ARTI CULATED VEHI CLES The present invention relates to ag;gggqﬁggq_ hi cl es, i
=gnd in particular passenger carrying articulated vehicles Suc S St eet
years. It is well known to articulate vehicles to enable themto negotiate a.
tsymller radius curve than is available with a rigid chassis.vehicle of *
conmpar- able length. Conventignally such vehicles are articulated at the
m d point of thevehicle so th The front and rear wheels of the vehicle{ .
foll ow the same curve. In these passenger carryingvehicles it is generally

desirable to h EIEBEAEQB.Wﬁﬁiqgﬁgof t he vehicl € i'nterconnected in a

manner that alloWs novement 0 € passengers fromone portion to another.
This avoids the need for duplicate crewand entrance and exit doors. Such

i nterconnection is usually achieved by nmeans of a tunnel structure arranged
at t hePhe (PEasaREoAnyENtion, KhlakeR P AFhicnlatefa¥yedSA8® Such a tunnel

structai@ {iSpaPeidalad’PdslsRmao TRy tngOyeERau1ARREEN the two vehicle

portion | le still proyidi an adequat e passageway between the vehicles.
- 2- Th‘éé@‘ﬁ%*%?esﬁﬁ aﬁe%ﬁ@@rﬁg&aﬁﬁ:bmmdate hori zontal curves; that is

steering novenent about a vertical

It is well known to articulate vehicles to enable
them to negotiate a smaller radius curve than is
available with a rigid chassis wvehicle of compar-
able length. Conventionally such vehicles are
articulated at the mid point of thewhicle so that
the front and rear wheels of the wvehicle follow the
same curve.

In these passenger carryingvehicles it is generally
desirable to have the two portions of the vehicle
interconnected in amanner that allows mcvement of -
the passengers from one portion to another. This
avoids the need for duplicate crewand entrance and
exit doors. Such interconnection is usually achieved
by means of a tunnel structure arranged at the
articulation point to provide the reqﬁired passageway.
Such a tunnel structure must be designed to |
accommodate movement between the two vehicle portions
while still providing an adequate passageway between
the wvehicles. ‘
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(i i ' i . i f the track belng_ -

axis and vertical curves, that i1 s change of |nclyne o] \

negoti ated. There is also.a 5 tendency for the two hal ves of the chasst’s

e about the longitudinal axis relative to one anot her due to
unea§Q%LL§t|n the track orgthe spiralling of the track that is usually
foufid at’ the start of a curvein a trackedavehi cl e. Such oscillation 10.
ténds to.cause | ateral di spl acenent bet ween the two' passenger carrying
poftions of the vehicle and this is geneérally undesirable where a
passageway i s used to connect the two vehicles. Such displacenent is he
usual Iy preventedi®§ Web#aslefmups beambhe assanhbmmbaat@MMdﬂlz@%&%QPt5 e

two cars and pern&ﬁﬁvége gﬁgtcys gggégg geﬁggggehge tﬁl§ga£§¥ es mhlch.

t roduce the, Iatera -di spl acenent "are reacte
??3?d|§ Eonnect tHELEatRd apeiEient FBRAYRBudLhAL aslsnangem@rlhhuin@eqU|res

20 csfru'EéUtﬁa&@ being! abpyeirkar 9e ANV i i ew of the
;QSnP$3éengf the es | osed%lF%rt %r this earlnges?ruc e s
necessarily acconnD ?%%Yb Pat tﬁ%°tﬁﬁﬁ§?359fuébﬂr@haﬁéﬂé ¢pace is at a

premium 25 Accscilipte amprﬁsen1$g$ygﬁg§§?ét hois bgéggggbdgﬁaSSI s,
cach having an ouibeat o MRS, pEitatERa; LEohhe: Fgarkans the
_|nterconnect|ng1ﬁﬂ$4@ﬂkkn$iQﬁmﬁheumracklumang%3gﬁ§ﬁ§§§?gfﬁﬁggpﬁgngg%?lgg
I hogpeen A M Badhee VEERS LolRRibsha Thbit
the tends to cause lateral dlsplacement between the two
passenger carrying portions of the vehicle and this
is generally undesirable where a'paSSageway-is used
“to connect the two vehicles. Such displacement is
_ usually—prevented by means of the bearing assembly
15 which connects the two cars and permits the articu-
lation between the cars. The forces which tend to
. produce the lateral dlsplacement are reacted at
this bearing to rigidly connect the cars .about the
longitudlnal axis. However this requlres the bearlng
20 structure to be relatively large and heavy in view of
the magnltude of the forces imposed. Further this .
bearing structure is necessarily accommodated beneath
the tunnel structure where space ‘is at a premium.

