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E " The pfesent invention relates to articulated

ticular to passenger carrying articul ated vehigl é £
Passenger carrying articul ated vehicles prgég3$ E 2€ *

nection between respective articul ated porti.ons of the
assengers to nmove fromone portion to another. The
conprise a tunnel nosnted between thée respective
portions,; the tunnel preferably being naintained

et ween the connected pdrtions. Various |inkages have
BARTIACUELAREDt KEBHIGLBSY structure but these have tended
rable | oadings into the respective chassis portions 15
is therefore an object of the present invention to

Tam BYepRBYi 4RFKENBROR NP bAERS n%rﬁarnqls‘mlf%tre%o‘fﬁ%qlﬁ%g

agal4 26 partﬁ&ﬁyﬁ'ut@ pésgéh@éélm@tmg vediicdiElated
|nventgon t here rOV|ded an articul ated vehicle

8ﬁ§§§}§5aﬁ3° 32 cHRECE a ¥: each having an outboard

nboard end coupllng neans |nterconnecting sai d i nboard

ass ener a axl s and hori'zont al

¥ELLLARLr gyﬂﬁgnérw?‘?f&ve” (o 1) Yr e Y IiHE Lude
pi vot means provi di A8 F‘-BFQFPOEnﬁPVW@I b%‘!"é@r%n‘feﬂeqwe"ﬁt viF sl e g portions

genehal '&r!hﬂ@[ézﬁ)@tﬁérﬁz‘ft Spd 95 &ESrs NP A e ISl i ot
et ween t he outboard a tunnel interconnecting the

BORE Lo B nBACRar < nobas sHAb SRS O Y [SaR 4 2

tunnel mounted between the respective articulated
portions, the tunnel preferably being maintained
centrally located between the connected portions.
Various linkages have been proposed for centralizing
the tunnel structure but these have tended to introduce

undesirable loadings into the respective chassis portions

of the vehicle.

It is therefore an object of the present invention to
alleviate this problem by providing an improved
mechanism for controlling movement of the tunnel
structure of an articulated vehicle.

According to the present invention there is provided an
articulated vehicle comprising a first chassis and a
second chassis, each having an outboard end and an
inboard end, coupling means interconnecting said inboard
ends and including vertical pivot means to accommodate
reiative steering movement of the two chassis about

a generally vertical axis and horizontal pivot means
providing relative pivotal movement of the two chassis
about a transverse generally horizontal axis to acco-
mmodate relative vertical movement between the outboard
ends, a tunnel interconnecting the two chassis and
pivotally mounted for movement about the said transverse

L -



: )
hori zont al axis, and a nmechanismfor controlling nove- nent of the tunnel @
about t'he hquzontal axi s, the mechani sm conprising a base plate pivotal
urited on t-he tunnel for novenent about a generally-vertical 5 axi s,
frrst and second pairs of |évers pivotally nmounted on the base plate on
respébt:ve first and ‘second spaced apart pivot pins, the two pairs of
L evers’ each being connected to a respectiye one of the chassis by.
ggspectlve pi voted |inks spaced fromthe %iVot pins 10 such t hat
I spl.acenment of either ane.of the chassis, about the said horizontal axis

pr@uces equal a“thPE’.QéhESNQI:%' Ofh@fa %@cf%isnpffdrewr&r%aq%g *ih%ve-
respect lve pl Vot - pl n, and tOI’ Jansmt r}?q r% S connecti ng the first:

and second pairs ofep&y8Fsthf FB?ﬁ%% ??%ﬁ%rﬁ igpntal, axdsshofd§i p such
that rotation of thechaness 6bmprisimg ra ik sl aopladivartth 1Ayp asiuing edot at i on
of the corres-- pondi.ng.Le f | / 1 a 1, S
mai ntained in a prgheggfn¥ﬁé§ ?ogéf m&%gﬁgpéna%%ﬂgﬁ%2§¥ﬁ¥%ﬁl f§"t%ﬁ'litl‘l%tafi
invention wil5 nowaésdefirsbetindysepgndfpraiemmfe Ianersiniyotefdyence to

the acconpanyi ng dpawhBed bR mécbase 2§1§9e3°% redidatild Tidstengqal side

view of an articulated street car; Fig s a sectlonal el evatign_of the
central portion ofsﬁﬁgngtPB%?eﬂaﬁpéﬁBwﬁFY?ﬁF?kfsil the gwp pairs 9fplgyersew
of Fig. 2 each being connected to a respective one of the chassis

by respective pivoted links spaced from the pivot pins
10 such that displacement of either one of the chassis about
the said horizontal axis produces equal and opposite
rotation of one pair of levers about the respective
pivot pin, and torque transmitting means connecting
the first and second pairs of levers in torque transmitting
15 relationship such that rotation of the levers of one '
_pair_induces'equal and opposite rotation of the corres-
pondihg levers of the other pair whereby the base plate
is maintained in a predetermined location.

20 An embodiment of the invention will now be described oy
way of example only with reference to the accompanying

drawings in which:-

25
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35




[&f ati ng positions of the street cars with 10 . Fig. 4a showi'ng the Ilnkage
the cars in a straight horizontal p05|t|on Fig. 4b showing the '/«
street cars negotiating a horizontal curve and Fig. 4c showing the street .-

- carStnegotiating a vertical curve; 15 Fig. 5is a section onthe line 5-5

- of.Fig. 2; Fig. 6 is a section on the I+ne36-6 of Fig. 5; Fig. 7is a -
series of diagrammatic representation showing 20 - in plan and. elevation “w
t he operation of portipns of the tunnel.structure shown in Fig. 2 with Fig.
7a showing the  -4- street car in a generall horizontal disposition,
“Figure 7b showrng.theist acgbneaalNegaki @ibwgod gANSAWECYEateGastLosyecanf
Figure 7c showi ng the street car -negotiating a convex vertical curve; 5

Fig. 8 is a section on the line 8-8 of Fig. 2; Fig. 9 is a section on the
line 9-9 of Figigs; ZIOSFhQQPQGiani\ﬁéﬂVDhian efil brged=8talad @wuthiconia
10-10 of Fig. QheREE?ﬁétnSagoﬁhBQntbﬁ gigwi pgs and in particular. Figure 1

15. an articul ated ve In this casé a street car, generally

desi gnat ed 20 conprises a |eading car 12 and a tralllng car 14. The cars

12 and 14 are sugpost &d anpleadivbgwasd Figil 2pg bogies 16, 18 respectlvely
and by an internediate bogie 20 positioned between the two cars.- The 20

i ntermedi ate bogie 20 al so supports a tunnel structure generally .designated
22 whi ch interEbgneétistaeschematdesplan view showing. the linkage of Fig.

