24 is always attached to turning tube 22 through key._ ·. 

23 as the turning nut 24 which is mounted within locating tube 1 moves axially 

therewith. Extended nut 24 enters and exits within turning tube 22 as locating 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 lccy 21. Synchronizing or toothed pulley 

20 is given movement through the synchronizing belt 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 

turning_ ~rcction imposed by the direct or alternating current motor 19. Therefore, 

with movement of acwating tip S caused by the axial movement of extended SCICW 

25 to which said actuating tip S is attached through roller bearing 31, engagement pins 
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4 engage and disengage the gear from the selected gear pair. 

As a second alternative, in accordance with figure 2. so that 

actuating tip 5 carries out the axial movement and promotes radial movement of 

engagement pins 4 within locating tube 1 and engage gear of the selected gear pair, 

said actuating tip 5 is give the axial movement from an actuation piston 40 which· 

does not rotate since it forms part of an actuation cylinder 41. Between actuation 

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 assembly 

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 pennits 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 that engagement pins 4 can engage teeth 

4a in internal teeth 4c 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 45 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 

-Q!ngagement pins 4 are pulled to disengage teeth 4a from internal teeth 4c 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 actuation piston 40, actuation chamber being connected in a free of 
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pressure fashion to tank or outlet 56. Engagement pins 4 are pulled inwardly iocaang 

tube 1 permitting that it is displaced for selection. Actuation cylinder 41 does not 

rotate with hollow shaft 2 but rather it is displaced axially therewith during movement 

of selection of the gear pair for operation. Actuation cylinder 41 is attached to hollow 

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 SO during selection movement of the gear pair and anchoring 

tube SO 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 actuation of actuation piston 40 and consequently to 

effect engagement and disengagement of the selected gear pair through engagement 

ptns 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 53 

with return to zero pressure, and tank S6 or outlet on the opposite side to the actuation 

effect. 

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

tip S c:in effect axial movement and promote radial movement. of engagement pins 4 
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within locating tube 1 and engage gear of the selected gear pair, said actuating a.p 5 

is given axial movement from an actuation pin 70 which docs not rotate since it forms 

part of an actuating electromagnetic solenoid 71. Between ac :uation pin 70 and 

electromagnetic solenoid 71, there is only relatively the axial movement and so that 

one docs not rotate relative to the other, these are attached by 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 aetuating pin 70 which does not rot1te can push or pull 

acwating tip 5, 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 to 

acwating tip S. Actuating pin 70 moves axially within electtamagnetic 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 7 4 and by a mechanical lock 7 6. 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 move~ent of actuating pin 70 is 

made by the electtemagnetic 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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and releases totally engagement pins 4 into loeating tube 1. permitting that this will 

be displaced to effect the selection movement of the new gear pair for operation. 

Electromagnetic solenoid 71 does not rotate with hollow shaft 2 but rather displaces 

axially therewith during the selection movement of the gear pair for operation. 

ElecU"Omagnetic solenoid 71 is attached to hollow shaft 2 through of two roller 

bearings 78 which pennit relative rotation therebetween, but do not permit relative 

axial movement therebetwecn, 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 ttansmission 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 transmit 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 

7 5 of electromagnetic solenoid 71 by receiving energy from an electric voltage source 

84. When coil 75 is energized, actuating pin 70 overcomes the force of spring 74 and 

of mechanical lock 76 and then djsengagement is effected. Without energy, coil 75 

· does not act on the actuating pin 70 and therefore the action is of spring 7 4 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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correct position of speed selection. To ensure that engagement pins 4 attain the 

engagement and disengagement points, there is in the system a sensor measuring the 

perfect position of the engaged pin of the disengaged pin so that governing unit 18 

monitors and drives the correct position for speed engagement and disengagement. 

The present invention also concerns the synchronization system of 

the rotary pans through of the continuous or alternating current 16 driven by the· 

electro-electronic actuation 16a according to figures l 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: (j) 
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By the transmission equation of mechanics, we have, ior a 

determined generic pair of gears (i): 

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

For the other generic gear pair G) 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 

(j), said output rotations are related by the following expression: 

Ns(i)xR(i)=Ns(j)xR(j) 

Then, the end output rotation will be: 

NsG)=Ns(i)xR(i)/R(j) 

NsG) differs from Ns(i) by the proportion of the transmission rate 

R(i) 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 synchronization 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 

RG) has been attained, the event of speed shift takes place, that is, there is an 

engagement of the gear pair 3. For a perfect accuracy of the phenomenon, the input 

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

and by the input sensor 93. Independent from where hollow shaft 2 is mounted or in 
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the output rotation side 105 (figure 9B), the synchronism system should be mounted 

in the output rotation side 105. since it is of this side that the rotating masses have to 

be accelerated or decelerated. 

If in this case, the machine motor or vehicle elginc is of variable 

rotation 121. figure 10. supplying this rotation to the machine or vehicle from clutch 

122 and then to the transmission 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 G). we have: 

Nm(j)=Ns(j)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 G) 

of gears. said input rotations arc related through the following expression: 

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

Then. the end input rotation should be: 

Nm(j):Nm(i)x{R{j)/R(i)) 

Nm(j) differs from Nm(i) by the inverse proportion of the 

tiansmission ratios R(i) and R(j). Therefore. the synchronism motor 16. starting from 

the moment in which clutch is released and from the moment in which the ge31' pair 
.... 

(i) is disengaged for speed shift, will have to cause rotation of the input shaft. Nm(j). 
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to be equal to rotation that was prevailing prior to releasing of the clutch, Nm(i), 

multiplied by the inverse proportion R(i)/R(j). in a ptedetcnnined fraction of time. 

