¥

; efe3eKXKU . j 6T: A" This invention relates to a leading or trailing arm
suspensi odmm]ﬂmmmmmmm particul ar for annoured vehicles. 5 In wheel ed

ar nour ed space claimof the suspension systemis a critical
factor when seeglioprg to maxi m se the usable interior volume of the vehicle.
Typically a wheel well incorporating the suspension system and wheel is
built into the vehicle and this intrudes into the interior space of the
vehicle r i interior volume and 41Q causi ng an obstruction. The
suspensi oﬁ@ﬁ@mﬁm‘m\m\“\s nounted on the side wall of the hull between the
wheel and ul'l™srde wall. Further, in conventional suspension systens
spring mount s*"Hhp and I eboung TRliRPAMPERpERnARkenidl's are typically
nounted on the hull of the vehicle as separate elenments thus requiring
accurate positioning of these locations on the hull to maintain the correct
rel ationshi p ofThishevefion\reisies tsa REdREGaling SresEmnsioh @ssembl idpameilar fBhi S
presents problens in,the nanufacture of such vehicles. The present
invention is dﬁ"@%‘{’%%"eé‘éﬂﬁa-rds overcom ng these problens. 2 0 It is an

obj ect of the present invention to provide a suspension system which

greatly reduces, Reqbdh }eﬁﬂle[[;ﬁf‘.leé {Fllg s@%%@ﬁ iof’t e QLESERRD (sa\}sféhpistarlﬁit@ mour ed

hul I thus maxi m sing usabl e interna 1n the vehicle., Statenments of
| nventi on 25 Adederayhep seekingie maNiisa thegisable intesior volumeqsf theeghigle ndbynigaly a
suspensi on ass afAekMvdiGicoRBraliy e GeSdeNiIn sybem dnd Gheslis@ilt ifto HeRRAEE ahd ane) 30

a pair of suspepsiqn unjts, nmuynted on e s ort, fr . hamely a | eadi ng
arm suspensi on tﬁiﬁi'%ug?ﬁj'"gf tf’?é#?’?"ﬁ@p%fﬁﬁtfg@s}ﬁ%% 'E?H"‘i'nﬂa]g,g' efen v Qﬂii on
unit includdbng eausngsgareotstrotionr Thd1quspengioa asserblyris enontetheh tha side walof thener
end, said out .egauﬁ%gm%@?{ el Brid Iher{uﬁPfPQ%h.' 9pnﬁ§9, i v‘éﬁtlonélrsufs;{eiggn
support, 5 said 1nner end belng prvotally nmounted 'on the Suppor rame and
connected to a sypieinagprngamourts, bump suthprbound slaps apthcemrobpmssare tpically al

novement of t henginteaears HaNhl o tRE\QEhidid @8 sBpalaidt didtheniOfhlé réfdinng RBcuPdtS PENST ON
arnms being pivotal in a ‘ﬁommn verti @gl uﬁl ane? Zo t he scg%_rt frame having
mounti ng means RoStioRa-of Peke leeatioas o el foy meintal e sore Pnsin MR e hut s
upon whi chishe vawiolsl suspensigre eiementsatos eadil pthes t Thid ereveniat grdblerdd ih ntha
particularly pr i the assenbly fornms a nodul e having a

seal ed support 'ﬁ%@gcﬁgeé\fmgpﬁwﬁm\%ﬁ%ch the spring and | ever arm are nounted,
the | ever arm being connected to the suspension armby a pivot shaft which
proj ects t hr ougtheditesaRSVehidndsdiRBed iodards Bvélcantittthéd! drobléfnst he housing, a
seal being nmounted in said opening about the shaft to seal between the
housi ng and the shaft. 20 In another enbodi ment the housing has neans for
reacti ng baop ahi anaibisehaf the presant wvédtion td providena suspgnsidnnsystefnuwHidhegreatly

enbodi nent the r &£ho, o) i | $hef I Lnst 2 5
an inner side v%wééftﬂ% H?‘etnj%%ﬁg?fn{g.g %g"z‘ﬁ@{‘_ heg?ﬁ‘%lrt%(%% §Irr%aen? g'goglgeleaaﬁ?lﬁg‘ﬁ{ss

mount ed bet weenM@fraisiag isable ineraalspased tha vehidkr side wal | of the housing too
transmt bunp forces to the housing.