-3 in different operating pdsitions of the street cars with'.'
10 Fig.'4a'showing_the linkage with the cars in a straight
horizontal position, Fig. 4b showing:the'street cars

‘a:§ 4 fs a schemati c .pl an vieM/shomfﬁﬁfthe | i nkage of Fig. 3 in di f f er ent
3

negotiating a horizontal curve and Fig. 4c showing the
street cars negotiating a vertical curve;. '

15 Fig. 5 is a section on the line 5-5 of Fig. 2;
" Fig. 6 is a section on the line 6-6 of Fig. 5;
Fig. 7 is a series of diagrammatic representation showing

20 in plan and elevation the operation of portions of the
tunnel structure shown in Fig. 2 with Fig. 7a showing the
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of . the two cars 12, 14 to all ow noverment of passengers between the.car&l&yf
The cars 12 and 14 are connected to a turntable 24 to accommpbdate relative:

. fovement about a 25 vertical.axis designated W on Fig. 2 to provide:
'§fbering movenent .and about a horizontal axis designated Hin Fig. 6 to
accermodat e- chariges i h el evation. The details of the turntable 24 and the
connpection of the 30 curves 12, 14 theret® cén best be seen in Figs. 2 and
i?. The turntable 24 conprises a transverse bolster 26 to which are

otatably nounted the wheel sets of the bogie 20. A bearing assenbly 28 is
| sp mount ed on PREESB| GREriDER FRP LAY SRRT bzrRfiA le A4 SBARS 0 on nEdghRs dike

ring 32 and an 35héwWDRE th8UsBlecet Pk n&fotPEEEnPGa SheDrdar i@ 10Wlive

-5- and internedi a

d the i .and ' . Th
Tnga 30, 32 and®8% FagOrfer 5t BPEVING NS BERTTe GO GRESHLRRGPTaBoLPLSR

i.ntermedi ate r respective

general ly verticuerekesl Sudhe;internediate ring 32 is connected to the
transverse bokster 26. The leadi.ng car 12 is provided with .a pair of,
support beans 40_which project rearwardly fromthe car * bel ow t he

general |evel
-outer ring 30,
beans 42 whi ch
rel ati onshi p.

of Fi%ie PakSchgeclin? \whd-hdnate i afhdFide Lolted to the

The 10 trailing car 18 also includes a pair of -support

e T tiphan Tkt Srh Dot 1 & ccei ve

sel f-aligning0bearing assenblies 44 which 15 conprise an outer race 46

and an [nner racgsgB 10 BAEIR G dof 960 Sd¥id el IS Un WA 1B YIAGP o0

- that the inner racé can adopt a W

positions r atirve to

outer race. TheFi®ne?P-race 48 is bored as indicated at 50

15,
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" Referring now to the drawings and in particular Figure 1,-

an articulated véhicle, in this case a street car,
generally designated 10 comprises a leading car 12 and a
trailing car 14, The cars 2 and 14 aré.supported on

‘leading and trailing bogies 186, 18\respective1y and by an
 intermediate bogie 20 positioned between the two cars. The

intermediate bbgie 20 also supports a tunnel structure
generally designated 22 which interconnects the interiors
of the two cars 12, 14 to allow movement of passengers
between the cars. The cars 12 and 14 are coﬁnected to a
turntable 24 to accommodate relative movement about a
vertical axis designated VV on Fig. 2 to provide steering
movement and about a horizontal axis designated H in Fig. 6
to accommodate changes in elevation. ' '

s

_ The'details of the turntable 24 and the connection of the

curves 12, 14 thereto can best be seen in Figs. 2 and 5.
The turntable 24 comprises a transverse bolster 26 to
which are rotatably mounted the wheel sets of the bogie 20.

A bearing assembly 28 is also mounted on the bolster 26 and -

comprises an outer ring 30, intermediate ring 32 and an

“inner riang 34. A pair of races 36, 38 connect the outer

g



e.[eceive a transverse shaft 52. The ends of the shaft 52 20 are supported
Standl ng ears 54 which are bolted to the inner ring 34 .of tHe beari nb

ssgnbly 28. The two cars 12,14 nay therefore rotate relative to one

apdt her about a general ly vertical axis which will result-in relative
. . mo¥@went .between the inner and outer rings. _ At the sane 25. tine, the

sel f--al i gni ng bearing assenblies 44 perm't tqmetralllng car 14 to rotate 4:;'
about a generally horizontal axis relative to the |eading car and

uermediate bodg (9uRRcoIRLe wid | £AL QNS 8 (HEoFRRRIA 14; 318

al so connect ed roo torque res S g
general |y desi grﬁ%@ve&y-caﬁh@ﬁlnﬁé S8en 3|2naF1ﬂg 343matYh hee,f@foﬁ'@ catare

i ncludes a | ongiddidididte RERMBA? MHtHED AR S r Sdly Jer@nddie £:a9f, of

the car. 12 -on the center Iline of the car. The 35 trailing car 14 also
i ncludes a pair of |ongitudinal beans -6- 64, 66- which.are spacea on -
opposite sides @hé hententnexdilaine ninghe 2cdrs kbnndbeebongi thitd natabsaprsa

i i vot al | t 68,0 Lns

1 dbey arony LB ieEeE 26" ERE RSl ay' BixOF2 s BaPb01 BB e WBLix of
connected by a cotpRR¥foReamys t 49 avwhilich pransesr Fedgnarddy fﬁﬁﬂl#h? 78r
is connected by k?ePQW‘eEth zexetxoaihqé)@émﬁﬁlf e | pdysbhget h@a@ﬁﬂlﬁgz

of the link 68 |s connect e onnect to a econd transvers lin
which in turn i€ ?ew% S Rl et fan the (THESEAFLAS Sqny e
first and séﬂbm&ﬂafmtngrsarl&ﬁkaxﬁh ﬂﬁbluéegeaepahkyoﬁa@ﬁpgbrtobeams 42
anot her and t he a al | [sf, t
pi voti ng noveneﬁﬁgpg Pr%%%&@ f%?wa@ﬁf?“%éﬁh.ﬁﬁe car?i &“SE%%é& BgEgilel
' relatlonshlp. The ends of the support beams 42 are bored
to receive self-allgqlng_bearlng assemblies 44 whlch