25 According to the present invention fhere is provided
an. articulated vehicle comprising a first chassis
‘and a second chassis, each. hav1ng an outboard end and
an inboard end, coupling means 1nterconnect1ng the
inboard ends and including vertical pivot means to

30 accommodate relative steering movement of the two
chassis about a vertical axis and horizontal plvot
means to accommodate relative pivotal movement of the
two chassis about a transverse horizontal axis, the
coupling means further comprising linkage means ver—

35 tically spaced from the horizontal plvot means and




'-E \chassis about a transverse horizontal axis, the coupling nmeans further .
onprising |inkage neans ver- 35 tically spaced fromthe horizontal pivot "

s and -3- including a first link pivotally connected to one of the
zhassis for nmovement about a vertical 3axi s and a pair of transverse |inks

t'ending between the first link and the other cha55|s t he transverse .
|1 nks, being 5 connected to the first link at. spaced | ocati ons by kaﬁ‘
vertical pivotirelwéingoasfiospelank nmveﬁadﬂyohOMManeﬂnnunameIomks in a

“general ly hor gt ghaghageryhenshhnblie LHRIRVE S2rdiles WS A vt a

novenent of the first Iink to rnhibit relative |ater placenent
of the two chaR3}8 oBytransperpagliekat ievéméti@eawedqwe@ractémrﬁlﬁtthe t wo

chassis at theyLmektigal tuasaaseﬁl baa%uen chhettne%@,sr\é@fs%eﬂ 14 U Qyd de a
degree of torsjional t he aforesaid tendency of

the two chhssi®® '?'be%é%ﬁg E‘at gh?ef‘af?v EPBEoﬁé'f -FRACREr LGEHLI e B¥bNngi t udi nal |
axi s of the\uwemﬂrnaﬂTmuvoaneuBneethbantar@e?hﬂ%eh@ﬁémdﬂvﬂﬁiﬂﬁﬁbtO t he

first |.ink or anp. L vot C etween the first.
1ink and t he c assgié}gﬁ %ﬁg ﬂb%ﬂ %eﬁFnSFaihg ﬁﬁF ﬁPP%#imﬂxaQﬁbw be

descri bed by vehergbexting transyensehliaker oppeseo ptilve tadc aroveusnt ng

drawi ngs.in Wyghne rirst link to inhibit relative lateral dis-

10 'placement of the two chassis.

By 1nh1b1t1ng relative lateral displacement of the two
‘chassis‘ at the. vertically spaced location, the transverse
links prov1de'a degree of torsionai rigidity which opposes
15 the'afdreSaid tendeney‘of‘the two'ehassis to oscillate
_relative to one another about the longitudimal axis of
the vehicle.' The transverse links are preferably connected
' to the first link on opposite: 31des of the. pivotal connec-—
tion between the first link and -the chassis.
20
- An embodiment of the invention wiii.now he'described
by way of'example_only with reference to the accom-
" panying drawihgs.ih which:

25 Fig. 1 is a general side view of an articulated street"
ecar; ' ' '

Fig. 2 is a sectional elevation of the central portion
of the street car shown in Flg. 1;

30

35
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25 F’l}; 1 is a general side view of an articulated street car; Fig. g
a sect.iional elevation of the central portion of the street car shown. T5
fig,l; 30 35 Fig. 3is aplanwviewof Fig. 2,-Fig. 4is a scherrati
pha vt ew showi-ng the |inkage of Fig. 3in dlfferent operating p03|t|o-
the.street cars wwth Fig. 4a shomnng t.hg |inkage with the cars in a
stralght hori zéontal position, Fig. 4b showi ng the street cars negotiating a-
hari zontal curve and Fig: 4c shomnng the street cars negotiating a-vertical
curve. Fig. 5is a section on the line 5-5 of Fig. 2 FIGURE 6 is a
section on th&igi.n& i&&qﬂdngﬂrew@ﬂzlﬂﬂz,ls a series of diagrammtic