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 mounted on the support frame, namely a leading
arm suspension unit and a trailing arm suspension unit,

each suspension unit including a suspension arm having an outer end and an



301In aparticularly preferred enbodi nent the suspension assenbly includes
a pair of inline suspension arns, nanely a forward suspension armand a
rearward suspension arm the spring neans for the arns being supported in a
hori zontal juxtaposed position. Preferably the spring neans and the | ever
arns associated with each of the suspension arns one nounted in a comon
housi ng. Various other enbodinents are as described in the clainms given
at the end of this patent specification.. Bhe invention will be nore clearly
understood by the follow ng description of sone 5 enbodi nents thereof given
by way of exanple only, with reference to the acconpanying draw ngs, in
which; Flg. 1 1s a pprefepglive view of a trailing arm suspension assenbly
according to the invention; io Fig. 2 is an end el evational view of the
assenbly; Fig. 3 is a sectional elevational view taken along the |ine
I11-fff of Fig. 2; 1l&aidrouderefd havirg means for cannection tdwewirebeiadksuppory. 5 is a
sectional view taken along the line Y V of Fig. 4, Fig. 6 is a sectional
view taken along the line VI VI of Fig. 4, 20 Fig. 7 is an elevations! view
of the assenbly; Fi gsal@inher end being pivotally mdueled oa kersuppodrigmelasd connected B VI | |

of Fig. 7;.2 5 Figs. aQphng neandbff t&kadr fﬁa%twmuaadppaeele\eﬁotafmmhbhmﬂ%f the

assenbly; Fig. 92 is an €l evation view of the assenbly carrying a pair of
wheel s; Fig. 93 is aPfHsppreian|ag) avauifm a (eull roslel. ng a pair of the assenblies
in position 30 for connection to a vehicle body; Fig. 14 is a plan view of

the pair of assenbligs shown in Fig 13; Fig. 15 1S etail plan view of
portion of the asse };,uspenﬂoninnﬁ})épg &Wﬁ'&%""ﬂé’ﬂ%’&@ﬁ%’@"%i ew showi ng a
vehi cl e | aybut incorporating the suspension assenbly of the invention; and

Figs. 17 to 33 show [ ’ B ' LeMErdid e ent 5
embodi ments of the i ?\’\ge%ﬂfil or@n}sz\%g'r%gﬁﬁgﬁﬁgﬁtﬁuﬁggﬁdg?e I'S b
illustrated a trail i heftoxrohavgbiple Hull wnenauhich the odyler sgensipn eesembly i Ikent i on
i ndi cated general |y hyutte®e reference nuneral 1. The assenbly 1 is in this
case in the formof a tw wheel station nodule. It will be 10 appreciated
however t'hat a single wheel station nodule could alternatively be provided.
A pair of suUspelsaparticuiarly pratemed embadimentitbe dssemblp domss e modulehavisgal sealadear
suspensi on arm Y/ : e i 4 i.ni i ng
roans 5. 6 assodParR{Ruliny e uRBH YLl ofs YabiZarid noORCS, B et g
suspensi on ar m 2ping cRarecied 1 tetuspengion ATR M anpive isheft whisthprRieetd tpuahl amhub
assen?l les 9. : {&s&d&ﬁdd'dp&ﬁﬁd iﬂta%ﬁieg.ﬂéﬂ &himmﬁﬁﬁ,tahkbmeMQ?HntB&ﬁﬁgia gﬁérﬂwgt
non- st eeri ng. Wi e.apprecj ated however at Jn other enbodi nents
nmeans may be pr 6’\9?‘6&?%3?&%8@?{"‘?? "g‘ﬁé‘o'?‘ﬂ'ﬂ?sa"ﬁ%heﬁ}?a ‘nner end 10 of each
suspension & m 2, 3 is connected by a pivot shaft 11 with an associ ated
| ever arm 12 no ] -b:f]nné i arm 12
is connected totﬁggigdg}ewggﬂ_e en@%h@h“?ﬁﬁflﬂﬁsﬁ"?aﬁ?é&%%g’@gg‘g%?f‘%%@g lé'{ldﬁl%rgésostrut
14 whi ch ext end¥ithinghefolsie@én t he | ever arm 12 and a side wall of the
housi ng 4. Each pivot shaft 11 passes through an opening in a side wall of
e ahousi g 4 A 55 Pher SubtRHEhfe llerith faf B ol @Ncn' ' 6ngBBid agkhnef O S°2
25 an inner 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 forcas to the housing.