15 comprise an'outér race 46 and an inner race 48. Each of
the races . has ‘a spherical bearlng surface so that the inner
" race can adopt a wide range of positions relative to the
outer race. The inner race 48 is bored as indicated at 50
to receive a transverse shaft 52. The ends of the shaft 52
20 are supported in-upst'andi'.'ng ears 54 which are bolted to the
inner ring 34 of the bearing assembly 28. The two cars
12,14 may therefore rotate relative to one another about a
generally vertical axis which will result in relative
movement between the inner and_outer rihgs. At the same
25 time, the self-aligning bearing assemblies 44 permit the
trailidg ca:'14 to rotate about a generally horizontal axis
relative to the leading car and intermediate bogie to
accommodate vertical curves. |, |

30 The cars 12, ;4 are aiso connected at roof level by means
of a'torque resisting linkage generally designated 60. As
can best be seen in F1g. 3, the leading car 12 includes a
longltudxnal beam 62 which projects rearwardly from the
roof of_;he car 12 on the center line of the car. The

35 trailing'cAr_l4_élso includes a pair of longitudinal beams



* vertical axis. The pin 70 is coincident with the vertical 15 axis V
turntable.. Uponthe cars_ 12, 14 negotiating a horizontal curve, the cr
over link 78 widl rotate about the pin 70 to pernmit displacenent of the

*\cars 12, 14 about the vertical axis V. 20 The orientation of the cross
over~ink 68 with the transverse links 76, 82 remains constantso that a.
si pl-e pi voti ng novenent i s achi eved aboul tBe pin 70. This arrangenent

.- can best be seenin Fig. 4b in which the cars 12,14 are negotiating a left

\-hand curve. Upon the cars.25 _entering.a vertical .convex.curve, .the
leading car will %ér'opsée"r‘iﬂ:ge?rﬁ stpr?é'.gefr%?'l_?ﬁﬁw ;-.l;e sides s°gnﬁ%‘§m§’ﬁtnt?§
»etomodat ed abodt neheft rdues \warsd shafthes 2 ool todinad desins (8 A cisrepd vo e T e
position of the Riknk QY glvgy [ | sSphac b s
acconmodat ed by pi?v&%ig%%%ogeérgﬁt&_go. t he ltcifrgkns]é%rgsag %l%’(g Jr7gl §§?\?té“t°§‘?d
the support bean® ¥2p63aR3 %y Tdtht 26068 t RE S TYept| FhR ddndp ARt is
the pin 70. _Becaps,e;;;-hgltlrygnabelr;ﬁ@c{-_baksbyaa 83°alrree§ghg,tnan'gualtl;a Rar g!ilregt
and of equal:length, t he _di sp acgpeag of *Ee onnection, 78 and 84 .to ebther
side of = -7- tREXARYEF AT nd28™ t A& -vent BPe i %8qdA Lfid SHIPREFLEL InPEh @
i s accommodat ed bypnretktioon78f tohbhei hkad8éabosimiharby ntH®. otHén send 80 of
arrangenent is shgun jinEi g8 4| ' ' | éﬁygﬁ'h t r
over link 68 is rot atled inga 5, ¢C ?)éﬁ\i/em'ege%%i%c![ci‘%% abou rtltatél pL{Brar 09"?20%ond
al low the car 12tE@RHIVEES Aabdbiift’t R2hath b6ht din akiPE™ $ 8| A9RRecEadheby a
trailing car1d4. cobinecthiodn oggued eshet ¥dahi BaAge HleddEir 86t dnthi Hobdre
articul ation of {he LS S0OYS e PO Yl ABLnHdi £ pBal1e1 to one

another and the connections 74, 78, 84 and 86 are all

arranged to permit pivoting movement:about a generally

vertical axis. The pin 70 is coincident with the vertical
15 axis V of the turntable.

. Uponthe cars 12, 14 negotiating a horizontal curve, the
cross over link 78 will rotate about the pin 70 to permit

~ displacement of the cars 12, 14 about the vertical axis V.
20 The orientation of the cross over link 68 with the
transverse links 76, 82 remains constantso that a simple
pivoting movement is achieved about the pin 70. This
_arrangement can best be seen in Fig. 4b in which the cars
12,14 are negotiating a left hand curve. ‘Upon the cars

25 ‘entering a vertical convex curve, the leading car will drop
relative. to the trailing car. This movement is
accommodated about the transverse shaft 52 and céuses a
displacement in the position of the pin 70 reiative‘ﬁo the
‘rear car l4. This displacement is accommodated by pivotal

30 movement of the transverse links relative to the support
beams 64, 66 and by rotation of the cross o#er link 68
about the pin 70. Because the transverse links 76, 82 are
substan:ially parallel and of equal length, the
displacement of the connection 78 and 84 to either side of



0 ®pon a force to cause lateral displacenent between the carg 12,14, due

&Eg, xanpl e to an uneven track or to the banking of the track the torque ~
S|stant l'inkage 60 operates to prevent. relative dlsplacenent ‘bét ween t hieos ?