representation showing in plan and el evation the operation of portions of
the tunnel structure shown in figure 2 with figure 7a showi ng the 5

street car i nFidd9gededd &y sehemadiicnplamns poilav i srewing ke 7391 ng the
street car negel Fdlg.n®y arf GIERETHY [detatiitid/ it {diil!IGE Aen&howi ng the
street car negotiating a conyex vertical curve
_ treet cars with Fig. 4a showing the linkage with the
cars in a straight horizontal position, Fig. 4b showing
the street cars negotiating a horizontal curve and
" Fig. 4c showing the street cars negotiating a

vertical curve.

Fig. 5 is a section on the line 5-5 of Fig. 2
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FIGURE 8 is a section on the line 8-8 g figure 2. 10 FI GURE -9 -
Is a section on the line 9-9 of figure*d. FIGURE 10 is view on an enlarged -

Rom i cular 11 gur FAUBR & ipcll ABERIGR AR en L et “petcod BaltR &V 1" -

jener al | ’ d, 10 i ead] | il i f
Che cars 12 SAPTAET ot poaPEsasop s SFdrindfle FePREsBrbatso” 17,

\one ears 12 af e . . an res It |
s AR i She) TESLELTOR TS SRR {oTRE BEREIRL O Wy, |
cay e i & 20 ts a i ot oy
T4 1o aER T ARt B ERORRCAR (gD 2 WINE HEGR-Q 7R BoMF el

- ase conngelad Ef"és? iHertherZig.&Oth a1{§pGhiV oDV eieRirealt a .

vertical axis ghated™VV on tigure 2 to provide steering ndovenent and

about  a Ry iAR e a§£§eQ€§rﬁSBah§§p:ﬂ iia'lifd%l& Gedhddvacéareneale cifrve an

changes i n el evation.. e details of the turntable 24 and the :

Connect@@qa e 17 SR6Widg théd bheeeko cadn lwfdt et f8gnai Bohvew fert Akl 5.
The turntable 24 conprises of transverse bolster 26 to which are rotatably
mount ed dyier@jheel sets of the bogie 20. A bearing 5 .assenbly 28 is al so
mount ed on the bol ster 26, and conprises an outer ring 30, intermediate
ring 32 and an i rMEGURENG. 34. a deptiionnion ates Bine 38-8oofie€tigure @i er and
internmedi ate and the inner and-internediate rings respectively. The rings
300 32 and 34 nayFIGEREf9riksrat apetionaion/ e bire adePhof Liguren 8.
o FIGURE 1d is_vi¢w on an enlarged scale on the line
10-10 of figure 9.
Referring now to the drawings and in particular. figure
1, an articulated veﬁicle. in this case a street car,'genexaiiy
15 designated 10 comprises a 1eadin§ car 12-and a trailing car 14.
" The cars 12 and 14 are supported on ieading-and tréiling bogies
16, 18 respectively and by an intermédiaﬁe boéie 20 positioned
between the two cars. The intermediate bogie 20 also supports a
tunnel structure generally designaéed 22 which interconnects the
20 interiors of the two cars 12, 14 to allow movement of passengers
- petweén the cars. The cars 12.and 14'are'éonnected to a
' turntable 24 to accommodate relative movement about a vertical
axis designated VV on figure 2 to pfovide steering movement and

. about a horizontal axis designated H in figure 6-to'accommodate

" 25  changes in elevation.. h R




110~ generally vertical axis. The internediate ring 32 is connected
«transverse bol ster 26. - The leading ck¥ 12 is provided with a pair of
2 support beans 40 which project rearwardly fromthe car bel ow the
v gemeral . | evel ..of the passenger carrylng conpartnent. and are 15 . bolted to
; the outer ring”30. The trailing caf 14 also includes a pair of support
beans 42 which project forwardly fromthe car in spaced parall el
farelatlonshlp ‘The ®hdsdetatile ofprhe thoarkabiz 24 and ethe oconnectdon of
%%l f-aligning bearing assemblies 44 which conprise an outer race 46 and an
i nner racthd8cargaiR,ofl42¢hereitive caac bestade sggnrinafigaresnd sndf fce so
i that the inner race can adopt a w de range of positions relative to the
i outer racBheThurnhabler3deccoppirdses of dranavexaedelstort 36 tecwhich are
i -transverse shaft 52. The ends of the shaft 52 are supported |n upst andi ng
E ears 54 vme‘eatabéywpve&eeotmewmeér setfy ot e thrgds 20. pelr PRATEITeNb y
s The two cars nmay therefore rotate rel a one,anot her

