29 Novenber 2006 1 A Trailing Arm Suspension Assenbl y" TI]Qi S i,nv I on
relates to a | eading or trailing arm suspension assembl¥’ i ﬂveﬁlg’refﬁ@iﬁ ar for
arnmoured vehicles. 5 In wheel ed arnoured vehicles the space claimof the
suspensi on systemis 'a critical factor when seeking to nmaxim se the

usabl e interior volunme of the vehicle. Typically a wheel well
I ncorporating the suspension systen1§na Wheel - is built into the vehicle and
this intrudes into the interior space of the vehicle reducing the interior

vol ume and 10 causing an o cti.on. The suspension assenbly is nounted.
o the oi'de val T of The  hun e ARR PRI HERERA « e hull sl de wal |
Further, in conventional suspension systens.spring nounts, bunp and
rebound st op$p@RGefEan ' ynted.on the hull of the
vehicle as se‘B%r at e e_ferg%grﬁ é@ﬁﬂé&r%&éﬁ %ﬁ%‘éﬁ%’%@ﬁf‘s&m"%&ﬁ@ﬁr{?@ of these
| ocati ons on@RBrEAYENicHso maintain the correct relationship of the 15
various suspension elenents to each other. This presents problens in the
manuf act ure ﬁf su vehiﬁg eeg, The present invention is directed towards
over coni ng t e"!'?e%' 5351’%’ Vepigiet thejspaceclaipjof the syrPantien prsieseisia gifiseknt i on to
provi de a sulfienshenrseshimtte makiiselthaisabib inferiof RAMEAS tHeBhibE! Tybkia@y of the
suspensi on ' . aroured hul | thus .. I.m si ng usabl e internal
space in the ye_ﬁl c'ﬁré_. ]é{gé%ﬁ_grs]gsgeﬁml E'Htaf‘éWHeﬂgrl;@é'ﬁ?meﬁ’ higlg aiche.
i nvent i on t HBiedtudesintpythel daterier apata o thesvehiiervstiuingatbs intdiby vdlumie ami  ar mour ed
vehi cl €10l NCdaliglhg gh obairddBR Ofile dub@MBion a88mbly is mounted.on the side wall of the

hull between the wheel and the hull side wall. Further, in conventional suspension

systems spring mounts, bump and rebound stops and control arms are typically

mounted on the hull of the vehicle as separate elements thus requiting accurate

positioning of these locations on the hull fo maintain the comect relafionship of the

15  various suspension elements fo each other. This presents problems in . the
manufacture of such vehicles.

The present invention is directed towards overcoming these problems.
20 It is an object of the present invention to provide a suspension system which greatly
reduces the infrusion of the suspension elements into the armoured hull thus

maximising usabls intemal space in the vehicle.

Statements of Invention

25
According to the invention there is provided a modular suspension assembly for an
armoured vehicle, including: '
a support frame,
30

a pair of suspension units mouhted on the support frame, namely a leading
am suspension unit and a trailing armm suspension unit,

each suspension unit including a suspension am having an outer end and an .




a pair of suspension units mounted on the support frarre:2 anel %iading
arm suspension unit and a trailing arm suspensi on unit,> Aty §§% i on
unit including a suspension arm having an outer end and an 29 Novenber 2006
2 inner end, said outer end having nmeans for connection to a wheel or track
support, 5 said inner end being pivotally nmounted on the support franme and
connected to a spring neans on the support.franme which opposes pivotal
novenent of the suspension armaway froma neutral position, the
suspensi on arns bein jvotal in a comon vertical plane, . 10 the support
frame having nDunﬂWﬁ%@ﬁEans for securing the support frame to a bottom of
a vehicle hull upon which the nodul ar suspension assenbly is to be

nounted. 15 In a Qgr i cul B%ﬁwfreferred enbodi ment  the assenbly forns a

t C
modul e having a séaled= MR onegnRFion o Whaekef teeksuRPAt ng and | ever
armare nounted, the |l ever arm being connected to the suspension armby a
pi vot shakt which Qpye %Qﬁqﬂ soci at ed qpeni ng in j de wal | of
t he housing, a seasF @ggﬁ%ﬁ%ﬂégg M oggﬁﬁuﬂ@ﬁ?%gﬁﬁpgﬁ{@e%ﬁi t to seal
bet ween 't he housi RFPHIIMEaRE o8 fhef upp®t framewiichpposesbivolalmesvemetiief theusi ng has

means for reacti ngugyémrpdﬁqaﬁ,g_p@mgﬂg&ra #iogM thin the housing. In a
further enbodinent the | ever armhas a 'r:lgo%o%r'\d stop which is engagabl e
agai nst ~ 25 an inner side wag of the housing. In another enbodi nent a

bearing i s mount ethelsaspsnsion dnns beiny pingal RPN deredl pieer  side wall of the
housing {@ transmt bunp fornms to the housing.

the support frame having mounting means for securing the support frame to-a
bottorn of a vehicle hulf upon which the modular suspension assembly is to be
motinted. ' '

15 In a particularly preferred embodiment the assembly forms a module having a sealed
support housing within which the spring and lever amn-are mounted, the lever am
being connecled to the suspension am by a pivot shaft which projects through an
associated opening in a side wall of the housing, a seal being mounted in said opening
abaut the shaft to seal between the housing and the shaft.