Thereby. the rotating masses are decelerated or accelerated as a function of the inverse 

ratio R(i)/R(j). At the moment in that rotation Nm(j) has been attained. the speed shift 

event ta.lees place, that is, the gear pair G) is engaged. For a perfect accuracy of the 

phenomenon, the input and output rotations are being constantly monitored by the 

rotation sensors, by the 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 lOB, or from the rotation input side, as in figure lOA. 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 alternating 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 

tias at one shaft thereof, a toothed or synchronizing pulley 91 which, in tum, is 

connected o transmit rotation co 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 

details, ~t is understood that within the spirit and scope of the present invention, it is .. 
possible that parts are rearranged and modified. 
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CLAIMS 

1. Gear-shifting mechanism controlled 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 mechanism of a transmission box of automobiles or 

machines, characterized by comprising a set of servo-motors (15, 16, 19) of direct or 

alternating cmrcnt 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. 19a) of a set 

( 17) of servo-actuators. 

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

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

· of direct or alternating cUITCnt 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 action 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 

a.utomaticall y. 

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

so that mere 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 
------···-··-------· 
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the direct or alternating current servomotor (19) which uncouples the machine or 

vehicle motor from the transmission opening the power transmission loop followed by 

the event of speed disengagement through the engagement and disengagement actuated 

but the direct or alternating current motor ( 19) followed by the event of selection of 

a new speed through the location mechanism actuated by the direct or alternating 

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 trnnsmission 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 pan 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 

. co be engaged to the hollow shaft (2) by the engagement and disengagement 

.. 
mechanism and that the selection mechanism is composed by a locating tube (l) 

having.a SCt;.OfT.ldial holes equally disuibuted over the diameter of locating tube (l) 

. I 1111111.1111111111111111111111 
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and spaced by an equal angle, each hole housing an engagemc:nt pin (4) so that 

locating tube (1) rotates along with shaft (2) and slides within the same searching for 

the location of a centerline (151) of the gear of the constantly mes;1ed pair chosen for 

selection and in that a lug nut which is engaged in locating tube 1.l) through a roller 

bearing (8) does not rotate in relation to housing (10) but it is actuated by a spindle 

(9) to impan 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 accura•:y 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 internally of locating tube 

(1) which in tum 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 ef~ect the engagement and disengagement movement. pushed or pulled by an ... 
actuating 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 

I lllllllllllll llllHllll II llll · 
* C L M S * 



24 

engagement pins (4) through linkages such as guides (6) from within the notches oi 

the gears for disengagement and funher the return of engagement pins (4) is made by 

springs. 

6. A mechanism in accordance with claim 5, characterized in that 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 toothed pulley (20) which is attached by 

a key (21) or any other type of notch to a turning tube (22) transmitting 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 governs the system. 

7. A mechanism in accordance with claim 5, characterized in that the 

111111111111111111111111111111 
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engagement and disengagement mechanism is actuated by a hydraulic or pneumanc 

system which 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 

compressed 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 movemen~ since the hydraulic fluid 

or compressed air go to an acmation 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 funher actuation cylinder (41} is attached to housing (10) through 

an anchoring tube (50) through key (51) and between anchoring tube (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 actuation 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 deactuation duct (53) so that disengagement movement of the 

mechanism is effected. 

8. A mechanism in accordance with claim 5, characterized in that the 

engagement and disengagement mechanism is actuated by an actuation system through 

an actuating electromagnetic 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) 

. \ \llllll lllll\ Ill\\ \till \t Ill\ 
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through an electric voltage source (84) forming part of the actuation solenoid (7 1), ui1s 

energization drive 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 voltage, 

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 movement, 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) 

a.nd only ha.s therewith a relative axial movement. 

9. A mechanism in accordance with claim 5, 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 

. ·. dtSengagement movement, said actuating pin (5) pulls engagement pins (4) radially 

causing the ~gtches (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 

' llllll\ \l\11\ lll\l l\1111' \Ill 
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in the radial holes of locating tube (1) are retracted entirely into s:iid locating tube (1) 

allowing the same to be able of sliding axially within hollow shaft (2) in a free 

manner and with no interference. 

10. A mechanism in accordance with claim 1. !:haracterized in that 

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

meshed and making pair with constantly meshed gears (201. 20~ .• 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 arc attached by the central 

hole which has the same polygonal shape with rounded comers (160). 

11. A mechanism in accordance with claim 1. ·:haracterized in that 

the mechanism for the synchronization of rotating pans at the moment of the speed 

shift has. as an element supplying energy for acceleration or deceleration, the direct 

or alternating current servomotor ( 16) which is driven by the electro-electronic 

servoactuator ( l 6a) 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) attached to this motor transmitting, through a synchronizing belt or chain (91), 

-
rotation to the synchronizing or toothed pulley (90) attached to the output shaft 

through a key pr 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). 

- 1111111111111111111 '11111111111 
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13. 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 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 cUirent 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 parallel 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 pair (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) multiplied 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 shon intervals of time, sends the actual 

- .. r<:>tation &ta to governing unit (18) so that this latter drives and governs the direct or 

alternating cUire_nt servomotor ( 16) through the electto-electronic servoactuator ( 16a) 

accelerating or decelerating the rotating parts in order to achieve synchronization. 
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15. 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 variable rotation. so that speed shift is effected or to exchange a 

generic constantly meshed gear pair (i) to a gear pair G), the direct or alternating 

cunent synchronization motor ( 16) should cause the rotation of input shaft N m(j) is 

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

consequent disengagement, which was Nm(i) multiplied by the inverse 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, RG). 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 laner drives and governs the 

direct or alternating current servomotor (16) through the electro-electronic 

servoactuator ( l 6a) accelerating or decelerating the rotating pans in order to achieve 

synchronization. 
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