1 MECHANI CAL WORK SAMPLI NG SYSTEM FOR THE OPERATI ON OF ARTI CULATED
EXTENSI ONS | N VEHI CULAR APPLI CATI ONS The present invention relates to
a nechanical work 5 system nore in particular to a nmechanical work
sanpling system for operating articul ated extensions in vehicul ar

appl i cations. It is known that tracked vehicles can easily run
W thin unstructured environnents and overcone 10 rel atively tal
obstacles. The ability of running over rough terrain and of
overcom ng steps is due to a plurality of factors, anbng which at

| east the track geonmtrya@nbahevehirebessseent fer ofur@sErArToRher

hi gh degree of mobility of tracked vehicles is 15 particularly useful
in the field of teARESEVLAEIER GHIENSS ONGheN eVRH I GleLAhi ARRL BT IONANI ng
over high steps or stair ranps is often a very inportant requirenent.
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At the same time, however, the tracked vehicle 20 nust typically

carry sensors and aghdapekSent henRaSRIC e ARA RO LOReBhaMDELD A&
defined for each particular case depending on the application or

mssion it Ps isvsésted frore Thins pavbivedsan certadn vegreeiofl work

R R XS I N

vehicular applications.
It is known that tracked vehicles can easily run
within unstructured environments and overcome
10 relatively tzall obstacles. The ability of running over
rough terrain and of overcoming steps is due to a
plurality of factors, among which at least the track
geometry and the wvehicle’s centre of gravity.
The high degree of mobility of tracked vehicles is
15 particularly useful in the field of terrestrial
robotics, wherein the ability of running over high
steps or stair ramps 1s often a wvery important
requirement.
At the same time, however, the tracked wvehicle
20 must typically carry sensors and actuators, the
presence and position of which are defined for each
prarticular case depending on the applicaticon or mission
it is intended for.
This involves a certain degree of uncertainty as
25 to the exact positioning of the centre of gravity of a
tracked vehicle for terrestrial robotics applications.
Rather than with reference to the tracked vehicle
alone, said centre of gravity can only be calculated

after having defined +the whole set of sensors and



Rat her than with reference to the tracked vehicle alone, said centre
of gravity can only be calcul ated after having defined the whol e set
of sensors and 2 actuators it nust carry, however, if the actuators
are nobile ones, or anyway if their operé%ion causes any
configuration changes, this my |lead to non-negligible variations in
the position of the 5 vehicle's centre of gravity. Thi s
uncertainty in the calculation of the centre of gravity of a tracked
vehicle for terrestrial robotics applications is often a probl em when

overcom ng Song dyRes-af 10bshac! esrryhi 6BwBVEP! 1P iROPAELLZ& A Cire
stability of the vehicle or even, in the worst cases, cause the

capsi zi ng of thehidki cirs, or alneanbovetirenti ciped airiobl emusas been
partially solved in the field of the so-called unnmanned vehi%Les;édw
an

this case, artiCHaf8I2ExPBNsi o3RS been"Hdted tHHU5 whed

tracks. Al thoughnthese;geshani cal;exisnsi ofs ang deyieas; dhatdmyhe
all ow variable control of the length of a vehicle i'n order to nmake

the | atter borechtiabkésandntessoproresitty.capsi ze when runni ng over
obstacles, they alsq increase the overall conplexity of 20 the entire

mechat roni ¢ appar at GELSEXBREEREEMSY oh? The f GRESUIReRD AT | distCPhe ©

addi ti onal aCt%%toﬁr%Qi%Qnt%9| BtstghékéﬁiOOeﬁicféte@éi?”tef%@%éﬂial
| east one further actuator when the track of the extension is

aut ononousl y canbrtalikbed bypplheatdionst r acks offtehe 25 vehiobllem when
It is therefore the ob%ect of the present inventiagn to disclose a

mechani cal wor RVSARBITAE sFSMEm foPeGperdt i MPHAGER at dth &t erf¥iBits
in vehicul a5 apRbbaakhBStnhichyisidy &8 khem/bhe aRoye-descrifpdne

worst cases, cause the capsizing of the vehicle.