20 '

In another embodiment the housing has means for reacting bump and rebound forces
within the housing.

In & further embodiment the lever am has a rebound stop which is engagable against
25  aninner side wall of the housing.

In another embodiment a bearing is mounted between the spring means and an inner
side wall of the housing to transmit bump forces to the housing.

30 In a particularly prefemred embodiment the suspension assembly includes a pair of in-
line suspension ams, namely a forward suspension am and a rearward suspension
am, the spring means for the ams being supported in a horizontal juxtaposed
position. Preferably the spring means and the fever anns associated with each of the
suspension amms are mounted in a common housing. o




30 In a particularly preferred enbodi nent the suspension assenbly includes
a pair of in- fine suspension arns, nanely a forward s&?ﬁ&N§W8WTéW¥iand a
rearward suspension arm the spring neans for the arns being supported in
a horizontal juxtaposed position. Preferably the spring neans and the

| ever arnms associated with each of the suspension arns are nmounted in a
common housi ng. 29 Novenber 2006 3 Vai-ous other enbodi nents are as
described in the clains given at the end of this patent specification. The
invention will be nore clearly understood by the follow ng description of
sonme 5 enbod¥afewr etherfambedifments wenabylesayeddh trexdimd sivanndtithe whd bf fhf er ence to
. the acconpaq%hﬁgﬂﬂﬁﬁﬁ&ﬂgs, in which; Fig. | |Is a perspective view of a
trailing armsuspension assenbly according to the invention; 10 Fig. 2 is
an end el evational view of the assenbly; Fig. 3 is a sectional elevational

vi ew taken alTregnichonlwinge wble Hédry Und&risBiod By the'iBlo de%ﬁbﬁﬁonaof vi ew of
the assenply; FEig S'Fi a sectiaognal view taken al og%vt e l1ne -V of Fig.
4: - Fig. is""ﬁ’oglg%? JHe[Pofy BUED (BYKWRY A ompmpiee only.nwithyireforenes g e 4. 20
Fig.- 7 is an astammsbyingtrwingsdewbibh;t-he assenbly; Fig. 8 is a sectional view
taken along the fire VIII-VIII of Fg. 7; 25 Figs. 9 to 11 are detail
sectional views of portion of the assenbly; Fig. 12 is an elevation view
of the assenbly cHBr\$ aperapegivevisiv ofadsling anfisgspedsniasseamwiyend el evat i onal

vi ew showi ng a pagdeorghg o'k igven@ap! i €s in position 30 for connection to a
vehicl e Poody; '
Fig. 2 is an end elevational view of the assembly;
Fig. 3 is a sectional elevational view taken along the fine II-III of Fig. 2;
15 Fig. 4 is a plan view of the assembly;

Fig. 5 is a sectional view taken along the fine V-V of Fig. 4;

Fig. 6 is a sactional view taken along the line VI-VI of Fig. 4;

20
Fig. 7 is an elevational view of the assembly;
Fig. 8 is a sectional view taken along the line VIL-VII of Fig. 7;
B 25 F‘ig& 9.10 11 are detail sectional views of portion of the assembly;
Fig. 12 is an elevation view of the assembly mﬁng a pair of wheels;
Fig. 13 is an end elevational view showing a pair of the assemblies in position
| 30 for connection to a vehicle body;

| Fig. 14 is a plan view of the pair of assemblies shown in Fig. 13;

Fig. 15 is a detail plan view of portion of the assembly;




Fig. 14 is a plan view of the pair of assenblies shown jn Fig. 1 Fig, 15
is-a detail plan view of portion of the assenbly, 29 I\Ioé/dgwﬁ%‘?n%g%% 4 Fig.
16 is a perspective view show ng a vehicle |ayout incorporating the
suspensi on assenbly of the invention; and Figs. 17 to 33 show suspensi on
assenbl i es according to various different 5 enbodinments of the invention.
Referring to the drawings there is iltustrated a trailing arm suspension
assenbly according to the invention indicated generally by the reference
nuneral 1. The assenbly 1 is in this case in the formof a tw wheel
station nodul e. | tFigi1§ sz p&@p@p\p?r dew athevlin Guestinle tahatt iscogbrgiceiheheel

stati on nodul e CO@U%I&%S@{%&!;? ﬂ¥e| 3tu5?1r9rYd ded. A pair of suspension arms,
an

~nanmely a forward . suspension a a'rear suspension arm3 are
pivotally mounted on a housing 4 containing spring neans 5, 6 associ ated

with each of the augsi 37 % 38 sh@ﬁ@@ﬁd’ehéi&{ )ﬁssem%@oé&&ﬁbﬁb%é?ﬂusa&ﬁé@nt 3 has an

outer end 8 upon which are unt ed wheel hub assenbles 9. In
i Ilustrat@d 15 enﬁWﬁ?ﬁs?h@W@@“ hubs 9 are non-steering. It will be

appr eci at ed however that in other enbodinents neans may be pr ovi ded for

steering the guibs a h suspensi on .ant
connected by a pl v‘ot @E lﬁmiéf %Q@h%g’husg%ggé g, aFrg\;g§peng9r}T1ais§an%unt ed
wi thin the h@§sIHge & teninvgiben indisetod fgenérallyl lyy e mﬁm@numeraiohnabeed to a

spring el emerksemibhcl id & &3l %ﬁg 4 ext ends
20 bet wefg t he Ie.vlﬁr arm 12&;%\@?&&@&%# Q%D?Ihgﬁ ousI n V@a@% pi vot

shaft 11 as?@%’e?'ﬁ‘ﬁ%dﬁﬂe‘ﬂ Behisngs whgpl \m‘“bfc‘-‘tuWea iahgbd. . A seal
i s mount ed i movded Amahom:sﬁémui aﬁrﬁ?n@lﬁiéfoﬂarﬂ Susp@tfonRfth peadakde housing 4