-gbou? a gEﬁ%?%Piy Gérﬁﬁcaﬁsaxweumﬁﬁﬂmqmlf Qegﬂﬁqt?FIé E%? v%?ﬂBVéﬁEﬁtan
A -

bifx‘?ﬁl&l 28tad FradydopaimteTaREtats ming GF %‘é 4 155 Ei89, 800 g§ "

Eﬁg.ereat o 2886 F8. Hased 53«[ 380 FoRa ttrfrﬁq €gal’§3r 1564 heaFaEE 5 e they

roof 6€H$%ﬁb%n§s re dggt% E& es'ﬁﬂ@lfﬂgég 301h92 and

I | nkage | ve | at era di sp acerren ﬂet ween
34 may therefore rotate relative to one another about a

10 gene:ally vertical axis.
. ‘The intermediate-ring'32 is connected to the transverse
bolster 26. The-leading car 12 is provided with a pair ef
support beams 40 which project reerwardly from the car below the
general.levei,of the passenger carrying eompattment and are
15 'belted_to_the outer rin§_30. The trailing car 14 elso includes
a pair of support beams 42 which projeet forwardly from the eaf
in spaced peralle; relatienship, The ends of the support beams
42 ere bored to receive self-aligning bearing assemblies 44
which comprise an outer recel46 aed an inner race 48. Each of
20 the racee has a spherical bearing surface so that the inner race
can adopt a'wide range of positions relative to the outer raee. |
The 1nner race 48 is bored as zndzcated at 50 to receive a
-transverse shaft 52 The ends of the shaft 52 are supported in
upstanding ears 54 which are bolted to the inner ring 34 of the

25 = bearing assembly 28, The two cars 12, 14 may therefore rotate

. e a
i e v e 1 St o+



O\ cars -at roof level and thereby provides torsional rigidity to inhibit .
anative twisting of the two cars about a .longitudinal axis through the -
dr coupling. 15 As can best be seen in Figure 3, the |eading car 12
udes a | ongitudi nal beam 62 which prgjects. rear- wardly fromthe roof *
_the car 12 on the centre line of the car. The trailing car 14-al so e
-ncludes a pair 20 of 1l ongitudi nal beans 64, 66.which are spaced on \Jﬁ
beam

opposi te sides the centre line of the car _14. Th Ionitlk?éinal.
PP bivet ol I5ftatee  ER PEenaRPrBEroaBetY A RsnebF iR oAl EF bR ey
m dway al ong twieic¢h nkiEB. rénaléndn72edhtive moviemedti dgtiwexdmltlye connect ed

by a. 25 - connection 74 to_a fi trapsyerse | - [nk_76 is
connect ed by aq}grgﬁ%e%‘t’%o%&%gt%i%%%'beg% égﬂe %iar%ﬁn?rﬁ%’%’t ht-eqégt éeir1’J'(e'nd 80 of
the |ink 68-i sakbgmbegcbedyioanassendhiss ¢ @esaddndne draiskins | ¢alk. 82 .
whi ch - - 5*'1f&”ib'ﬁoEQ@QEQPSQtb¥7geﬁ§gﬁgﬁg'%%r%@&ﬂ%éﬂ“%ﬁ%?”?éﬁ%tf@% The

first and 'second transverse Iink generally parallel to.one

anot her and .t He® chfeterdingrgar7gndginggymgdizte Hagig (hARreIBPermit
pi voti ng novergdfe apoptidatepgrabky vertical axis. The pin 70 is
coincident with the vertical-axis V of the turntable. 35  Upon the cars
12, 14 negotiating a horizontal curve, the cross over link-78 wll rotate
about the pin THe cars 12, 14 are also connected at roof level by