S. The forces 15 causing |ateral displacenment diagrammtically -

|nd’3ated by arrow F'in Fig. 4a act to nnve t he Iongltudlnal beam 62

toward one of the beans 64, 66.  This wolld’calise the pin 70.to nove tomard

the beam for exanple 66, so that the second -transverse I|nk 82 woul d tend

-to induce rotat n of \ K 7

anti cl ockwi se ?eEFl gﬁr Itlkf‘)vw'ff %cﬁlernc}t 8 g‘% %gqq‘{rj 5i% OA%{?}/ %h&egf?gls
transverse i nk1$6aammodnttelde baptr@siaielendefothet hd o 687@bspat Hzhe tpvien
forces tending &g, '%ﬁtel byrdhsBhane t9espakd 1% rid.ane &‘t-ﬁ'»ﬁ%l% bi)’tttj;'elT :

| i nkage .60. Such 25 forces afe also.resisted by, tfansverse
operating througR t3R2Bedihy é%‘seen%F(j’SfB IBethaki Bife ‘@ar%sréﬁaﬁltﬁfil dribdd
on the centes | theckwise dieheeteonThBoptoyhei win 0fd t:beamefw Fhentad Lorgoe

resi'sting |linkage en S.the ne
accomuodat e nuc °§6Qe ﬁé?#g tPSrggngﬁagaioggggoﬁhg evﬁe %g%agﬁal%h%g
tunnel structureaz2 i4 subpust dhertargprendesistt sebmidakaddehsps dommetoed

by pins 58 to tbﬁh‘ilﬂﬁ{ t@’l@%:‘ﬁlé@fm@@bﬁt Bk €Hed8a28CHbbUL ke for 1%@&1?5
58 permt the bea : - to rotate about a generally horizontal axis
to permt the tﬁﬁﬂeVer§PF6&tBFésto move back and forth along the
IongltudlnanoaX|s of the vehicle. The beam 56 also carries a pair of

ﬁf?geg' g‘é?' e Ty §§ pﬁe%% 9}98 %ﬁ?eaigt&f?&ﬁ]e&iSSt?céBeerbQE%‘eﬁGtQX cars

12 14, due for example to an uneven track or to the banking -
'of the track,_the.torque resxstant llnkage 60 operates to

- prevent relative displ&cementfbetween the cars. The forces-'
15 causing lateral displacement diagrammatically indicated by
 arrow F in Fig. 4a act to move the longitudinal beam 62
' toward one of the beams 64, 66. This would cause the pin
70 to meve_towerd the beam, for example 65§, so that the
second ‘transverse link 82 would tend to induce rotation of
20 the cross over link 68 about the pin 70 in an anti
'clockwise“airection. However, such rotation is resisted by
the first ﬁransverse link 76 acting on the opposite side of
‘the pin 70 so that the forces tendingito'laterally'displace
the cars 12, 14 are resisted by the linkage 60. Such
25 forces are also resisted by transverse shaft 52 operating
through the bearlng assembly 28 so that the cars remain
allgned on the.center line of the vehicle. The provision
‘of the roof mounted torque resisting linkage 60 enables the
bearing'assembly 28 to be designed to accommodate much

30 smaller'fOrces.than would otherwise be the case.

Theﬂtugnel_structure 22 is supported on a traﬂsverse beam
56 which is connected by pins 58 to the outer ends of the
' bolster_26 as seen in Fig. 6. The pins 58 permit the beam



'pl ate/s rest on sem-circular recesses 94, 96 provided in the ends of th
| eadi ng and, trafling cars 12, 14 respectively. Upon rotation of the cars =
bout the vertical axis, slldlng novenent between the floor plate/s 90 and.
t e 10 respective.reces 94,. 96 occurs and upqgn novenent about the
homfz\cmt al axis H, pivotal novenent of the, plates about the hinge 92 will

"occf. The periphery of the floor plat@es %0 7s-al so covered by four part
iC I|ndr|calshells 96, 98, 100, 102 which are connected in respective pairs

0 the. l.eading, 15, 80d s gl quacgéﬁF%a’u 4hoP1 prOVI :?igs S g;?{::ﬁ'f{ E‘R?It gﬁ

t pancé-to-t hé passageway “Pet rs an rans
fromthéi ntertemrtﬁltwewmelr@ t ot Heovennla cit rm@urfélzfzh glongl Ithhe

observed from Ebﬂgléuah§£1t5@1§h@f | eh dGrerdi 12NN enkedehf) tsheahsadbagrsas 12
are of 20 graﬂerdla ter,

th f S ellsrékégﬁ 1 nnected to
trailing car 12 P3%he® %?'f‘é S?"éc‘é o b 5 % f”g‘ PRE SQPPFEE\?d
axis to pr o8i deoatgenbrealrd Y5 & doy deilngés ug ur eThdhpedi pheriyng fditdnet £roof
th hel |
hor i zontai 25 Burssl HHReR f HAEP-QUEATY Feckn 4 £8] O HYS 2 80%0n
- protected by atB@l I Gﬂslsloefcoﬁhéctbﬁaﬁtlflﬂ)péﬂdt et&ddst 1 pIt R EErsliz, 1.L4

and supported kBsgesedvaiP. t NBpsRr ottt i) f ft@@cla% abdhe BREPvaOLiks]
connected to the.,ends,of, .t he transvegéaﬁgean1

i ncl ude o)
Certical posts 68 aRh L LRg FEYABS bR B8N ChBobLRATBI ARG, Prand tne
‘hori-zont al 1l0eamespeathuageec eﬁb}y9&mﬂunnmpmnﬂ npoa pavemehtvabbutathe