?280523 stS ggfs&sé:'&? an up%% étﬁ% n}eﬁé’" s hlusing 4 gm%mv'\!'s’ts%"ggnm&‘erglsl el
ssociated with each of the amms 2, 3 respectively . Each suspension am 2, 3 has an
outer end 8 upon which are mounted whee! hub assemblies 9. In the illustrated
15  embodiment the whee! hubs @ are non-steering. it will be appreciated however that in
other embodiments means may be provided for steering the hubs 8. An inner end 10
of each suspension am 2, 3 is connected by a pivot shaft 11 with an associated lever
arm 12 miounted within the housing 4. An upper end of the lever am 12 is connected
fo a spring eloment which in this case comprises a hydrostrut 14 which extends
20  between the lever amm 12 and a side wall of the housing 4.

Each pivot shaft 11 passes through an opening in a side wall of the housing 4. A seal

is mounited in said opening about the shaft 11 1o seal belween the housing 4 and the
shaft 11.

25
The lever armm 12 is provided with an resilient rebound stop 16 atan upper end of the
lever anm 12. This rebound stop 16 is engagable against an associated striking plate
17 on an inside face of a side wall of the housing 4. A bearing 18 is mounied betwean
the upper end of the lever arm 12 and an inner end 19 of the hydrostrut 14. A second
30  bearing 20 is mounted between an outer end 21 of the hydrostrut 14 and an inner ssde
wall of the housing 4 to fransmit burmp forces to the housing 4.

It will be noted that a pivot axis X about which each suspension amm 2, 3 rolates lies
beneath the fine of action Y of the hydrostrut 14 spring means. |




| ever arm 12. This rebound stop 16 is engagabl e agai nst 3@ ted
striking plate 17 on an inside face of a side wag of A CONN %
bearing 18 is nounted between the upper end of the |ever arn112 and an

i nner end 19 of the hydrostrut 14. A second 30 bearing 20 Is nounted
between an outer end 21 of the hydrostrut 14 and an inner side wan of the
housing 4 to transnit bunp forces to tB®ehousing 4. It will be noted that a
pi vot axi's X about which each suspension arm2, 3 rotates |lies beneath the
fine of action Y of the hydrostrut 14 spring neans. 29 Novenber 2006 - 5
it will also be noted that the pivot shaft 11, lever arm 12 and hydrostrut

assenbl i es asmaelsamedmtwtﬂlimmcdwwéhd&hﬂ I%Ué'%'ﬁsl’z%d%&ﬁsh%i %ségﬁﬁfétsm)gm ig
rostruts

side by side \nglgaged owﬁ ts ct configuration,
are supported SUBsTEEn L QF'I "P{b?'mfc?mt?'aﬁ’e Siouatad a'tj‘? Bhs'd‘P whiche
illustrated my@&s&mnpactmnﬁgnam ‘EHedyaotiruitss14ard ¥oipoadd T b sldtdptidily | N

alternatiye paphadin ,g,‘qvarl ous other spring nedia such as coil spring,
rubber or  any suitab “el astic nmedium may be used. The mechani cal rebound

stop 16 reacts all the rebound 10 forces directly on the housing 4 and

| i kewi se al | & e ISR ShRimeRUHAP « ?‘fhﬁ%@f@a'@@%ﬁq ol lﬁgﬁér],%w%nt o the

housi ng 4 thro t he second . bear ween rostrut 14

and the housf® merfi Vafiols oersping §uohigas ool saﬁqgowbﬁf\%?ﬂ’w@%venent at
each end of elaalchgmkhmsmayﬁe usdd. THe rhdchinical reb&dﬂ‘&dﬁqstréhﬁsailﬁ{é rERRA et e

assenbl y St ain hou5|ng and so are
pr ot ect ec?of rom ﬁlr}'g?&?rug’ 'F%"@hiaﬁmﬁl? agl sﬂ?ef‘ﬂ‘é‘ burps fB98195% and i ts
force react i Bacled dimstiy @iodh@hwmpﬂdhmugh ﬂ:elsetamdfbdamgmbmmumbebeml ng 4 the
requirement far e ogaki on of

qui fne hyﬂﬁ@ﬂh”lh%d%e h&%mén‘bsw ‘KH}'J? bg%"éla?ﬁq?' & @I

I ndi vi dual el errent sus ensi emo g1 ]y ted. 20
Hori zont al nDf Pﬁ%hﬁj'é Ydﬁ?@B‘cﬁl"&ed on the housing 4 corrprl sing an
I nner

15 K will be noted that the complete assembly of moving parts are contained within the
housing 4 and so are protected from dust, mud and’ mechanical impact. As the
suspension and fis force reaction elements are completely contained within the
housing 4 the requirement for machining of the vehicle hull or accurate location of

~ individual efements of a suepension systern of the hult is climinated.