The above-mentioned problem has been partially
solved in the field of the so-called unmanned vehicles;
in this case, articulated extensions have been added to

15 wheels and tracks. Although these mechanical extensions
are devices that may allow variable control of the
length of a wvehicle in order to make the latter more
stable and less prone to capsize when running over
obstacles, they also increase the overall complexity of

20 the entire mechatronic apparatus. Each extensicn, in
fact, needs at least one additional actuator to control
its elevation or extension, and at least one further
actuator when the track of the extension is
autonomously controlled by the main tracks of the

25 wvehicle.

It 1is therefore the object of the present
invention to disclose a mechanical work sampling system
for operating articulated extensicns in vehicular

applications, which i1s free from the above-described



3 drawbacks. According to the present invention, a mechanical work

sanpling system for operating articul ated extensions in vehicul ar
applications is provided as 5 clainmed in the first claim The

i nvention will now be described with reference to the annexed

drawi ngs, which illustrate a non-limting enbodi nent thereof,

wherein: Fig. 1 is a side viewof a portion of a tracked 10 vehicle
fitted wth a nechani cal work sanpling system for operating

articul ated extensions in vehicular applications according to the

pr esent inventb%%'bagkg: 2 shows a plan view of a detail of Fig. 1;
15 - Fig. 3 an Elg. respectively show a first and a second
configurations of thecsy&ietn aecanhedi ngds@enithe mpreesdmn, nvenétiayical
Fig. 5 shows a detail of a support armof the systemaccording to the
present invent ¥EAX 2052TRHLIP sHORSER pefIpectdPFd AFitd of 2Rt Het s 1ebf

a pul ley bel ongl.ag L9 hhe SySLERLAGERF AN 4L 08,R eSENt LOYERLT Uk
5 claimed in the first cilaim.
The invention will now be described with reference
to the annexed drawings, which illustrate a
non—-limiting embodiment thereof, wherein:
— Fig. 1 is a side view of a portion of a tracked

10 vehicle fitted with a mechanical work sampling
system for operating articulated extensions in
vehicular applications according to the present
invention;

— Fig. 2 shows a plan view of a detail of Fig. 1;

15 - Fig. 3 and Fig. 4 respectively show a first and a
seccond configurations of the system according to
the present invention;

— Fig. 5 shows a detail of a support arm of the
system according to the present invention;

20 — Fig. & shows a perspective view of a detail of
a pulley belonging to the system according to the
present invention.

Referring now to Fig. 1, reference numeral 10
designates as a whole a mechanical work sampling system

25 for operating articulated extensions in vehicular

applications.
System 10 is Dbased on the recognition of the
practical useifiulness of a variable geometry of a track

of a tracked wvehicle 30, and is especially designed for



Referring nowto Fig. 1, reference nuneral 10 designates as a whole a
mechani cal work sanpling system 25 for operating articul ated
extensions in vehicul ar applications. System 10 i s based on the
recognition of the practical usefulness of a variable geonetry of a
track of a tracked vehicle 30, and is especially designed for 4
overcom ng steps or stair ranps. In particular, tracked vehicle
30 has a first pair of main tracks 21, respectively positioned on the
| eft side and on the right side of the vehicle itself, and a 5
plurality of systemns,iQqg g@gpscggwgﬁégguléypg east one secondary
track. Ther ef or e, vehlc e 30 shown in Fig. 1 includes a second
and a third pair of Isependacyldracksadd&d 2@hicesp80t huel y &frangedas

follows: 10- the second pair qof secondary tracks 22 are positioned on
a front part ofPNERY &T8GXSwHdr eir R SPRETSERONAIPPEF L Oted et ylett

tracks include ong trhacks DRLalleg op; dhe,d effe %‘eﬂ%ci‘@dl%gﬁr% a

installed on the right side; for this reason, a pair of systens
10 according t@ﬂmhrelmtgsem dyrentsi drd,areadh tctcexdamml@;e dtr ardta grardneof
vehicle 30; - the third pair_of secondary tracks 23 are positioned on

a rear part of SFERIPEPEY30T2Gherein 20 the third pair of secondary
tracks include one trh@%fbf‘éta%ﬁgc%‘ EﬁesthqL %d%l%nddtorh%élﬁﬂfe‘% a

installed on the right side; a pair of systens according to the
present inventiserxoare dreref aheérdl @ ipr esenseabtnddey r eancds vehi cdx
30. respectively arranged as follows:

10 — the second pair of secondary tracks 22 are
positioned on a front part of vehicle 30, wherein
the second palr of secondary tracks include one
track installed on the left side and one track
installed on the right side; for this reason, a

15 pair of systems 10 according to the present
invention are fitted on the front part of vehicle
30;

— the third pair of secondary tracks 23 are
positioned on a rear part of wvehicle 30, wherein

20 the third pair of secondary tracks include one
track installed on the left side and ocne track
installed on the right side; a pair of systems 10
according to the present invention are therefore
also present at the rear of vehicle 30.

25 The secondary tracks move in the same direction as

main tracks 21.
The second and third pairs of secondary tracks 22,

23 are installed, in particular, on a plurality of

support arms 40, each having a first end 41 constrained



25The secondary tracks nove in the same direction as main tracks 21.
The second and third pairs of secondary tracks 22, 23 are installed,
in particular, on a plurality of supportfﬂrns 40, each having a first
end 41 constrained 5 to an axis coinciding with that of a driven or
drive wheel carrying a track of the first pair of main tracks 21, and
a second end 42 on which a respective first driven wheel 44 is
installed, which is susceptible of 5 tensioning the secondary track
together with a second driven wheel 45 (not shown in Fig. 1 because

hi dden by drive whgel .32 of,ihe; fBIP J«m@r{ﬁi{og}gt iéingm%&a; chrn @ fe

parallel to that of the first driven whee ,
exanpl e, the t hiteglpaiarrgindOasecaridarfy theaddss23phaveof espect t vacks
| eft and right support arms 40, which are constrained to a driving

wheel 32 of thélpait"df AmaFRcPHacks 242 a1 YFRG wieel® F2 'S eur e by
at |east one myn AHORMISAr 20, ; SCNEMBIGA | Y SNAW ASs & SAUARA DA

for sinplicity. 15 Each one of support arns 40 can rotate about the
first end 4%, sentshahinhbe thecordandatryadckacal tdyetthecondtand tdeddchd
pairs of tracks 22, 23 can tilt at a variable angle a upwards. or

downwar ds wi t h SFesF8ct R e6lapl AREtoFRGFBUMA H89- oh WRFEIST riaddds by

vehicle 30 is 20;q0VifQe) 32 ofl ghesza\ﬁ/ﬂi G olcg)a glo%%tﬁhﬁwa%fou% an

detail of Fig. 1, shows a chasSis 60 of the tracked vehicle 30,
whereto a shaf taxis pemnstial ned tiewdhhdr ifdreg dheeén 32héol adLs, the
| atter receiving notion fromthe main 25 propul sor 50 through a drive
belt 51 turning on &%cofipfe of:ax&STpafaprPRict o &G s Fird Paiphe of

second driygn %.%%leé? Oftéa[&sseggndﬁé e”r%%g cBxial IpeRosLhoned,an
support arm40, is a s8 connected to this SRATE.
.support arms 40, which are constrained to a driving
wheel 32 of the pair of main tracks 21; driving wheel
32 1is turned by at least one main propulsor 50,
schematically shown as a square box for simplicity.
15 Each one of support arms 40 can rotate about the
first end 41, so that the secondary tracks of the
second and third pairs of tracks 22, 23 can tilt at a
variable angle 0 upwards or downwards with respect to a
plane of ground 100 on which tracked wvehicle 30 is
20 moving.
Fig. 2, which 1is a plan view of a detail of
Fig. 1, shows a chassis 60 of the tracked wvehicle 30,
whereto a shaft i1s constrained on which driving wheel
32 rotates, the latter receiving motion from the main
25 propulsor 50 through a drive belt 51 turning on a
couple of axes parallel teo axis z.
The seccond driven wheel 45 of the secondary track,
axlally positioned on support arm 40, is also connected

to this shaft.