10 means of a linkage generally designated 60. The linkage:

6b'inhibits"relative lateral displacement between the
two cars af roof 1e§el'and thereby provides torsional
g .rigidity to inhibit relative twisting of the two cars
about a longitudinal axis'thrdughfthe lower coupling.'
15 - o o - | o
As can best be seen in Figure 3, the leading car 12
‘includes a'longitudinal beém"62*whi¢h'§rojects rear-
wardly from the roof of the car 12.on the centre line
of the car. The trailing car 14 also includes a pair
20 of longitudinai beaﬁs64, 66. which. are spaced on opposite
sides of the centre line of the car iu. The longitu-
dinal beam 62 is pivotally connecﬁed to a cross-over
link 68 by a pin TO positioned midway along the link 68.
One end 72 of the link 68 is pivotally connected by a
25 connection T4 to a finst transvérse link 76. The :
~link 76 is connected by a connection 78 to the beam 64.
Similarly thé_othgr end 80 of the link 68 is connectéd -
by ébnnectioh 84 to a second tfgnsverse link 82 which -
in turn is connected by a connection 86 to the beam 66.
30" The first and second transverse links 76, 82 lie
: generally parallel 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 axis V of the turntable.
'35 _



.to permt displacenent of the cars 12, 14 about the vertical axis V. The
orientation of the cross over 5 link 68.with the transverse |links 76, §
,remains constant so that a sinple pivoting novenent is achieved about t
pima~70. Thirs arrangenent can best be seen in Firgure 4b in which the cars _
12y 14 .are’negotiating a left hand cqjgpu_Upon the cars entering a vertical
' gdiéonvex curve, .the leading car will drop relative to the trailing car
Thi's novenent i s accommpdat ed about the transverse shaft 52 and causes a
di spl acenent i e il s0f t | oI s td e r 14.
Thi s displ acerrgr?%lai stﬂgigtglnr%bda}“tfec}mg ng;%?vto%%a‘{ﬂ%véé\ggn%&l%%% ﬁﬁa&?f ansver se
links rel ativeth§ CROSSuPYST -%@é‘ngy%ﬂl%"%ﬁf@%]aﬂlﬂ‘hﬁ i #inhElcross
over |ink 68 aBgubelrth@ tPidl sHl.ackaedtsett hthd rasyerse 14 ko t92 are
substantial ly QaraLler and of equal length, the dis- placenent of the
connection 74 dRFCEFULAEISh sitdE AT IHAHL Tt G i FRPIBF TR vehicl e
iE equaL and ommﬁkiﬁé whmw1ﬂwkéuﬁmwﬁvuﬁféﬂiﬂnkscm&uiSHlKémé%gFank 68 .
about the pin 70Q. i rrangenent_.i s.shown in Fiqure 4c in which it w
bo seen that |t AensraE 36LIMAE R aamba e Rikddhnd, B Genint i W aeted),
about the pin @ZboR% the a@linmowWlt.he Thdrs Brnangementte adbotesthebdoseéemniml
axis Hrelatives; h@ut zai L} Cah 14, t T 14 60 does
ot i nhi bi ¢ 1 hetEArENaD! 18 Ml the Garlitie ) 0 Y dGUGad AN |
vertical axis.leftupsndacusivee t Froqudde slans anteniong my e bkeedl t he
10'.eonvex curve, the leading car will drop relative to the

trailing car. This movement is accommodated about the
transverse shaft 52 and causes a displacement in the *
position of the pin 70 relative to the rear car 1.

This displacement is accommodated by pivotal movement

15 of the_transverée links relaﬁive to the support beans
' . 64, 66 and by rotation of the cross over link 68 about

the pin 70. .Because the transverse links_TG, 82 are
substantially parallel and of equal length, the dis-
placement of the connection 74 and 84 to either side

20 of the centre line of the vehicle is equal and opposite

which is accommodated by rotation of the link 68 about
the pin 70. This arrangement is shoﬁn in Figure 4c
' in which- it will be seen that the cross over link 68
. is rotated in a clockwise direction about the pin 70

25 to allow the car 12 to rotate about the horizontal

axis H relative to the trailing car 14. Thus the
roof level linkage 60 does not inhibit the articu-
lation of thé'cars about the hdriqontal and vertical
axis. ' '