20 , '

' Horizontal mounting flanges are provided on the housing 4 comprising an inner
mounting flange 30 and an outer mounting flange 31, The outer mounting flange 31
“has a central pivot hole 32 on efther side of which mounting slots 33 are provided.
These mounting slots 33 are somewhat elongated and are for reception of undersize
25  mounting bolts for aftachment of the assembly 1 fo an underside of a vehicle allowing
some adjustment in a horizontal plane. The inner mounting flange 30 has a number of
mounting slots 34 which are elongated and amanged on a radius relative to the pivot
hole 32. Thus the pivot hole 32 can be engaged with.a spiggot or pivot pin on the
underside of the vehicle and the whole assembly can be pivoted about the pivot pin
30  swinging about a verfical axis through the pivot pin for corect alignment of the
- assembly 1 on the vehicle body. Once in alignment mounting bolts engage through
the slots 33, 34 to securely bolt the assembly 1 in position on the vehicle body.

it will be appreciatgd that the invention provides a suspension assembly of compact




mounting flange 30 and an outer nmounting flange 31. The Oﬂﬁ ﬁg{)}){#
flange 31 has a central pivot hole 32 on either si de ot e I ng
slots 33 are provided. These nounting slots 33 are sonewhat el ongated and
are for reception of undersize 25 nounting bolts for attachnment of the
assenbly 1 to an underside of a vehicle allowng sone adjustnent in a

hori zontal plane. The inner mounting flénrge 30 has a nunber of nounting
slots 34 which are elongated and arranged on a radius relative to the pivot
hol e 32. Thus the pivot hole 32 can be engaged with ,a spiggot or pivot pin
on the under®pgeicn wieh saahbecmeurdert ta dre udecdide &afst&senéﬂ@e ipaminiosepéry ot ed

about the bl @i Wl A8 Rinedy HELAE TR NI OMIeL e Pi Vot Pi

for correct alignhnent of asse ein
al i gnment no fogft g ?@“é’i‘id@ﬁg‘@hlcfﬁhﬁdgﬁnd fequirasonit ape IR UNRY Pptnt eetherel y bol t

the assenbly stmburediasi 1Al eﬂh@mtd‘rcbﬁnétféalrﬁdvﬁt lé%ﬁiénts'ahd B\éahﬁgs%‘e epRdiegl ated t hat
conpact Novenber 2006 -

t he |nvent:| on,.pL.avi des,a sus n asse I

6 constrict R’Sﬁ"‘ %@ﬁag 28 %‘&P‘%"E?aa"ﬁ %&@r@%‘%@eﬁ!ﬁ%wmm e to

mi ni ni se or aéﬁﬂmhM(aWBiemmmlﬂmmfbmhmstbﬂaﬂﬂdﬁélﬁundmops%ﬂimdﬁouﬁﬁgﬁsvehl cle.
The nodul ar aeseRRlH fl 0 on t he body and
require only one m)untl Elgf'xos?]}&)]teh Eﬁ“ﬁ%ﬁﬁfﬁ Wlbe °Kr't?/e?’g’f° ﬁ

i nt er connect SAUSAST ﬁ’ﬁj"‘%q e‘h’éﬁ?‘@ﬂ@ﬁ@t@éwmwnaﬂ@mm aim2 dses betweenn a seal ed

~ housi ng. Al Sthe ifer eid'0 SiamateRE ¢ ARAME {3685 it he
assenbl Yy V\hgg@rff»hei j.ncl u5| on of bunp stops arﬁéﬁgﬁﬁ%?g@ti%g@gw hin the
housi ng 1% 1Y ripq and MWW'@W&Q“PH’%‘%W configurations these may

be omtted fromthe housing if desired. It is advantageous that the front

'suspensi on a r t he _inner 10 _an er end 8. Wen the
vehi cl e hi ts&gmﬁ)ﬁ do@%@ﬁ%ﬁ?%@#ﬁ'&'ﬁﬁwﬁf&hmgé 998 e and nove
r ear war ds refqré%'?’%ofWPMéomebumwmbl@sﬁmm so that the conpact

arrangenent of the assenbly I al lows clearance for delivery of a drive
nblies 9 if required. 15 Wth the twi n suspensi on armm

haft t
ar ?ange nt Y\FIHB’%‘? f‘"&‘feé UFPERRON SIS AuRagesRenk ustrsted dheaispension has zero et

average torque applied to the hull mounting because the suspension anms. produce
- opposite and on average equal torques. |

Regarding the provision of a drive for the wheels this can be done in a number of

20  different ways. For example a drive train may be fed through the suspension am.
Altemnatively an electric motor could be provided in the hub and cabling and a cooling
system delivered through the suspension am through the electric motor.

Figs. 16 to 33 show various other embodiments of the invention and parts simiar to
25  those described previously are assigned the same reference numerals in these
drawings.