30 In a particularly preferred embodiment the suspension assembly includes a pair of in-
line suspension arms, namely a forward suspension arm and a rearward suspension
am, the spring means for the arms being supported in a horizontal juxtaposed
position. Preferably the spring means and the lever arms associated with each of the
suspension arms are mounted in a common housing.



shaft 11. 25 The lever arm 12 is provided with an resilient rebound stop 16
at an upper end of the lever arm 12. This rebound stop 16 is engagable

agai nst an associ ated striking plate 17 on an inside face of a side wall of
the housing 4. A bearing 18 is nounted between the upper end of the |ever
arm 12 and an inner end 19 of the hydrostrut 14. A second 3 0 bearing 20 is
nmount ed between an outer end 21 of the hydrostrut 14 and an inner side wall

of the housing 4 to transmt bunp forces §o_the housing 4. It will be noted
that a pivot axis X about which each suspension arm2, 3 rotates lies
beneath the Iine of action Y of the hydrostrut 14 spring neans. It wilt

al so be noted t{giyk gﬁ\?mp.tblﬁﬂidirﬁ{gﬁ% %reﬁfdak@ﬁﬁ@& ir@fhg‘cﬂa%n@ﬂ%n@gﬁéjéﬁcf B this

assenbl i es associated wth ea e suspension arns 2, are nounte

si de by side whP¥entgpesificatier. a conpact configuration. The hydrostruts 14 are
supported in a substantially 5 horizontal orientation. In the illustrated
enbodi ment t he ring.elegent is drostrut, 14 jn alternative

enbodi nent s veni@%'“&%‘f%’?w mgre ug%éﬂoofsbyc@ﬁ%éwg HESrPIAIE SOBR any
sui tabl e el a@st i embmitthents teyeddegivenedy Whe dofreedamplec ahly,r aitto uefdreat® o 1fer eact s
all the rebound k Ly:san the housing 4 and |ikew se all the
suspensi on buma%gméé{ﬁgﬁg%ﬂgg‘gég%c@i rectly into the housing 4 through the
second bearing 20 nounted between the hydrostrut 14 and the housing 4. Both
of the bearings 18, ) 134 & PatspRbiia iR BRMRTRIMh sadpeRdGThsedifbipf the
hydrostrut 14. 15 Itﬁ%)vi | | gégén_ot ed that the corrplpgte assenbly of noving
parts are contai ned ARSI g 4 and so are protected from dust,
mud and mecteani cal inpact. As the suspension and its force reaction

el ements are conpletgly.contained wthin.he h ing 4 the requirement for
machi ni ng of the veh'igi ‘?éés%"u?q%e&) gtgggmegtc’é 58%&%'%3% of 1ndividual elenents
of a suspension systemof the hull is elimnated. 20 Hori zontal nounting
flanges are provi dedsomn g Meschichabai@tichafReiiaket dichodh nB fiftfit SfPigNS; N T ange
30 and an outer rmunt'igng %F‘eé:nge 31. l<f’l'rﬁ'e outaer mg?}tﬁ ng angfg%l has a
central pivot hale 32 on either side of which nounting slots 33 are

provi ded. Tiese nountig.agds &plen Gievs of thé assemppywhat el ongated and are for
reception of undersize 2 5 nmounting bolts for attachment of the assenbly 1
to an underside of a vehicle allow ng sone adjustnent in a horizontal

pl ane. The inner noukig.iSiga sectionpevigotakemsalengiomtinevV-vof figdnt i ng sl ots 34 which
are elongated and arranged on a radius relative to the pivot hole 32. Thus
the pivot hole 32 can be engaged with , a spiggot or pivot pin an the

under si de of the vehfig|8des apeetionabvioytaken alnadha)ing VIXRofifé- #i vot ed about t he
pivot pin 3¢ sw nging about a vertical axis through the pivot pin for
correct alignnent of_t assenbly 1 on the vehicle body. Once in alignnent
nounti ng boas engageF'g'ﬁﬁ%%%eﬁ%%@f'wg”%%?ssg'ﬁgY'o securely bolt the assenbly
1 in position on the vehicle body. it will be appreciated that the

i nvention provides ag n %gg{ @%’gqﬂ:_ struction which
can be nmounted to a?lg';bzggg%gﬁéﬁ e v%i%'fbgpg o) m&mor{‘ljzfggﬂor elimnate

intrusion into the interior volune of the vehicle. The nodul ar assenblies
are easy tgdit and ghd. Ofo Phar BetailSRiichabidWR@Y petish df BdbksembRn| Y one nounti ng
poi nt on the annoured hull. Al of the interconnected noving el enments and
bearings are contained 5 within a seal ed housing. Also, all the bunp and
rebound forces are rEgci2dsianelévation vidweof divesassdrbhly caiing e paitaf wheal$;usi on of bunp
stops and rebound stops within the housing is desirable it is envisaged
that in some configurations these may be onmtted fromthe housing if
desired. It is advantiggdean endelevatienal view shawirgrepali of theasprroblies g @esiiest ween
the inner eyl 10 andipednRéctisng renid8®Bdy:he vehicle hits a bunp the front

| eading anp 10 with wheel will rise and nove rearwards relieving the |oads.
It wll be noted also that the conpact arrangenent of the assenbly 1 allows
Cear ance for deli ver Figofa i®a plan View 8htas pait of akdembliesishassiafial 1s 9 i1 required.