112 1 9
Zggf’gagfe b 1gﬂgr§z859§f Qfﬂ“é #:Tv%t%ﬁmnﬁfdé}%nt of9thEE A0S ML BEHE" BhLY

hznge 92 w111 occur The periphery of the floor plates 90

.is also covered by four ‘part cylindricalshells 96, 98, 100,

102 which are cohnected in respective pairs to the leading

15 and trailing cars 12, 14. The shells 96 to 102 define the

- entrance to the passageway between the cars and provide a

smooth transition from the interior of the vehicle to the

tunnel structure 22. It will be observed from Fig. 5 that

the shells 96, 98 connected to the leading car 12 are of

20 greater diameter than the shells 100, 102 connected to the

" trailing car 1l4. The shells are also inclined slightly to

the vertical axis to provide a generally conical structure.
The differing diameter of the shells permits them to

overlap one another as the cars negotiate a horizontal

25 . curve. ' ' |

The exterior of the cylindrical shells 96 to 102 is
protected by a bellows 103 connected at OppOSlte ends to
the cars 12, 14 and supported intermediate the cars by a
30 hoop 104. The hoop 104 is connected to the ends of the
transverse beam 56 and includes a pair of vertical posts
106 and a horizontal beam 108. Depending from the
horizontal beam is a;henger assembly 110 comprising a pair
of vertical supports 112 and a cross beam 114. A centering

b T



rigidly connected to the shaft .118 for pivotal novenent

0. the cross beam for noverment about a vertical axis. The centering
Ani sm 116 is best seen in Figs. 7 to 10 5 and conprises a‘base plate

ttheremith: A

‘pal L.of pivot pins 122 are nmounted on the base plate 120 and each rot.atably
supports a pair of tooth levers 124, 126 respectively. Each of -the |evers
124, 126 conprises a 10" circular head 128 Wavimg teeth 130 fornmed over a -

portion of the periphery of the head. A lever arm 132 is integrally fornmed o

with the head 128. Thesl evers-124, 126 are-arranged in pair
pi vot pins 122\ﬂ??P?ﬁést@&”%ﬁ?$ll3ge§kﬁ€ﬁ$ Ei

s on each of the

ei ther side of til8 o thengiriosd halamafiox mbvhhentebbﬁhe a Veetspati Bais.

bet ween the pins 122 is such that the teeth 130 of adjacent

| evers 124, 126

are meshed so that rotation of one of the levers about the pin 122 will
i nduce equal an&hpFEnterisganeehasiisneldshés besér sakoutini Figs.n7123. 10

The extreri (s abla Sspeti st o Neadevetade™ A3% gy faspnagaLRL g St Lodl
6 are conne 0 a nountin

pi vots 134 to strut §_ he struts 1
137 on’ respectlﬁgaéﬁd §9ﬁanﬁQF%k2m?ﬁeﬁ?nﬁeﬁh§r6V15hverB|EaFrppﬁo?lﬁpﬁ

138. A top pl apd de01i22 nonet etoiznteEhced relatbasshigl dtemide hage £iakhe

d h 5 h h
otating rel ati o0 1a AR aSRESshE e | RE Mor5oman Sheise Ve renot bant | 46

| ugs 137 will

mMyeSReehbvelyvar #asth syt heoberasts diddr 126vacpngrises a

di stance 301jet wa%di&mné&u&z@&&@ﬁrﬁg it ddRNSY Eb%éd”?}%‘ al BEr8ioW §¢

136 and causes rotation of the Egectlve two | evers 124,
e

directi ons aboufPEh@SHiiRRe53 ©

I'n opposite

and opposite rofarimed ofitthectn ltesadpalias.of Thevaevers 12dycedswhirehakganged

15

20

25

30

in pairs on each of the pivot pins 122 with the lever arms
13%\extending in opposite directions on either side of the
longitudinal axis of the vehicle. ' The spac1ng between ‘the
pins 122 is such that the teeth 130 of adjacent levers 124,
126 are meshed so that rotation of one of the levars about
the pin 122 will induce equal and opposite rotation of the
other lever about its pin 122. The extremities of eachn of
the lever arms 132 are connected by vertical pivots 134 to
struts 136. .The struts 136 are connectad to a ﬁounting lug
137 on respective ends of the cars 12,'14 by means of a
vertical pivot pin:l38. A top plate 140 is mounted in

- spaced relationship from the base plate 120 and is secured

to the base plate by pins 142.

Upon the cars 12, 14 rotatingarelative to one anether about

the horizontal axis H, the mountlng lugs 137 will move

either toward or away from each other to vary the dlstance
between them. This movement is transmltted through the
struts 136 and causes rotation of the respective two levers
124, 126 in opposite directions about the pins 122.
Because the teeth 130 are in mesh, the equa1 end opposite
rotation of the other pair of levers is induced which is

Gshetfe tBelBvesoasme 3?2 ks nhegrakiyl
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- 10 :-.only achieved if the cress' beam 114 remains centered between the/y

twp lugs -137. , Thus upon the cars 12, 14 negotiating a vertical curve, thef~ "
pgﬂyering mechani'sm 116 operates through the hanger assenbly 110 to nove

the hoop 5 104 and the transverse beam 56 about the pins 58. ‘In this way,
‘t he.4€T{"ows remmin centered between the two cars. Negotiation of a _

hori zontal curve is acconplished by bot i of & he 1i nks 124, 126 rotating
‘@about their respective pin 122 in the sane sense, which is matched by equal

ab . p p y eq

and 10 opposite di.spl acement .of. fhe other paif of | rs 124, 126. The

cantéri ng ‘mechafifdmh thePaegrd e’ff% egP?vé‘.lrf%ot éF@g‘ 'agxgt GHRA RS HiGRP toReh
130 to.accomopdhedweasn hohiezdrwal lagsveb37 A t Thusl dpomr thed ¢srsufieqrt bd

on the-transver ggqReaqt PRqla V&F: bXak henwhoap . : ol d

t he part_cylindrigal shel?s 96 to %8%.guThgft%ﬁ%é%g??ﬁg?n%4§e?%%ﬁﬁ'eswgfg
pair- of side. paRBPEatAS RRTAPH Shomididesy asFembhyrlb? HRtReygethe  hamp

nnunth at oppo&hﬁea&ddﬁheftfaﬁsF@&@&N6@3@1Bsaabéﬁt thkepsindespanet s tifbs

are al so suppor 2 ertice osts 150 i.C overge to neet a

hori zontal roof btggds%ﬁ{%de%'pig%%oo er??’u%scfgggé'ﬁ%erc&fst‘fgﬁﬂsgé’resgﬁv at#bis

the tunnel |ineNeggaiiahdonsofonndorddonbald lcamyer iB54 ctepupidisted ripm boeh
‘cross beam 114 gk the DeREsr 1235e1Blky-34Q¢ i ntharyule it 3