Referring to Fig. 16 there is shown a vehicle 50 incorporating two of the suspension

assemblies 1 described previously. In this layout the platform is an eight by eight

30 wheeled configuration with conventional Ackerman type steering on the front four

‘wheels 52 which in this case are located by a double wishbone suspension 53. Two

pairs of rear wheels 55 are mounted on a hulf 56 of the vehicle 50 by means of the
suspension assemblies 1 which are bolted fo the bottom of the hull 56.




average. torque applied to the hull nounting because t uspensjon arns.
produce opposite and on average equal torques. Regardgﬁﬁﬁ?W%F Ff0si on of
a drive for the wheels this can be done in a nunber of 20 different ways.
For exanple a drive train nay be fed through the suspensi on ann.
Alternatively an electric notor could be provided in the hub and cabling
~and a cooling systemdelivered throagh the suspension amthrough the
electric notor. Figs. 16 to 33 show various other enbodi ments of the
i nvention angpgi§ts simlar to 25 those described previously are assigned
o

the sane ref SNHGrRYTIEE whpels RS dich A dhiven &y crrveelionsl ppntafs 86 16 there
ij s shO\t/)mda v ebrinettia g&ﬂeimb@rl?pdifelaﬂyi mamm%mlsm]@n@wwn@m& nﬁcﬁ%@ﬁ@' i eﬁ 1
escri bed preyi Ve LDt Hi s out the. ormis, an eight by eight 30
wheel ed conf ﬁé%e&%? #‘o"ﬁe \'ﬂ"?rhar@f}?ﬂr\f@ﬁ? %&%Ye(?'ﬁ%xe ?"9?)@6}@?%@%? W“é’h the front
four wheel s sotphCEhotkupeii AB3ase are | ocated by a doubl e wi shbone

suspensi af) 53. Two pairs of rear wheels 55 are nounted on a hull 56 of the

vehicl e 50 by nmeans of the suspension assenblies 1 which are bolted to the
bot t om of t h8ekENg tsg. thaniswenidbve arangement. FThe drivd isslaoiad frbmarsinglear  wheel s

55 whi ch ar edifigrntialo BYpRBAYR MiERRad i ﬁmége RWRest & Reddre hubs 9
directly to %er e%t ?églﬂgo 57 V\%gi?ith gﬁ%ﬁg‘é m fsnﬁllﬁ?ps %‘%\%ﬂath t he
i nner  ar mour TFUELTE SPsPERRion AmmiUMe! byg shaf And Bpwn the puspeNSEREAN HAMY A r act i on

control, CTI pretisiark bigh gredoraBSce MvEekicnoth N@ai Odrive GndickRdagenbRiya by | ve

arrange%nt.m%%cg,q',%g lgg carried froma single differential to a splitter
box integrated to +1e sggpension nodule fromwhich it is carried through

t he suspension armjournal by a shaft and down the suspension arm 2, 3 by a

preci sion hifds. PeEAPSTRRRMValiENSUdoRE dfi UrbndehRhR sdl'usy Grrl AT SsgbRghoeneral Iy
by the 10 re er%nc$ nyneral . 60. . e :

assemblies’ T an in-arm driveline with a single differential per four wheet bogie lends -

itself very well to the incomporation of electric drive with efther a single motor 63 as

15 Husirated in Fig. 18, two motors 64 as illustrated in-Fig. 20 or four motors.

Referming now to Figs. 21 to 23 an amangement of the suspension assembly for a. .
tracked vehicle is shown, indicated generally by the reference numeral 60. In this:
suspension assembly 60 a rocking beam 61 Is mounted at an outer end of each

20  suspensionarm2, 3. A centre 62 of each racking beam 61 is pivotally mounted on the
suspension amm 2, 3 by a pivot pin 64 for pivotal movement about a horizontal pivot
axis. Bushings 65 at each end of the rocking beam 61 receive pivot shafts 66 carrying
pairs of wheels 67 for engaging and supporting a track 68 on the vehicle 69.

25  Refering now fo Figs. 24 to 30 there is shown another variation in this case for a
hybridised trackiwhee! design. This Is similar to the suspension assembly 60
described with reference to Figs. 21 to 23. In this case howesver there is additionally a
wheel support hub 70 mounted co-awally with the pivot pins of the rocking beams 61.
The whee! hubs 70 carry wheels 71 as shown in Figs. 26 and 27 which extend below

30  the track 88. The track wheels 67 are sized. so that the track 68 is some distance

- above the ground contact point of the road wheels 74. All road wheels 71 are fitted
with in-hub motors and directional confrol is by skid steering. When the vehicle 75 is
operating on firm ground it functions as a wheeled vehicle with all the advantages in
here and in this — high speed, strategic mobliity, low running costs. When the vehicle




Figs. 19 and 20 show various electric drive arrangenentg for use.wth the
suspension assenblies 1 an in-armdriveline with a si I%pﬁTﬁ?E? i al per
-four wheel bogie tends itself very well to the incorporation of electric
drive with either a single notor 63 as 15 illustrated in Fig. 19, two
notors 64 as illustrated in Fig. 20 or four notors. Referring now to Figs.
21 to 23 an arrangenent of the suspensBon assenbly for a tracked vehicle
is shown, indicated generally by the reference nuneral 60. In this

suspensi on assenbly 60 a rocking beam 61 is nounted at an outer end of each

20 suspensi oﬁ“ﬁﬁﬁ%?’%ﬁf’-%ﬁf@dwemﬂf@mmmﬂgt&bwit'siﬁlﬂs_dr@t#né votal ly

nmount ed on t lracks B8NP it oS, With suatYcohtr) 'a}éghyﬂ%@ﬁp&ngr&ro{ ﬁ% ﬁ%} novenment
end o €