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



15 Wth the twin suspension arm arrangenent illustrated the suspension has
zero .net average, torque applied to the hull nounting because the
suspension arns produce opposite and on average equal torques. Regarding
the provision of a drive for the wheels this can be done in a nunber of 2 0
different ways. For exanple a drive train may be fed through the suspension
arm Atternatively an electric notor could be provided in the hub and
cabling and a cooling systemdelivered thr,ough the suspension armthrough
the electric nmotor. Figs. 16 to 33 show various other enbodi nents of the
invention and parts simlar to 2 5 those described previously are assigned
the sane reference n r t here
is showmn a vehicle 5%&??1625)5?20& ik W%mﬁea %&%Aé@tﬂﬁn&g@%ﬂg}@g

descri bed preV|ouslyﬂﬁﬂﬂﬁphﬁgwﬁﬁyﬁg$eﬂﬁeﬂpﬂ&mﬂorn1|s an ei ght by elght 30
wheel ed configuration with conventional Ackerman type steering on the front
four wheels 52 mhich in this case are | pcated %%5a dogple mLshb&Qe
suspensi on 53. Two pHEE% 7dP F3cshow,phspension-assemblias, ariortindoty varions fifetentor ¢ he
vehi cl e 50 by nmeans @fibddivenswspeimeibnassenblies 1 which are bolted to the
bottom of the hull 56. Fig. 17 shows four rear wheels 55 which are
driven by conventional prop shafts 56 connecting the hubs 9 directly to
differential s 5RefairingHo cthe drapings abereriisl illtrates! aneiing) aan lsuspeesiom assembly mour
o e sucBielding Hho dhekR .n&acéte;u Gliddlf| by hE rbrbRhild RiméiaNt" Ghe_CTI

| ockup and ABS errin In-armdrive arrangenent
drive is carri e@ssembi h“s'ﬂri@'ﬁé’aﬁ F‘f@Pé‘Pﬁ’l aff a twe whegl|statipns ogiye. |“n\t"ll=QPat ed to

the Sulergnsmnham&lft ifod memodtmﬁséa & teing® Gvﬁédlls@ioghﬁdw?) Ehcauheaﬁdmwlbﬁn arm
journal by a shaft..a e Sus si on,ar a pregision high

per f omance i nvePP '86(?06 m%ﬁé‘?ﬂ?"ﬂ?’fg'@ﬁ LA, @a”%%ﬁ‘é’f‘é?w 36'93{ Aod afepr

ref erence nuner amspsnsxonl-'arma ard pivatally nxfunted ow ateusiogi4 cartaing springlmears 5, 6
arrangenents fo pRIS - el i ne
with a single d| rentl afxL %fﬁl our 3%@%% d%pﬁgsg?ﬁ\ﬁ/em}ﬁys\?él | to
t he incor porati 8¥ebend:paipen M"cbrarwwm Vé\e@’Héﬁb agsenblgs 8. nipttes '"%aﬁg 7. 5
illustratedsn EBodihént tﬁé/\m\eﬁmwﬁ aﬁe‘lnoi\-*‘stéehthSiWn%@dpﬁrél:taféd&now@&brﬂfat'f\OUF

notors. Referrin to Fi rran he sus §gsi on
Tosembiy for b Caraskedfsnidicent bey fo fvire i HETEE Todtes &1 ) Fosr T
reference nuner afe@ﬁsudpnnsldmarmsaJSMnmedawsanﬁmtghaﬂmmmenkssngatb@amrBl IS

mounted at an oytes, paghed o s r ol eveh anfi18 Wik

each rocki ng beam 1 vot a ? € suspensi on

pivot pin 64 fofe ﬁl%’ﬂ%?gﬁ’ﬂ%‘ﬁ@‘m ’“a‘bBLﬁasﬁ %@Pﬁsﬁ?)ﬁt %Md'“ﬁﬁ“#ot“ ‘H&'Phs extBU%hl ngs
65 at each And @éwkbethe kukidng 1Rarda Sde Warstthétholdingd. shafts 66 carrying
pairs of wheels 67 for engagi ng and supporting a track 68 on the vehicle
69. 2 5 Referring nowto Figs. 24 to 30 there is shown another variation in
this case for aEasthpivalckafih 1t passds/thubwghl ancpeniogin aBidesvall of thé hdusing 4t & sedle
suspens: on 2SS Ehinfll ESEEANEY obixh 84" TH0 ol bt Rheh B v 11
ca-al pafly wit hstafli vot pins of the rockl ng beams 61. The wheel hubs 70
carry wheels; 71 as shown in Figs. 26 and 27 which extend below 3 0 the
track 68. The t 67 are sjized so that the track 68 is