I vvhi'cr' [ 'mEh tm?(}ellb?/:t e%’g‘fetglu%s

connected to a'ioof,25 anel 156 h is also support
152. The tunnel TEPné® 14Ret F&TSF oF 8RABve VR R tife RBEFhed4 Rihdeaupde and

i nfluence ollot heppesitei dyspbatemest) dftchd tottidd pedmaired dvdas the,t ungel

st t 144 i i 0 18 | ' 2. Thi t
Compensate for The GErPEFind mediBien Whendadtd efRegttvell Rakdrng apont
equal i se the sphbengedeingcteeticl Phrtst actommpddtehshadhaténontakl turves.
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A tunnel liner 144 is supported on the"transverse beam 56
l5 and by the hoop 104 to seal the area between the part
cylindrical shells 96 to 102.  The tunnel liner 144
includes a pair of side panels 146 which are conriected to a
pair of outriggers 148 mounted at opposite ends of the
transverse beam 56.° The side panels 146 are also supported
_20 by vertical posts 150 which coverge to meet a horizontal
roof truss 152, The roof truss 152 extends transversely
across the tunnel liner 144 and is connected to a hanger
154 depending from the cross beam 114 of the hanger
assemb}y 110. The side panéls 146 are connected to a roof
25 panel &6 which is also supported by the roof truss 152.
- The tunnel liner 144 thérefore moves with the hoop 104
under the influence of the centering mechanism 116.

It will be noted that the’_zt-:_unnel structure 144 is displaced

30 toward the leading car Xf. This is to compensate for the
different diameter of the shells 96, 98 and 100, 102 to
equalise the spacing between side panels 146 and the
adjacent shell. | '



#|11 be appreciated that as the street car 10 negotiates verti cal

fes, the side panels 146 and the cylindrical shells 96-162 wi'l | nove.

ati ve to one anot her about 'he horizontal axis H  Under nornal * /¢
cunst ances, such 5 novenent woul d causé the cl earance-between the panel
146 and the adjacent shell to vary along the height of the parel 146 due to
tHe i'nclined line of contact of the panel 146 with the cylindrical surface ~
of the shell. This has created a safety problem-in that sufficient ,;*3
cl earance nust 10 be Jeft between the panels and the shells to allow for

t he maxi mum cl && Widdwhecaprrssiadad thathag ghp peragtierr Yenraotiske

pangls an?htheyggggdyyIéhéfééye§§étsigéﬁfghheMQfQEQ aﬁH)£W8{§9ME?%BE?a1 4
probl'em e side pane art orned from.a stationary portio xed "
P the 15 outr RIS - L8 7hI8BoMs0r At v i AAdhehr3oRo: than
160 is of a gehnerdldgntalangd sr shapéndietrth tbembadsecbtcadstiamges, such
supported by t Lgger #8830 Wi d ] 'aq,e%];- t r r '
152. A pai rgof r‘?%%uhlg'-argoﬁﬁd%ta pangigléé@aa‘?gqﬁienggd a '0?1 a’?%e&%llgﬁ'l %gg

edge 163 of 20anchetReaplirAsppoFherdd &P a%afrp BRI okl Bedigdik @h BRPs
~running parall ibn@l g idud inedrdoendbihed 1iwe séft tonedyte POFt £RA. pahel

outer edges 164 of the fjllet panel are jo d so o-lie an_acut

“‘angle wWith res &4 With h%h?eﬁﬁgﬁ&a’”tﬁa]f h%gg?ﬁé’epg%zlté‘elfé?e" .her},élﬂlfargas
edges 164 are 2ZFeadtiedsed safatystpadid eyl imdthatl sefifitsedt cbeddlnse musto
fol Tow the,ghelles yUsy M ald | Mk [%’é/{?é‘fé‘taﬁ’&t LEENshAF) 23 %i}?%foyp‘?ﬂe
the car negotiating a horizontal curve, the 30 cylindrical shells, slide
within one ano@MifimpmegdipagaRcanbiche 3k BeSBIGBaLR BeSAderPeiRI shefls

~and the outer petween the panels and the side walls to present a safety
hazard. To overcome this problem, the side panels 146 are
formed from a stationary portion 160 fixed to the
15 outriggers 148 and to the roof panel 155; The stationary
portion'lsd is of a generally triangular shape with the
base of a triangle supported by the outriggers 148 and with
‘the apex adjacent the roof truss 152. A pair of triangular
‘£illet panels 162 are hinged along the inclined edge 163 of
20 the stationary portion so as to be pivotable abdut an axis
- running parallel to the inclined edge 153 of the stationary
portion. The outer edges 184 of Ehe_fillet panel are
jogged'so as to lie at an acute angle with respect to the
remainder of the side panels 146. The outer edges 164 are
25 biased against the cylindrical'shells 96 to 102 so as to
follow the shells during relative movement between the cars

12, 14. : _ . '

Upon the car negbtiating a horizontal curve, the
30 cylindrical shells slide within one another at each side
and the line of contact between the shells and the outer
edges of the fillet panels 162 remains subStahtially
- vertical. However, upon the vehicle nethiating a convex
vertical curve, the two cars rotate about the horizontal



edges of the fillet panels 162 remains substantially vertical. However,
upon the vehicl € negotiating a convex vertical curve, the two cars rotate”
~Abount” t he heri zont al -12- axis H which causes the upper edges of. the .
cyTindrical shells 96 to 102 to nove away from each other. The novenent -of

t he u”ber edge -of the Shells is greater than that of the | ower. edge  and due
to: thecylindrical nature-5 of the shebls 96 to 102, the distance between

Je top edge of each side panel 146 and its respective shell will be

greater than the distance between the | ower .edge of each side panel and its

respective shell. abi&\eewemubn baasesgthéeuﬁpé+eéd§@@eé§ tJtﬁe? c’:ymriﬁnélrbal
i nclined edge, . di spl acepent .of | et