6 Each one of the support arns 40 can slide with respect to the
shaft in a direction orthogonal to its axis, i.e. it can slide
sideways to the left and to the right with respect to the direction
of forward motion 5 of the vehicle 30, a® shown in Fig. 2 by arrow a,
i.e. parallel to axis z. Therefore, each one of support arnms 40
has a first and a second operating configurations. In the first
operating configuration, as shown in 10 the detail of Fig. 3, a
coupling takes place, for exanple and without limtation by nmeans of
bevel gears, bet WEeR .3 pQ)CHet @fm:ﬁg %rﬁ% %Q@SSELII%HSGO4O can slldhe with
Ont hecontrary, t hesecon operating confi brati on, as shown in

detail of Fig. rgspktCcalor esRondsfito im ca)u@i:rétg:abﬁt WeSTh &iapRar ttarim 0
and mai n propul sor 50 which takes place through a driven pulley 70
driven by sai d 3% Spufls6r ARdCADUR EH Sdda1aySoikot heeshaft. aWne’?P the
switching from first t seco 0 tin o] t

the first and srél glt ‘JECI ver% %égécl 2%44%64215d%s)e§%% at gjdgwgé%vg&gjagp%%&ozﬂm
40 keep worKRi n@fi AHehere@Xicak POSi EkoBhwkhhinespect2tioy theras m,i tised f;
being idle, they can rotate with respect to support arm 40 when mai n
propul sor 50 i $36/1123H6Red%tS whi | ei nt hefirstoperating confi gur at| on
support arm40 is | a e e e

configuration suppo?ﬁéggﬁﬁ% ééarhot g’ OQFI ?grtnge%gmgﬁg
work of f main phapul setoch. operating conflgurations.

es

In the first operating configuration, as shown in
10 the detail of Fig. 3, a coupling takes place, for
example and without limitation by means of bewvel gears,
between support arm 40 and chassis 60.
On the contrary, the second operating
configuration, as shown in the detail of Fig. 4,
15 corresponds to a coupling between support arm 40 and
main propulsor 50 which takes place through a driven
pulley 70 driven by said propulsor and mounted axially
on the shaft.
When switching from the first to the second
20 operating configuration, the first and second driven
wheels 44, 45 associated with support arm 40 keep
working in the axial position with respect to the arm
itself; being idle, they can rotate with respect to
support arm 40 when main propulsor 50 is on.
25 However, while in the first operating
configuration support arm 40 is locked to a fixed angle
0, in the second operating configuration support arm 40
is rotated on the first end 41 and takes work off main

propulsor 50.



7 As previously described, the coupling between the first end
41 of support arm 40 and driven pulley 70 occurs through the use of
bevel gears; however, a simlar systenlenploys a pair of clutches
arranged at 5 the axis of rotation of support arm 40. In such a
case, as shown in Fig. 5, the first end 41 of support arm 40 has a
cylindrical body 4la which, when in use, is at |least partially
inserted in the body of the driven pulley; cylindrical body 4la ends
with a 10 holl ow nal e truncated coni cal section 41b. Driven

pul ey 70, shown i nfxgin%fre@io{@l | §0:00] Loy angd. h@‘él#?i}:'ienage%eltcme,enmtehne

termnating wwth a e truncated conical sectio

in use, coupl esitr@tt hehendl obrfcyhippdikcalrmbody 4ia by ioent astiey 70
151 nt hefirstoperatingconfiguration,the truncated conical ends do not
touch each ot héccuEs tHa¥ocife &hm i 45¢ oHKedPaVeh HETE i nBavargfe. 2

In the second qper.at.i.n i Lon,. i e r.unc ni_cal
ends are brougﬁ?%ﬁggg %ﬁg%%b %ﬁ%ﬁé?grg E?é%q%?d%n ﬁ%ﬁ%hfﬁ%ﬁgﬁ%%%éﬁﬁ
they are nmusualdny eeupl ed bytg£ondn ast ;sudp-dr avenapul | ey and support
arm 40 are thus coupled together, and the rotation of support arm 40
can be governed thr 60gRuYAki A BRBPUl 8Dr SBYN 25| hbF | y2 . shfxt st end

according to the presgac-ioventian fesproxidedaui L limy su tahes
(not shown) that may b& PP Akeéd™t 6 addrt rondl "8t e y dévi‘tes to ensure
that support akfend4@nateelsed Hf operdty parithian 1henapgtibarispaceoody
required by a specific application

of the driven pulley; cylindrical body 4la ends with a

10 hollow male truncated conical secticn 41b.