di stance above 'Erﬁ%i(eé'? %"Hdid%ﬁ'f“élﬁd vﬁlglarqtresgpn&rﬁgoupggtap 8&?@”%’9"&‘1?%0%
wheel s 71 are f idaveeamii2t Thismretiouhd atopaﬁsengmableragamstmabsocatwrsuking plafley ski d
steering. \Wen i dg@ns as a
wheel ed vehi cl eq\?\n%{‘ \éﬁhﬂ ﬁk%@%&%%ﬁ%ﬁ%ﬂdﬁﬂﬁqﬁuﬁ&ri Kﬁ%gﬁﬁgmﬂnlohnéﬁw g'peed
strategic nobi l mewpppmvdmthm!qvgrarmé?@ndmmnertqné 16 efthe hydrostrut 14. Ai’émrérs sof t
ground, whigh e%ﬁ&ﬁ@%oﬁ&’:ﬁoﬁ&é&%ﬁéeﬁﬁn 6&\813&idt2)1 oPhe hi}fodidf R%and lah bR unti |

the tracks 68 tak ad. tabecontrol al gorhyt hns for
control of the mgﬁ ettltge housmg4totransmlt bump }orces to the housing 4. g y

It will be noted that a pivot axis X about which each suspension arm 2, 3 rotates lies
beneath the line of action Y of the hydrostrut 14 spring means.



the track drive will be automatically engaged when the | oad and drag on the
track is sensed. Road wheel drive will be maintained and the tracktive
effort will be optimally 5 distributed between the tracks and the wheels to
maxi mse nobility in all terrains. Because the road wheels are not required
to provide the floatation and soft terrain capability normally required of
of f-road wheel ed vehicles smaller, |ighter wheels and tyres may be used
reduci ng the wei ght and space (espeC|aIIy wi th) claimof the wheels.
Simlarly, as the tracks are not reqU|red to operate on hard, broken
terrain to the same 10 extent as those on a conventional tracked vehicle
woul d be the track structure and wei ght can be significantly reduced
conpared to a normal track. A so, since the wheels do contribute
significantly tbwillaisehe ncied Wathe pivet shaf 11 .evesam 42 sod Aydresyut aseamiies ey be

Ear r OV\grl t hgn3\£€>s{éhé1at@c¢w&l¢%&hr&4h@&mﬁeﬁ§oﬁcdﬁﬂ§| zvsﬁwhﬁuntécﬁsrﬁ@wklﬂé QWicAow t o
i gs an e is sho u ign ass

general 'y by th@"Y"gqsé"r‘E’ @Qr‘f\é\ﬂ@ ﬁ° he?’?@?%‘@ ‘tpng%dé%ﬁ%éfﬁ?f@ i's
connect ed ats i toridgntat brientatioh.o t he hydrostrut 6 by means of a fork and
trunni on connector indicated generally by the reference nuneral 82. The

other end of the hydrostrut B is nounted on the wall of the housing 4 by an
el ast onmeri c f |l elithe dustrated rembadiment tBel spring elementhis ¢ hydrogtutitd bubin raliemitive

laterally proj e%bcﬁ@nénfsuﬂﬁblﬁ"otﬁér’b%mﬁﬁm@@a EJR.‘F: J%Vé?)i! %@ﬁr@uhbﬁervgﬂ'aﬁpstﬂtﬁﬁle
rotatably journalled in associ ated_bearing forked arms 88 at an

upper end of t helegtigmegiugymaybe used @m%*‘%@%dé&%ﬁt%ﬂ 87ebaund\\s t he
|l ength of tihe hpwes MFedip dacths BI04 the\fkéﬂ\hd&galﬁthwepeﬁﬁﬂﬁ)&%p nereksl @6

construction for th o assey eLri to Fi

there I's shown &R tﬁ&?ﬁépﬂg’slbe & n{g%?x%%ﬁ‘? "? lf" ﬁ'bg&"ge&ﬂm ies 1
are each nount efitei hydmstod Jideardr thamgasing4. fBoth eWeddeamngg 13b8ilnallcav pigstingcal
axis on the Undﬁl&%n%t&feaéﬂﬁnd‘bﬂﬁb%g&oﬁﬂd{h Each wheel 90 is pivotally

nounted on the suspension arns at 91. A steering arm 92 nounted on the
wheel 3 0 sub axle is pivotally joined to a fixed point 93 by neans of a
drag link 94 Woevl Bdsotdoghicthe a@rﬁpléteraesmlytdnmdmg@bﬁs &9 contaified Withai Be

relative to the_bogie 'ththe ry.s ustedb th el ative
posi tioning of F?’r@ﬂgt‘gg’\ﬁ 1Y 25t R° egP‘ Bilg sg ‘{)ﬁéd 8195‘& (Rl fP d%c{%r age
points to give suwensfmuandeds $orese rdactipng elements \are complgtely dontained twithin the