2 recei ve priparsck Al i Seirmatai gnogsanben fhevireand dess ddhe Ry ng and
supporting asensadkR6& wieet tiive wiltbierhant@ifed aid thekRkive BlorD@ILE Bptivialls. 24 to 30
desi gn. Thi o Truoigh BEved? beflac ol Wik T8 Sufies ool GRS i
ref er ence -t oBfayse theropdwhels am nohiegquicdde phuide er flobfatirearidssoftdetiaid onal 1y a
boams o1 repeily dmE Ragfa S oflidad kel y il oot el adf1® 1077 10
whi ch ext end I"W%GW‘F?‘&E‘E%?“W@W@AWEMC@W efite vdiegled so t hat

the back 68 iSimindyyes tevtaraen: nobRaMRdidSHH@EEE BRkaF R lothe he road
d with in-hub nmotors an

wheel s ) wheels 71 are fitt

directi gﬁm A%%%“E%%%S% Oﬁya ﬂ?&%&h%?%‘gi’e'\ﬁ?ew? e ipek stugyyrg and oper at i ng
on firm groufeighttcan hecsigniiaantin sedacathcmbexbdvieha abmalirdck. adldo, shee g@dvant ages in
here and in ek | A Il |l oW _r unni costs. Wen
the vehicle 29 m?ﬁ%ﬂﬁ?ﬁ%%@@ﬂma@éﬂ%?%%@ﬁo&%%ﬁh?m%ﬁ, @?glggﬁs t he
floatation CHPHRE FFoRsr thanwould be eequired agiafraskeshvehitiet he tracks 68 take up the

| oad. Wth suitable control algorhythns for control of the notors the
track 155" s detnd Bl b RER: 5F by 2 BHRL1< 5oMR PR Ut PRETBYacK | ve
effort will isdicatgsk genafally by the reference numeral 80. In this case the lever amn 12 is
connecied at its upper end to the hydmostut 6 by means of a fork and trunnion
connector indicated generally by the reference numeral 82. The other end of the
hydrostrut 6 is mounted on the wall of the housing 4 by an elastomeric flexible
20 mounting 84. The connector 82 is formed by laterally projeciing trunnion pins 85 on
the hydrostrut 6 which are rotatably journalied in associated bearing holes 87 in forked
arms 88 at an upper end of the lever arm 12. This consfruction advantageously allows
the length of the housing to be reduced providing a more compact modular
construction for the suspension assembly 80,
25
Referring now to Fig. 33 thers Is shown an amangement whereby a pair of the
suspension assemblies 1 are each mounted in a bogie arrangement for swivelling
about a vertical axis on the underside of the vehicle hull. Each wheel 90 is pivotally
mounted on the suspension amms 2, 3 at 91. A steering amm 92 mounted on the whee!
30  sub axie is pivotally joined fo a fixed point 93 by means of a drag link 84. When the
bogies are rotated the wheels 90 are rotated relative to me'bogies with the geometry
suitably adjusted by the relative positioning of the steering arm 92 pivots and the drag
fink 94 anchorage points to give the required steering geometry. |




5 distributed between the tracks and the wheels to maxi Fie hg)y in al
terrains. Because the road wheels are not required to%? ik

floatation and soft terrain capability normally required of off-nad
wheel ed vehicles simlar, lighter wheels and tyres may be used reducing

t he wei ght and space (especially with) claimof the wheels. Simlarly, as
the tracks are not required to operate®n hard, broken terrain to the sane
10. extent as those on a conventional tracked vehicle would be the track
structure anq %ﬁgght can be significantly reduced conpared to a norna
track. Al so, &f prrngempd e dragdink BRvnting peiat 93imayibe pexded withagneansat at i on

and tracti on to altesitf fosgsrsubitihatioelhtiva fleFemdtihir thewia! Jooma bbdidaccorul d be
required on a tracked vehicle. 15 Referring nowto Figs. 31 and 32 there is
shown ‘anot her. suspensi on assenbly indicated generally by the reference
numer al 80. Whoghkitecioad 85 & pevidedisstweenihelbbgles. connected at its upper end to
the. hydrostrut 6 by neans of a fork and trunnion connector indicated
generally by the reference nuneral 82. The other end of, the hydrostnt 6
“is nounted on the wall of the housing 4 by an el astoneric flexible 20 '

Tount g 84. TR RUGABRB OISR e LAEHRHr IR dotoBEALAER hagpb UND! 01

pi ns 86 on dr ost r.ut whi ch are rotatabl oumal I'n associated -
beari ng hol egar%g W@PW“&‘ME@Q’“@P‘%WB% %P@e'@?dﬁ'ﬁ'é’sl ever armi12.
This construction advantageously allows the Iength of the housing to be
reduced qproviding a nore conpact nodular construction forthe suspension
assenbly 80. 25 Referring nowto Fig. 33 there is shown an arrangenent
whereby a pair of the suspension assenblies 1 are each nounted in a bogie
arrangenent for swivelling about a vertical axis on the underside of the.
vehicle hull. Each wheel 90 is pivotally nounted on the suspensi on arms 2,
3 at 91. A steering arm 92 nounted on the wheel 30 sub axle is pivotally
joined to a faced point 93 by nmeans of a drag |ink 94. Wen the bogies are
rot at ed,the wheels 90 are rotated relative to the bogies with the geonetry
sui tabl y adjusted by the relative positioning of the steering arm 92 pivots
and the drag