899 | ar ane
relative to the stgteﬁ'&ﬁapg \éSr'g g EﬁGﬂ?v?h "Hhp °"e0%ae°rbf ektrf‘Fé"‘fl I'Iih%t panel
will nbve.a great @aovémeni&no€ ktheeupbey edtipm ¢Hethovsre Edyel s Brien terertfanr e

conpensat es for tQﬁa\‘,aB'f‘a‘thr‘lee}-aE éé" aﬁ(ﬁ’a&ixf'gt@ @’Wlﬁ?ﬂﬂﬁ%f :p:calt%tt‘elS

panels to closely follow the walls S and ral'ntain ect

seal at all t?mesofThhe Fhe#éétgﬁst%th%’|hh$ﬁ%FSQQPQQKPQQK?QRM¥ﬁ§r§@P
situation where tl&ag‘éEblf‘CbﬁcﬂelQHéabﬂﬁeB tOfICRYE ViES Lt e HANE dhe13hown in

Fi 7b. It has b d_t hat d I hi d I
the gap betveen ¢ AELBaRt) E7SREST nEreD! PRy PLETendR b atHess Db reben bogs °
seal ed at all timef amght hddef Daeeleainloieitmeresmkcufveratreaurenmooﬁevmrt of
one of the passenggr ﬁlﬁgihﬂgtﬁgvfﬂ?ﬂét%aﬁé‘fs VE§y Cifonésa NG M3 %Cte%rg'eSt'C

features of the l'i hkage 60
for a given angular displacement of the fillet panel

relative to the stationary portion 160, the upper edge

of the fillet panel will move a gfeater distance laterally

than the lower edge. This therefore compensates for

the variation in lateral spacing and enables the flllet
15 -panels to closely. follow the walls of the shells and

maintain an effective seal at all times. This in faet

is shown in Fig. Tc and the converse situation where

the vehicle negotiates a concave vertical curve is

'shown in Fig. Tb. It has bheen found that by adopting :
20 the inclined hinged panels, the gap between the panels

‘and the cylindrical shells can be effectively sealed

at all times and therefore reduce the risk of entrapment

of part of one of the passengers during movement of

the vehicle.

25 - _ _
The characteristic features of the linkage 60 and of_.
" inclined fillet panels 162 are separateiy claimed in
our copending applications 82 05194 and 84 12282
respectlvely(é‘—g 'J-Oq% IEVA ande ﬁ'&z‘%ﬂsgg'ﬁ)
30
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ed fillet panels 162 are separately clainmed in our copendi ng

‘¢ations 82 05194 and 84 12282 respectivel y(GB 209378la artd b, _M

399B3SA) 30 35 CLAI M5 1. " An articul ated vehicle conprising a o 3

. f\r s~ chassi s and second chassis, each having.an outboard end and an _

. inbeard end, coupling neans interconnecting the inboard ends and-including
vertical pivot neans to accommpdate rel-atlidve steering novement of the two. —

- chassis about a generally vertical axis and hori zontal pivot neans ‘oot

proviiding relative pivetal novenent of the-two chassis about a transverse .-

general |y horideﬂEEjhxrs to accomm- date relative vertical novenent

bet ween the outboard ends, a tunnel i nterconnecting the two chassis and

pivotally nmounted for novene oyt the said transverse horizontal axis,

-and a nechani sm for cont#%ﬂq &feehdrlencompRAsinghauf 1At RBABSHAL al
axis, the necrwuamﬁnsnnqnd:gha;sisbaaecmlahaipgvahabhybﬁauateddoanahentUnne'

f novenent ab I fir 3t pand;sec a
Igcers plvotaII3H%6%H?§3§&§ tt e%% qﬁ ?e EHthg-nBSEgﬁgé ?FFS? hﬂargecond
spaced apart pi Vtdiangd #ﬂﬁéWQM?Spd€W§l@ﬁlI®v§p§ Bgehsbépbngcconmnedabe to a

respective one Cﬁeﬁdtiﬁﬂﬁﬁt%é%ﬂ@g h%&ﬂ&%htV%fptK@t%Qo|b85§s§9a§§ggtrgnrthe
pi vot pins such that lac§1§ﬁha0f ei ther one of the chassis about the

sai d horizontal &8 Jrddd& Px&ﬁdaGBpBQFPé°PBPétPbﬁ°5fm6ﬁéspalr of
| evers about theprressidiolg e Laitiote mumptandmbeemaﬁttbaHSHettwagcﬁﬁsgﬁs

connectlng the fidgsile QPQr%ﬁ&QQQS%ageﬁerally horizontal axis to accommo-
date relative vertical movement between -the outboard ends,
a tunnel lnteroonneotlng the two chassis and pivotally
mounted for movement about the said. transverse horizontal
axis, and a ‘mechanism for. controlllng movement of the
tunnel about the_hor;zontal axis, the mechanism comprising

" a base plate pivotally mounted on the tunnel for movement

about a generally vertical axis, first and second pairs
of levers plvotally mounted on the base plate on res-
pective first and second spaced apart pivot pins, the
two pairs of levers each being connected to a respective
one of'the chassis by respective pivoted links spaced
from the pivot pins such that displacement of either
one of the ohassis about the said horizontal axis |
produces equal and opposite rotation of one pair of

levers about the respective pivot pin, and torque
transmitting means connecting the first and second pairs
of levers in torque transmitting relationship such that
rotation of the levers of one pair induces equal and
opposite rotation of the .corresponding levers of the
other pair whereby the base plate is maintained in a
predetermlned location.

2. An articulated vehicle according to Claim 1 wherein
the torque transmitting means includes gear teeth on the

Iy -



< of levers in tarque transmitting relationship such that rotation of the /, )
| evers, of one pair induces equal and opposite rotation of the corresponc ,of

|l evers of .the other pair whereby the base plate is maintained in a %
°~¢wede$ern1ned | ocation. 2.. An articul ated vehicle according to d ai'm

1 wherein the torque transni'tting nmeans includes gear teeth on the 14
_levers with the teeth of. one | ever of the flrst pair nmeshing with teeth of