tor its posi [, ¢ B ARG TS, @Riting U 1T Vo R Rl ey AT070C 1 o
occurs. A bogi einfivideal elepanty of 3 suepgnsion getprpefthedal igieingiedi es. The i nvention

is not |imgpged to the enbodi nents herei nbefore described which may be

varted in both gonstr ctl d det ai | th| n Yool o] of the ap, ended
claims. 10 15 2%0 b ngﬁeﬂli@qo &"r%‘dt‘PPa‘P°“§'f]%peﬁ%'T'%ﬁ'"%sﬁ£eﬁ% ry for

an arnour ed veh'moumilng flangeyad ang:anButer groprsing flangecite, The opier mowtting flange i on
uni ts nmounted Opqad Q%et'ﬁi'épﬁ%tthofer% et EbY ofwhiEHio(htling SidtsS3SRE PrvidBd.UNi t
and a trailing arm suspension
These mounting slots 33 are somewhat elongated and are for reception of undersize
25 mounting bolts for attachment of the assembly 1 to 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 vertical axis through the pivot pin for comrect 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 appreciated that the invention provides a suspension assembly of compact



10 each suspension unit including a suspension arm having an outer end arid
an inner end, said outer end having neans for connection to a wheel or
track support, 15 said inner end being pivotally nmounted on the support
frame and connected to a spring neans on the support frame which opposes
pi votal novenent of the suspension armaway froma neutral position, 2 0
t he suspension arns being pivotal in a conmon vertical plane, the support
frame having nounting nmeans for securing the support franme to a bottom of a
vehi cl e hull upon which the nodul ar suspension assenbly is to be nounted.
25 2. A suspension assenbly as clainmed in claim1 wherein the nounting
means s adj ust AL ek ShiOUaPbY Ul U oh1FAIBHE L} B9 JohlGo Hhlee
vertical axis to Tacititate correct a i'gnment of the suspension arns on the
vehicle hul|. 3dinthatetintusiopdnis therinterios eotirhg ofdhe ehigled e maddaraissambligdareei n t he
mounti ng neans | | : 5 : [ ; i fl anges
fitSdnd. i 1K) {he%h'?ptﬂﬁ%'gh dire %ﬂ&foﬁ?%é&ﬂn&‘abﬁﬂttéd;@e

on the support ftrame havi vertica ol es reception

associ at ed moun@Tages sul Ak thedutepennesied FEVIRG eiaments andbeatnasfe wataNGth of the
Vﬁhl clhe hU|h|5h lwiihiq éls?aibd&wﬁmgﬁSAtsuljamambhﬂ@fébs&r@fmafrflre@btaamf therei n

t he through holes inc circular pivot hole.in one flange for. reception
of a pivot pin %ﬁ?&mﬁw-p%ﬁ%&f*ffﬁ“ﬂw °{et?u§??gsicfpé agd ﬁbg?"d%tqpawﬁﬁ%eémﬂ?mge'ﬁch sl ot
| yi ng on the ci desitatfle it éshervisadedathatiin sbree banfigurgtiont shese niay deaimitteddropi thet hol e.
5 5. A suspensi I | i %& j i LS about
whi ch each suspg%gﬁgﬁ%ggﬁ&i ?ﬁ%%é@hgﬁ%&@'eaﬁg%tfﬁhwe |§’égrg?2§%:%éicbt_gtr¥%§ t he
spring neans. lth@inper endsi@and suietends JNhan the vehicla hils adump fhedioal leadingamer ei n
pring I S2u .

the spring jeangi ieel Jif rise bhE SRAE RBNAIIRTCIRIRG BWAEED on the support frame
in a substantially horizontal side by side orientation. 7. A suspension
assenbly as clainmed in claim1 wherein the inner end of each 15 suspension
armis connect elwil®edoted\aib itedt thewbmpdit amariggmantf the asseniblye! Aipws dgaranzans. 8.
A suspension as i i i . i R.the nounting frame has
a seal ed housi nfé?gmai’%q’n %ﬁvgﬁﬁ%‘?ﬁ%l@g\%%@rﬂé&e@gﬁ{fi%ﬁ.ng nmeans associ ated 2
O wth the suspension arns are nmounted) each | ever arm bei ng connected to a