30 _ _ :
Upon a force to cause relative twiéting between the
cars 12, 14, about a ldngitudinal axis, due for example

- to an uneven track or to the banking of the track, the
linkage 60 operates to prevent relative lateral dis-

35 placemenﬁ at roof level between the cars. The forces

causing lateral displacement, diagrammatically
indicated by arrows F in :




. . {
J1R, 14, about a |ongitudinal axis, due for exanple to an uneven track *
t\ne banki ng of ‘the track, the Ilnkage 60 operates to prevent relative
di s- 35 pl acenent at roof |evel between the cars. The forces e
|'at er al di spl acenent, di agranmwa8ieally indicated by arrom5 Fin

' -9 - Figure 4a,act to nove the |ongitudinal beam 62 toward one of the .
'beans 64, 66. This would cause the pin 70 to nove-toward the beam  for (¥
exanpl e.66, soFigaretha ,8etontiot mamey&hse longli tydipad deaehda Sawaike
rotation 5 = of éhsfcmésbeaﬁs bunk668 alpgyts m%ml Raldd pn ﬁrﬁwo
cl ockwi se direction wever, such rotation is %ted by the first
‘transverse |inke 7Bowertayasd the 86583|€€rsF&@ 8 piSP Fhado et the
_}‘orﬁes tggdl ngs&ﬁodfﬁt eﬁahbyaébls.ptmae Blaew@axrlssi J;Analztoarmmﬁsaf &tmm/on he 10

i nkage orces are_ also.r SI te ransver shaft erating
t hr ough t I%e be%f heatEemBI 9"25 fiﬁ’ Fard ?eoa 1y ifet aoné) -
-centre line ofclhekwfheCHErecEMenproﬁpwemenﬁ auahrnnﬂaﬁunnﬂlslnﬁagﬁtﬁw '
t hus enabl es t I t Sﬂ%ﬁ? Qﬂﬂﬂ?gf% much
smal | er forcesgfh ﬁngEPae Egpﬁ¥§§§§e&1ﬁ§ qgge qggtdﬁne structurg 22 is-
. supported on asidenefetbe. DeanﬂQGSﬂhﬁ@Htl§h@bﬁﬁﬁﬁﬁﬁiQ3P%ﬁ¢% to the

outer ends 20 lQéePQil?ohiEsﬁ.agﬁ ReSeRPd N O &re reldiEstidiSbpSthe

10 linkage 60. Such foreces are also resisted by transverse

shaft 52 operating through the bearing assembly 28 so
that the cars remain alignéd on the centre line of the
vehicie,. The provision of the roof level linkage 60
thus enables-ﬁhe bearing assembly 28 to be designed
15 = to accommodate much smaller forces than would otherwise
' be the case. | e

”Ihe“tunnei structure 22 is supportéd on a tfansverse

beam 56.which is connected by pins 58 to the outer ends
20 of the bolster 26 as seen in Figure 6. The pins 58
| 'permit the beam to rotate about a generally horizontal

axis to pefmit_the'tunnel‘structure to move back and
forth along the longitudinal axis of the vehicle. _
_fhe beam 56 also earries a pair’ of semi-circular floor
.25 plates 90 which are connected to the beam 56 by hinges

30

35
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. “permi't the beamto rotate about a gené®@ally horizontal * '-axis to peri
. the tunnel structure to nove back and forth along the | ongitudinal axis

'%. the vehicle. The beam 56 al so_carries a pair of seni-circular -f) oor_25

'] o plates 982uhi Theamedahrny &F the h@%‘én??’;ﬁcﬁyrﬁPﬁaeQ"B@%‘m%“ a¥ne

perlphery of the floor pl ace rests,-on sem-circylar recesses

or ovi dedTPReERESe 9y 35 (BROYIARS nip JHe t #Bds| ﬂg EHPS leading %eﬁ?ﬁ%??g

~ Upon rotation_qf the cars about_the vertical axis, | t bet ween
1 “Mhe flooF3FPat@ 9dhrPaPectivrly vslRPn EOFRELCR 95 tg'@ £ ubla