20

25

- 30




I nk 94 anchorage points to give the required steering try. Novenber
2006 - 9 In.another arrangenent the drag rink nounti?r)golg%‘feﬂig% y be
provided with a neans to after its position such that no relative novenent
of the wheel 90 and bogi e occurs. A bogie track rod 95 is provided between
the bogies. 5 The invention is not |limted to the enbodi nents hereinbefore
descri bed which naybe warted In both construction and detail within the
scope of the appended clainms: 10 151®0 25 30 -- ----- -------- 29
Novenber 2006 10 A nodul ar suspension assenbly for an arnoured vehicle,
including: a support frame, a pair of suspension units nmounted on the
suppoft frAmeMod¥AR| Pushensigdi Atpembn sRfpeRRi oarmanied amehicle.t r imcluiling: ar m
suspensi on unit, each suspension unit including a suspension arm having an
outer end and an inner eﬂq, sai d outer end having neans for connection to
a wheel or track supP8YRPP"@H€ i nner end being pivotally nounted on the
support franme and connected to a spring neans on the support frane which

ggg?fieg npl votal rmovg r&ntofoguséa%io%ugrﬁtgnr%l?nrt]eaa o tﬁe\/\%}fpgorrto%rﬁe,nﬁa%erlf Ia
leading arm suspension unit and a trailing arm suspension unit,

- each suspension unit including a suspension arm having an outer end
and an inner end,

said outer end having means for connection to a wheel or track support,

said inner end being pivotally mounted on the support frame and
connected to a spring means on the support frame which opposes pivotal
movement of the suspension arm away from a neutral position,

the suspension arms being pivotal in a common vertical plane,

the support frame having mounting means for securing the support frame
to a bottom of a vehicle hull upon which the modular suspension
assembly is to be mounted.

2. A suspension assembly as claimed in claim 1 wherein the mounting means is adjustable
to allow pivoting of the support frame about a vertical axis to facilitate correct alignment
of the suspension arms on the vehicle hull.

3. A suspension assembly as claimed in claim 2 wherein the mounting means comprises a
pair of spaced-apart horizontal mounting flanges on the support frame having vertical
through holes for reception of associated mounting bolts to secure the mounting frame to
the bottom of the vehicle hull.




- the suspension arns being pivotal in a common verti cal é% ne support
frame having nounting neans for securing the support fr %8 t om of

a vehicle hull upon which the nodul ar suspension assenbly is to be

nount ed. 2. A suspension assenbly as clainmed in claim1 wherein the

nmounting neans is adjustable to allow pivoting of the support frane about

a vertical axis to facilitate correct ﬁblgnnent of the suspension arns on

the vehicle hull. 3. A suspension assé 31y as clained in claim2 wherein

t he nounting neans conprises a pair of spaced- apart hori zontal nounting

flanggs onatdyg &Qﬂﬂoéstselfnﬁr?r@s g\QIWeQQn c?d’lri‘l'f @Jhere h%uﬁl ougﬂlh%%s l%!ﬁéee eption

of associ ate m)unt I ng bo 0 secure ot t om of
t he vehi cl @rcHiar Plvotz@l@\lts\/@wbﬂaangg@meecwtlou\otasqn@hmnmda@slgrﬂbtwa@@ngatau med in

cl ai m 3 whgss) é‘ioh@%xn%%@ﬂ&hslm%lﬁé oh M éit@ﬁm?ér&ic@cdf”aacf rcl?'h‘éQihg ho E@ntn‘e tone

flange for_reception of a pivol pin and a plurality of elongate ots, a

| ong axis BFPESI'S| ot 1ying on the circunference of a circle haV| ng its
centre at the pivot hole. 5. A suspension assenbly as clainmed in claiml
wherei.n a pivot axis ab ch each . suspension._arm ro ate I es, beneath
the I Pne df Siondih Speikl o defte Rk ™ BRERA.E 28810 Abdlk i o

cl ai med i rsuspatisionl avver wmitates héess pberegthrethes ifner dfheactisnis péndieonsmings ar e
mount ed onuthe support frame in a substantially horizontal side by side
orientation. 7. A suspension assenbly as clained in claim1l wherein the

I nner end of each suspension armis connected to a lever armwhich in turn

acts @n t he sagidnsien r'@s@.@;%blysas efampﬁnabﬂn 12GREEN mea§prﬁ.'gah1@§ﬁ’s kd? héai m7
wherein the support frane has, a seal ed housing within which the | ever arns

~and spri ngUiRRIRE" 2883 EreaPente ?’hthf:‘WEPP%UE%‘%@%?Pbﬁﬁaﬁ*éa"é’uhé"%tﬂh?'é%lby each
| ever ar msiidignafisinect ed to the suspension arm

7. A suspension assembly as claimed in claim 1 wherein the inner end of each
suspension arm is connected to a lever arm which in turn acts on the spring means.

8. A suspension assembly as claimed in claim 7 wherein the support frame has
a sealed housing within which the lever arms and spring means associated with  the
suspension arms are mounted, each lever arm being connected to the suspension arm
by a pivot shaft which projects outwardly through a complementary opening in a side
wall of the housing, a seal being mounted in said opening about the shaft to seal
between the housing and the shaft.

9. A suspension assembly as claimed in claim 1 wherein each suspension arm inclines
upwardly from the inner end to the outer end of the suspension arm.