SUSPensi on 1P {Aih dhd i suspBdidn A mngérﬁérﬁ%&ra@atme@ﬁ&lpﬁn&&f RédClardinet
conpl ementary opening in a side welt of the housing) a seal being nounted

e

in said openi ng2¥@Rag oM 2BRise fo the hulk moupfing hesryse HEE FySeRIFRE aAPPPPdCeshat t .
2 5 9. A suspensppositeasdonialsragsequbldorgisd. i n cl aim 1 wherein each suspension
armlinclines upwardly fromthe Inner end to the outer end of the suspension
arm 10. A suspension assenbly as clained in claim9 wherein the suspension
arm of the fronRegasdiog the rrevisiauefpediviedar theiwhesis thig ¢an bedose i adumberefed
forwardly ofg it giffsre WaYSEFof Bhmpidd dh\n.eﬂmmaﬁraélfémma{ugn @fe duBfenkiBRGmA.r @i | i ng
arm suspensi on U{Plt ,h%s) its oquter enEi Iocavtgfeﬂ]_rﬁ%rh\wgr *%ts i nher end.
11. A suspensi oftfteseatien,py electic maforeayid; be rrp iy RANLY af diagoplingyi ded
at the outer engysteim dedicdredihmnginthie suspansion 2w tiheuwphuhi eldatriy retatur i ng a wheel or
trade - 12

Figs. 16 to 33 show various other embodiments of the invention and parts similar 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 hull 56 of the vehicle 50 by means of the
suspension assemblies 1 which are bolted to the bottom of the hull 56.



support at said outer end. 12. A suspension assenbly as clained in claiml
wherein the spring neans is a hydrostrut. 5 13. A suspension assenbly as
claimed in claim12 wherein swivel connectors are nounted at each end of
the hydrostrut for connection between the hydrostrut and the support frane
and the lever arm 10 14. A suspension assenbly as clained in claim13
wherein a fork and trunnion connector is provided between the | ever arm and
the hydrostrut. 15. A suspension assenblysas clained in claim13 or 14
wherein an elastoneric flexible mount is provided between the hydrostrut
and the support frame. 15 16. A suspension assenbly as clainmed in claim13

wherein swivel pgaf as%lfréyr%@l@@s%M%%dmﬁfay%&%mon&%p%f@%ut and

t he support frame and ever arm . suspenst on asse

claimed in clai $anneclif@the Ruks 9&&'?‘?’%9‘013@%?’1“3'9&%%% agy mountedmid sBiRE of

each suspensi onyrifefilath theMhdraanfdurib6r df @Kk Vehitieh CFHE dIRdiing isiitté® With tryctigpunt ed
on the suspension a“f’(ba Y pi n extendi ng between the beam and the
Fols {"‘ﬁf’p

suspensi on arm ¥ nt about a horizontal pivot axis, a wheel
or track support being nounted at each end of 2 5 the rocking beam 18. A

suspensi on asseﬁg’leﬁé gp ﬁh%@rﬁ aﬁnﬁ iV éﬂaﬂ%d%?r?ﬁé"?ﬁvé?sc&r&ki%&ré Sindle °

nmount ed at each en e roc eam a ort
coaxi al |y with diffiererginltog spllﬂﬁrmmtwtetbwhwsmwnowd% gnwblcbmsyama@o 19. A

suspensi on assefRiuyh e sﬁiﬂhmm%tﬁﬂﬁbﬁ thmﬁﬂ Qbwin 18 %us%h'ﬁh%?nrélmfzr gpfaforns a

bogie wth nmeans far pivot al nountin ogie on the bottom of the
vehicle hull, tPch‘ﬁ?JbBlS I‘R.?&fP e Ayert ngm@omgfwﬁn'“q'@t%’ geneally by e st em of
t he vehi cl e,oforrgfgamcaahrh&dlml voting of the bogie in response to a steering
comand - 13 fromthe steering system Z0. A suspension assenbly as
clainmed in claim19 wherein steerable wheels are nounted at the outer ends
of the suspensi bigs.4Pepd BY skaw vagbushalentricglrivenariangensents faguserwith dife sulgensinn vel

nmount bei ng conpQehefds hyarﬁnﬁﬁﬁem)ehmxshoa Sindlé YAGrehRM pirifo\e mfﬂ@él%ng‘Pedaé ovi de

differential steering the wheels. in response to rotation of "the bogie.
10 15 20 25 30 '*SR'fA(e'IV w@htg/ ﬂ)saincomvatmofaa'édwﬂ"vmﬂa elthgr a sipgle mptor B3 @& pr x\ by
P 15 illustrated in Fig. 19, two motors 64 as illustrated in Fig. 20 or four motors.
_2H{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca
Referring now to Figs. 21 1o 23 an arrangement of the suspension assembly for a

fracked vehicle is shown, indicated generally by the reference numeral 60. In this
suspension assembly 60 a rocking beam 81 is mounted at an outer end of each

20 suspension arm 2, 3. A centre 62 of each rocking beam 61 is pivotally mounted on the
suspension am 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 canying
pairs of wheels 67 for engaging and supporting a track 68 on the vehicle 69.