_f fﬁéeﬁﬁégabf LA S, lz%ﬁ?ﬁ%@??ﬁ’%f‘g{’—ﬁgeFf‘ogﬁemf&cf”f&rt ?Fﬁaf*sai?e@oabgm
9 100, 1
o Bt R Y IS Ba O | ek “Bng" Hgon” iyietl a%b%“izthﬂ

The'Shel 45,96, ag%,{i o rg;e {\?o 6011 F00EnbRe{ BE BRSS BN halgipeyhpe cars

and provi e a SnDo |t|0n eril or e vehi'c

tunnel SHENELUGS 311 Idedy bﬁlgbgm ey 28! o r%ﬁ&éﬁ%ﬁéﬁ%'iﬁe%,

98 connec to the n car |aneter han t

shells 199g ol%ve%%e Ch:hﬁ-t %iiﬂ&rfé&lléhell:geﬁad? Ao 2

i nclined sllghtly to the vertica s to provide a generally coni ca

struct ur gnji ERe atlef icRmnit UL Fedbedbfve hsakfsp%r%% tﬂmaitxﬁ; Qed ! ap one
another as the cars .negotiate a horizontal " curve.

10 trailing cars 12, 14. The shells 96 to 102 define the entrance

to the passageway beﬁween the~cars and provide a smobﬁh
transition from the interior of the vehicle to thé'tunﬁel
_structure 22. It will be observed from figure 5 that the shells
96, 98 connected to the leading car 12 are of.greater‘diameter

15 lthan'thg shells 100, 102 connected to the trailing car 14. The

._ shells are also inclined slightly to the.vertical axis £o

pfovide a generélly'coniéal structure. The differing diameter
_of the shells perm1ts them to overlap one another as the cars
‘negotiate a horlzontal -curve. )

20 . The exterior of the cylindrical shells 96 to 102 is
protected by a bellows 103 connected at opposite ends to the
.Cars 12,‘14 and supported intermediate the cars by a hoop 104.
The'hoop 104 is éonnected to the ends of tﬁe-tranSVerse'heam 56
and inclﬁdes.a pai; of verticél posts 106 and a horizontal beam

25 108. Depending from the horizontal beam is a hanger assembly
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SNpport ed |n1erned|ate the cars by a hoop 104. The hoop 104 is . .

€ teﬂléﬂcbﬂ?rﬁgd gota £ [GNSHOFEEcAEasuPPoREs 112 Wif @ PPossObean
posts 106 and a horizontal beam 25 108. Depending fromthe

 hor i zont &4 bea tent erdmge mexdmatiyny genéﬁamypdesugga&qmurmfigepivoaéd J

supports 112 and a cross beam 114. A centering nechani smgenerally

- desi gnaten 418ha$tpilléat &b mhea otodd ldamt for hmoveoenthedudtora nvectical

about a vertical axis. 5 ) The centering mechanism 116 i s best
seen in dxysres 7-to 10 and conprises a base plate 120 rigidly connected to
the shaft 118 for pivotal novenent therewith. A pair of pivat pins 122 are
mo@nted on the baFhepcsmterimamechanisnihlabis bessosesm ipni figwresofh

| evers 124, 126 respectively. Each of 10 __the levers 124, 126 conprises a
circul art®ek@ ang REWPAE s ©h bESTR IRkkel 120 rigpdly eensteqtrd pkei bhery
of 't he head. A | ever arm 132 is integrally forned with the head, 128. The

| evers 19Rft Bléerapévgrt#&ngwqwsrpﬁ. thegawikbn of PAG6PLYRS PinS

with the | ever arns 132 extendin in o 05|i§ dir ctlons on either side 15

of the |b4didERi RQRnLeds o the: 0spae ﬁ&%mﬁmt\’pl ns 122
h that the teet t 126 ar hed h t
Fotats o URPORES of BRAT Bfetoiib ey pﬁﬁizi% FRepRatir Sal BRgh ©