Driven pulley 70, shown in Fig. 6, is also hollow
and has one end terminating with a female truncated
conical section 7la which, when in use, couples to the
end of cylindrical body 4ia by contrast.

15 In the first operating configuration, the
truncated conical ends do not touch each other, so that
the arm is locked at a predefined angle.

In the second operating configuration, instead,
the truncated conical ends are Dbrought near and

20 therefore enter a configuration wherein they are
mutually coupled by contrast; the driven pulley and
support arm 40 are thus coupled together, and the
rotation of support arm 40 can be governed through main
propulsor 50.

25 Finally, system 1 according to the present
invention is provided with limit switches (not shown)
that may be linked o additional safety devices to

ensure that support arms 40 are used properly within

the angular spaces reguired by a specific application



8 and in accordance with the vehicle's di nensions. The

advant ages of the nechani cal work sanpling systemfor operating
articul ated extensions in vehicular applications are apparent from

t he above 5 description. In particular, i% allows to change t he
position of the centre of gravity of a tracked vehicle, while at the
same tinme allow ng to overcome obstacles which traditionally m ght
cause the vehicle to turn over or anyway jeopardize its stability.
10The systen1according to the present invention can be easily

desi gned and 3% ‘érc%g d&HHé &0t rﬂ}l%'tde’?lg] @~ %eﬁﬁ}nQstﬁsf' nal

cost of the trac vehlc e as | ow as possi The system descri bed
so far may be subj echet cadwdds ayarbenf ofthear math@nscamdnofrkcaﬁam&mg]d
addi ti ons which are obvious to those skilled in the art, wthout

however depar t iS¥§5efom ff® prQﬁ%ﬁﬂq%ﬂﬁ sc%b%l%%&a??ﬁtI1eﬁﬁepﬁé°%5peﬁﬁbd

clai ms. LN Partlat el Labs ehepfodhak Lhesbruncal e, 20 ook oaluove

couplings shown in the annexed draw ngs and

equi val ent| ¢ belasepliaeednw tin chatehtnDaeans alangedtat chegaxithef

rotation of the support arm 25 9 CLAI M5
position of the centre of gravity of a tracked vehicle,
while at the same time allowing to overcome obstacles
which traditicnally might cause the vehicle to turn
over or anyway jeopardize its stability.

10 The system according to the present invention can
be easily designed and manufactured, thus contributing
to keeping the final cost of the tracked vehicle as low
as possible.

The system described so far may be subject to a

15 number of variations, modifications and additions which
are obvious to those skilled in the art, without
however departing from the protection scope set forth
in the appended claims.

In particular, it 1is clear that the truncated

20 conical couplings shown 1in the annexed drawings and
described above may equivalently be replaced with

clutching means arranged at the axis of rotation of the

support arm.

25



1) A nechanical work sanpling system (10) for the operation of
extensions articulated in vehicular applications; the systemis
susceptible of being 5 applied on a tracked vehicle (30) and
conprises at |east a supporting arn1(40)5%nd a secondary track (22;
23) associated to said supporting arm (40); said supporting arm (40)
being configurable in rotation configuration within which it rotates
wWth respect to a 10 first end (41) through a sanpling of work froma
propul sor of said tracked vehicle (30). 2) System according to
claim1, wherein said supporting arm ceppij,ses another configuration
within which it is fixed wwth respect to sard tracked vehicle 15(30).
3) System accordi ng1toaCkachrdichbhewern sansi Suppordidg arom (£Q) the
conprises al so a second end (42) opposed with respect to said first
end; said syst @PeEEO}CBonPE sitFHISOrs fiasticaddteédeond whedhi quar
45), 20 positiqgned.r Lve upQn 1d firs and d