~a correspondi ng | ever of the second pair. J An articul ated vehicle
\aaccordlng to Cdaiml or Caim?2 wherein the predeternined | ocation is

equidi stant frqmthe twb, chassis art| ul at ed yehicle_accordin to
ary one of the%ﬁ"eﬁe@e’tfr%gii‘ﬁalﬁe%ePg' °%ﬁc q"e?ﬁar %s hnEdESF B2
‘respective chaseshbygl wikh pewtttablfyacoone@sgxbmhm@elemdrt@ftmelmebnand
at the oppositegnd to the chassis. 5. An articul ated vehicle according

to Caim4 wherein 15 the links are connected at a conmon point to the
respective chassis. 6. An articul ated vehicle according to Caim3

wher ei n t he spi \aot axizh Qfrdikebasa n}eail%L@CAdd&d&aﬂgd DerdiHa BXbS éQa:.ﬁf
the coupllng ﬁlare coj,nc

ul ated vehi accor
to Claimé6 whe et‘?l%l?o‘?‘bﬁepf?éﬁgﬁrﬂﬁ‘h§r?e%ﬁ§t68ﬁp*?s@qﬁé‘ét‘h ag
teeth t hat neslthen twioe cinaissisf. rotati on of the base plate. 25 8.
articul ated vehicle conprising a first chassis and a second .chassi s, each

havi ng an out board end and an
4. An artlculated vehicle according to any one of the

10 preceding claims wherein each lever is connected to a
respective chassis by links pivotally connected at one end
to the lever and at the opposite end to the chassis.

_ 5. An articulated vehicle according to Claim 4 wherein
15 ‘the links are connected at a common point to the respective
" chassis.

6. An articulated vehicle according to Claim 3 wherein
the pivot axis of the base plate and the said vertical axis
20 of the coupling means are coincident.

7. - An articulated vehicle according to Claim 6 wherein
the torque tranémitting means comprise meshing gear teeth
that mesh on the axis of rotation of the base plate.

25 | | |
8. An articulated vehicle comprising a first chassis and
a second chassis, each having an outboard end and an
inboard end, coupling means interconnecting the inboard
ends and including vertical pivot means to accommodate

30 relative steering movement of the two chassis about a
vertical axis and horizontal pivot means providing relativa
pivotal movement of the two chassis about a transverse
horizontal axis to.accommodate relative vertical movement
between the outboard ends, a tunnel interconnecting the two

o * € L M 5 *



| pbO]rd end, coupli.ng neans interconnecting the inboard ends and incl udi ng

cal pivot neans to -accommpdate 30 relative steering novenent, of the
thassi s about a vertical axis and horizontal pivot neans providing < 2
: otkive pivotal novement of-the two chassis about a transwverse horizontal

. axis.fo accormpdate relative vertical novenent between the outboard ends, a
“tunnel i nterconnecting the two - 15 - chassis and pivotally nounted for

" novenent about the transverse horizormal® axis, and a nechani sm for
congrol | i ng novenent of-the tunnel about-the horizontal axis, the nechanism

a base afe pivotall unt ed ,on t he .tunnel vement o/
Gbout an axis cornRPaERiaN (e YRe B BGRR, dor mod Sl Rep i eRes
| evers pi vot al | ytnmmedse)mdmm @xitss, @mda of imeshapiiset fipirn doucmmdlng
between tHe vert RfTthd Nl Sladdifts Uit rBraaEadaP A o0 chBYr S

pivotal ly nmounte on t ase pl ate second pi vot
bet ween t he vertm%%ma%k$% P HEl B o RR S Pddts, R%M@t@éQQUQOPP§ﬁ§nPFt|ng

means connesti ngchdethnisl Pow mmuiutwuomwfad %varss clofinE:Qrd‘é%Q w1th the
transmtting relat1$nsh| %%%ﬁ rot Q of .eit | ever first

pair about the f??% #Rir-g d18ﬁ§5§'PéVP F Yon of a
respective | everm@tﬁntdn@ e clorel t}mse wltaj:lﬁ drhe fdowertd pliviet phia flweapadrs of
| evers bei ng conpeelesh t ék\?e:rﬁscﬁae] éhaes q;gisstlh% Y% eV Qhed slils nk? wher eby,

upon rel ative novenent. between ssi s about said horizont'al axis, the
" pivoted |inks anﬂe?%%d2@alrtQﬁcﬁﬁyq%%uﬁﬁﬁqq§¥%§|ﬁ9%¥§e@n§@réhéqﬁéﬁeaﬁéate

opposi te NMOYENMEN$n 04 & €K FREPO NSlin A dRMRYES bftweeh thal ve?Radhll BRis ..

respective pIVOF généhe_second cha331s, and torque transmitting. means

£

connecting the first and second pairs of-leveré in torque
transmitting relationship whereby rotation of either lever
of the first pair about the first pin induces an. equal
15 and opposite rotation of a respective lever of the second
| pair about the second pin, the two pairs of levers being

connected to the respective chassis by pivoted links
whereby, upon .relative movement between the chassis
about said horizontal axis, the pivoted links and'the

20 torque transmitting means ensure equal and opposite
.movement of the correspondlng levers of each pair about
the respectlve pivot plns.

9. An articulated vehicle according to Claim 8 wherein
25 the said pairs of levers are arranged on the respective
' pivot pins such that the levers extend to obposite sides
of a line extending between the vertical axis and the
pivot pin. ' ' |

'30- 10. An articulated vehicle accordlng to Claim 9 wherein
the plvoted links associated with each pair of levers are
connected to a common point on the respective chassis.

11.. ~ An articulated. vehicle accordlng to Claim 10 wherein
35 the torque transmitting means comprises gear teeth - on the

_—_;___;__;____;__—e
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. 9. .An articul ated vehicle according to Caim8 wherein 25 t he sai/f

‘pairs of levers‘are arranged on the respective pivot pins such that the
,Ievers extend to’ opposite sides of a line extending between the vertical
axi s 5~H t he pivot,pi.n. 30 10. An articul.ated vehicle according to
“Claim 9 wheréin the plvoted | i nks .associ ated with each pair of levers are
tonnected to a conmmon point on the respeeti ¥ Ghassis. 1.1. An
(@rticulated vehicle according to Caim10 wherein 35 the torque
transmtting means conpri ses gear teeth on the - 16 levers, the teeth of
~adever of the fPYEFSpatpei keekhechi agleven Q%etheoﬁlzstxpaffnanHEMbéﬁmwﬁ

of the second paith teeth on a corresponding lever of the second pair.
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