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

30 the track 68. The track wheels 67 are sized so that the track 68 is some distance
above the ground contact point of the road wheals 71. All road wheels 71 are fitted
with in-hub motors and directional control is by skid steering. When the vehicle 75 is
operating on firm ground it functions as a wheeled vehlicle with all the advantages in
here and in this — high speed, strategic mobility, low running costs. When the vehicle
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10 extent as those on a conventional tracked vehicle would be the track structure and
weight can be significantly reduced compared to a nomal track. Also, since the
wheels do contribute significantly to floatation and traction in soft ground, the tracks
may be namrower than would be required on a tracked vehicls.

15 Referring now to Figs. 31 and 32 there is shown ancother suspension assembly
indicated generally by the reference numeral 80. In this case the lever amm 12 is
connected at its upper end to the hydmosindt 6 by means of a fork and trunnion
connector Indicated generally by the reference numeral 82. The other end of the
hydrostrut 8 is mounted on the wall of the housing 4 by an elastomeric flexible

20 mounting 84. The connector 82 is formed by laterally projecting trunnion pins 86 on
the hydrostrut 6 which are rotatably joumalled in associated bearing holes 87 in forked
arms 88 at an upper end of the lever arm 12. This construction advantageously allows
the length of the housing to be reduced providing a more compact modular
construction for the suspension assembily 80.

25
Referring now to Fig. 33 there Is shown an amangement whereby a palr of the
suspension assemblies 1 are each mounted in a bogie amangement for swivelling
about a vertical axis on the underside of tha vehicle hull. Each wheel 90 is pivotally
mounted on the suspension arims 2, 3 at 91. A steering arm 92 mounted on the wheel

30 sub axle is pivotally joined to a fixed point 93 by means of a drag link 94. When the
bogies are rotated the wheels 90 are rotated relative fo the 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.
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In another arangement the drag link mounting point 93 may be provided with a means
to alter its position such that no relative movement of the wheel 80 and bogie occurs.

A bogie track rod 95 is provided befween the bogies.

5
The invention is not limited to the embodiments hereinbefore described which may be
varied in both construction and detail within the scope of the appended claims.
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CLAIMS

1.

A modular suspension assembly for an armoured vehicle, including:

a support frame,

a pair of suspension units mounted on the support frame, namely a

leading arm suspension unit and a trailing arm suspension unit,

each suspension unit including a suspension amm having an outer end

and an innerend,

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.

A suspension assembly as claimed in claim 1 wherein the mounting means is
adjustable to allow pivoting of the mounting frame about a vertical axis to

facilitate comect alignment of the suspension arms on the vehicle huill.

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 boitom of the vehicle hull.
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4.

10.

1.

A suspension assembly as claimed in claim 3 wherein the through holes
include a circular pivot hole in one flange for reception of a pivot pin and a
plurality of elongate slots, a long axis of each slot lying on the circumference of
a circle having its centre at the pivot hole.

A suspension assembly as claimed in claim 1 wherein a pivot axis about which

each suspension arm rotates lies beneath the line of action of the spring
means.

A suspension assembly as elaimed in claim 1 wherein the spring means for the
suspension arms are mounted on the support frame in a substantially
horizontal side by side orientation.

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

A suspension assembly as claimed in claim 7 wherein the mounting frame has
a sealed housing within which the lever arms and spring means associated
with the suspension arms are mounted, each lever amm being connected to a
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 fo seal between the housing and the shaft.

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 am.

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

A suspension assembly as claimed in claim 1 wherein means is provided at the
outer end of each suspension arm for demountably securing a wheel or track
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12. A suspension assembly as claimed in claim 1 wherein the spring means is a
hydrostrut.

13. A suspension assembly as claimed in claim 12 wherein swivel connectors are
mounted at each end of the hydrostrut for connection between the hydrostrut

and the support frarme and the lever armm.

10 14, A suspension assembly as claimed in claim 13 wherein a fork and trunnion
connector is provided between the lever am and the hydrostrut.

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.
15
18. A suspension assembly as claimed in claim 13 wherein swivel bearings are
provided between each end of the hydrostut and the support frame and the
lever am.

20 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 am for pivotal movement about a
horizontal pivot axis, a wheel or track support being mounted at each end of

25 the rocking beam.

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

30

19. A suspension assembly as claimed in claim 1 wherein the support 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 controlied pivoting of the bogie in response to a steering command
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20. A suspension assembly as claimed in claim 19 wherein steerable wheels are

mounted at the outer ends of the suspension ams by swivel mounts, a

5 steering amm of the swivel mount being connected by a drag link to a fixed
mounting point fo provide differential steering of the wheels in response to
rotation of the bogie.
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