42) and upon V\%lpgﬁuic?%lggg%hstgg?edgggié%nse%%nd%?%@ r%gtile( 220?923‘%.%9
4) System agcolghipngetio &l abm dra@Pr yshbglal SGofiri £4d OroRaASes at
suscepti bl e of being coupled to an end 25 of said supporting arm
(40) . 5) legstem &EO8PHFMhRTt BRI AFPH 42NGh@dr 8RRORI@ XY FFiath o2/

nmeans conpri se | east a_pulley (70). 6) .System ac di ng t.0
claimb5, mhereﬁ%ssaﬁ Sﬁﬁf?§§d(7%3 ég%ﬁ}i§§§p§r%%ﬂﬁca?5% C %é%hl%ald

section (71a) sl@pandinger&im s@iod supPAst i thEiIlgarEAAE has orbiddtscend
a body (4la) ending with a truncated conical section; said truncated
coni cal sectiosoafigyraticrmi wWltuln eshicro) tan@tshird vitihche e Tortical

section (41p) of gaid, 5, body,(41a)Rgh NG SUSREPIAY! &0 wiMkuatL Y &
coupling in usé.
propulsor of said tracked vehicle (30).

Z2) System according to claim 1, wherein said
supporting arm comprises another configuration within
which it is fixed with respect to said tracked wvehicle

15 {30) .

3) System according to c¢laim 1, wherein said
supporting arm (40) comprises also a second end (42)
opposed with respect to said first end; said system
{(10) comprising also a first and second wheel (44, 45),

20 positioned respectively upon said first and second end
(41, 42) and upon which it is installed said secondary
track (22; 23}.

4) System according to c¢laim 1, comprising also

friction means susceptible of being coupled to an end
25 of said supporting arm (4Q).

5) System according to claim 4, wherein said

friction means comprise at least a pulley (70).

&) System according to claim 5, wherein said

pulley {70) comprises a truncated conical section {71a)



7) System according to claim6, wherein said truncated conica
section (71a) of said pulley (70) and said truncated conical section
(41b) of said body (4l1la) 10 are respectively of male and femal e type
or of female and mal e type. 8) Tr 4Bked vehicle (30),
conprising a nmechanical work sanpling system (10) for the operation
of extensions articulated in vehicular applications 15 according to
clainms 1-7. 9) Tracked vehicle (30) according to claimS8,
particul arly designed for the overcom ng steps and ranps, conprising

a couple of main dtr .(21)..each i;nst e | east. | e
of wheel s, and 3 deﬁ@%%%f& #%ﬁ%eggﬁgﬁﬁgéﬁaogkbaggggogéfe%%fJﬁ%@%ﬁgpo
each of said muoayt racks) (2i3ihg iwisthal dedransystemdctQ)caaccossi ght 0
claims 1-7. ~10) Tracked vehicle according to claimS8,

suscepti bl e i ns@ded BiunRAMSsy 6ANACHE 08RETEED0)(/1and 25 WidFei R SEY

supporting ar m(%?.) Qs sal g sysem (10). Jingald rotat i ol e caig

configuration, 'varies an anglel%éﬁibe ween T tselt an salg groun

(100). 5 body (4la) being susceptible of mutually coupling in
use.

7) System according to c¢laim 6, wherein said
truncated conical section (71a) of said pulley (70) and
said truncated conical section (41b) of said body {(4la)

10 are respectively of male and female type or of female
and male type.

8) Tracked wvehicle (30), comprising a mechanical
work sampling system {10) for the operation of
extensions articulated in vehicular applications

i5 according to claims 1-7.

9} Tracked wvehicle (30) according to c¢laim 8,
particularly designed for the overcoming steps and
ramps, comprising a couple of main tracks (21) each one
installed on at least a couple of wheels, and wherein

20 for each wheel of said couple of wheels of each of said
main tracks (21) is installed a system (10) according
to claims 1-7.

10) Tracked wvehicle according to claim 8§,

susceptible in used of moving on a ground (100), and
25 wherein said supporting arm (4C) of saild system (10},
in said rotation configuration, wvaries an angle (o)

between itself and said ground (100).