10. A suspension assembly as claimed in claim 9 wherein the suspension arm of
the leading arm suspension unit has its outer end located forwardly of its inner end, and
the suspension arm of the trailing arm suspension unit has its outer end located
rearwardly of its inner end.

11. A suspension assembly as claimed in claim 1 wherein means is provided at the
outer end of each suspension amm for demountably securing a wheel or track support at
said outer end.




by a pivot shaft which projects outwardly through a cogﬁégnen ary_openi ng
in a side wall of the housing, a seal being nounted i ‘W@ngﬁéxq g about
the shaft to seal between the housing and the shaft. 9. A suspension
assenbly as clainmed in claim1l wherein each suspension arminclines
upwardly fromthe inner end to the outer end of the suspension arm 10. A
suspension assenbly as clained in clgim9 wherein the suspension arm of

t he | eadi ng arm suspension unit has 1tS outer end |ocated forwardly of its
i nner end, and the suspension armof the trailing arm suspension unit has

its oufser @nd,dRRALEDssd r foits.in g L A S nsiQn
assenbly as cLII zgarred i rﬁs cnl‘ﬂg)lF \nlilﬁlgl\%me%ei'rln Crﬁaérjrénge‘ixmse(?%got\f}l dsen(rjm%tr‘ﬁ?%ﬁs ?So%t er end
of each suB%?%ﬁ“bn arm for denountably securing a wheel or track support at
said outer end. 29 Novenber 2006 -12 12. A suspension assenbly as cl ai ned

in clngi m 1Awherei n the spring neans is a hydrostrut. 13. A suspension
‘asse Py a8 TfSRPRRGN iaﬁse(@ﬁ’&l 198iRd B flahd2i whereinethg e g% ofseaSBensi on
armis consiespessiort @mds bennetted tona WeCHm WhithihAuAGES odfhd §RingMidang, dRans, and

swi vel con nted at each e f the drostrut for cgnnection
ot ween. ¢ nigl 3ot JRNRLFRAS s the Batodfu Wnsonnestn bepret B a
suspensi onhygsesiang thessuplpait frande iand thedever a8nwherein a fork and trunnion
connector is provided between the |ever armand the hydrostrut 15. A
suspension assenbly as clainmed in claim13 or 14 wherein an el astoneric

f1 exi bfe ndaHIPENgohrssEMAY @SSRt cldie 13ywhasein alerk and trubriors conmertor ir ane.

16. A suspeovdsibedssthé bvaansladl WRchydfbsgl@l m 13 wherein swivel bearings
are -provided between each end of thé hydrostrut and the support franme and

the lever arm ‘
15. A suspension assembly as claimed in claim 13 or 14 wherein an elastomeric

flexible mount is provided between the hydrostrut and the support frame.

16. A suspension assembly as claimed in claim 13 wherein swivel bearings are
provided between each end of the hydrostrut and the support frame and the
lever arm.

17. A suspension assembly as claimed in claim 1 wherein a rocking beam is mounted at an

- outer end of each suspension arm, a centre of the rocking beam being pivotally mounted

on the suspension arm by a pivot pin extending between the beam and the suspension

arm for pivotal movement about a horizontal pivot axis, a wheel or track support being
mounted at each end of the rocking beam.

18. A suspension assembly as claimed in claim 17 wherein track supports are
-mounted at each end of the rocking beam and a wheel support is mounted co-
axially with the pivot pin on the rocking beam or suspension arm.

19. A suspension assembly as claimed in claim 1 wherein the éupport frame forms
a bogie with means for pivotally mounting the bogie on the bottom of the
vehicle hull, the bogie having means for connection to a steering system of the
vehicle for controlled pivoting of the bogie in response to a steering command from the
steering system. | |




17. A suspension assenbly as clained in claim11 wherei rocl%rff g(ggan1is
nounted at an outer end of each suspension arm a cent ?ﬁmQ £29%cki ng
beam bei ng pivotally nmounted on the suspension armby a pivot pin

ext endi ng between the beam and the suspension armfor pivotal novenent
about a horizontal pivot axis, a wheel or track support being nounted at
each end of the rocking beam 18. A su Qen5|on assenbly as clained in claim
17 wherein track supports are nmounted at each end of the rocki ng beam and
a wheel support is nmounted co- axially with the pivot pin on the rocking

beam @0. SUFPENSHSNRIoAT BiseiBly As SHERRAS In0RafE SRITRINEES &é&hﬂ@%ﬁé&s‘?'a@é m |
wherein the su ornms a bogie wth nmeans for pivotally nounting

ort frame
t he bogi e &OW%EI t[h(‘?moﬂfert fiads \)‘ghlﬂ’@l SURRANSIONt REMHOBY SRl AYUREards f or
connect i on steeriag sar@ef rtige Syudied Mnodint t being V@Ahedted HoT acemlr mikl & Pifad i ng of

the bogie i e rmandfr t he teering system 29
Novenber Zé@ghﬁ'@%ﬁﬁ {Apg%vzépeenéﬁeé%ﬂggssé%'f’@ rREGF a\”'?l’fzs i Eﬁsg?%%l wher ei n
st eer abl e Vitalinof thedbogiount ed at t he outer ends of the suspension arns by
-swi vel mounts, a steering armof the sw vel nount being connected by a

drag link to a fixed nounting point to provide differential steering of
the wheels in response to rotation of the bogie.