oRB8%or e FhyPa0ha"y “%rfg’feréesée%‘%?ﬁ%%%%ﬁ 5 vers &ﬁ‘ﬁ}aﬁ\ﬁée 9o *

- .struts

%%% formed ovet a port1on of the per1phery of the head. A lever
arm 132 is 1ntegra11y-formed with the head 128. The levers 124.
- -126 are arranged in pairs on each of the pivot pins 122 with the
| lever arms 132 extendzng in opposlte dxrectlons on either s1de
15 of_the_lpng;tudlnal 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 levers about the
bin.lzz will induce equal and opposite rotatien.oﬁ the other
.lever-about its‘pin 122. The extremities of each of the lever
_20_ arms 132 are connected by vertxcal vaots 134 to struts 136.
The struts 136 are connected to -a mount1ng 1ug 137 on respective
ends of the cars 12, 14 by means of a vertxcal pivot pin 138. 'A
top plate 140 is mounted in spaced relat1onsh1p from the base
':plate 120 and is secured to the base plate by plns 142.

25 . Upon the cars 12, 14 rotat1ng relative to one another

d




]

l* The struts 136 are connected to a nnun}§$g | ug 137 on respective ends of

" “the cars-12, 14 by means -of a vertital "plvot pin 138. A top plate 140
mount-ed in spaced. rel ati onshiip from-the -base plate 120 and is secured tYQ

- t pesbase plate OYe PhPsizbhtalaxis H, the mdft i ﬁﬁjﬁ 137 #4110Mmdiviend

{ rlelative to one anot her ~about the horizontal axis H the nounting |ugs
137 Wil difer CRAEFAt 8¥RARaPT £2BRY ehicticANdL Wde/akp theYdiBeadicet ance

Ystween them This novenent is transmtted through the struts 136 and

causes r Wedvwddn ofthéhe reRpschbvement liavaranddttletd thirSugh ehpositiats

di rections about the pins 122. Because the teeth 130 are in nesh, the

equal andi3ppEasd teauséat robabtlohhe fother meaipeatfivevire levenduild,wii2éh irs

. only achieved if the cross beam 114 remai ns centered between the two | ugs

| 1375 Thwoppowite hdicectitcls abopsgbhieatpimp 422y t iBedausevihet heetdnildq ng
10 mechani sm 116 operates through the hanger assenbly 110 to nove the

- hoop 104 amel imeneshnstbeseqnainabd sppositie gotatism ofnthai othey, PalL
bel l ows remain centered between.the two cars. Negotiatjon of a horizontal
curve i s aftdayrrshie bpduced whiche isi gdylachiegeqd ot it thg g5086 beam

- respective pin 122 in the 15 sanme sense, which is matched by equal  and :
“opposi t e MdibsFerainntcenteredobrirepn the twe, duags 37 4 2 eThushupedntds ng
mechani smtherefore effectively rotates about the meshing teeth 130 to
accomodfars He? hot4 ZRegarietingsa Xerfdcal |Guate q4uhe sCeREREANGd on the
trqf verse heam 20 -~ 56 and by the hogp 104 _to seal the aLea ggtmeen t he
part¥ cyl mRFHasR L1 6 soperagesothrough the,hangsr aasembly) 440ste move

“‘the hoop 104 and the transverse beam 56 about the pins 58. 1In

this way, the bellows remain centered between the two égrs;
iNégotiation.of"a hoéizontal curve is éccomplishéd by both Qf éhe'
links 124, 126 rotating about their respective pin 122 in the
15 same'génse. which is.matched by equél and §p§osite”dispiacement
t of the 6¢her pair of levers 124; 126. The centering mechunism
:'therefore effectively rotates about thé meshing teeth 130 to
accomﬁodate the horizontal curves. |
_ A tunnel liner 144 is supported on the transvezse.beamf
20 58 and by the hoop 104 to seél the area between the part
" eylindrical .shells 96 to 102. The éunnél liner 144 inciudes a
" pair éf-side panels 146 which are connected to é_pair of :
_ ouﬁriggers 148 mounted at opposide ehds_of £hé_tr#nsvetse beam
. 56. The side panelé 146 are also sﬁpported byivertiéal posts

- 25. 150 which converge to meet a horizontal roof truss 152. The -



of side panels 146 which are conneé&ed.to-a pair of outriggers 148 = °*
ad at opposide ends of the transverse beam 56. The side panels 146

sorSHRPRLLEE B2 ¥itidiils POSd fsPersel FOAcHBIsE tHE EidiSe] O1 TREL 244 -
Tzgntal roof truss+*152. The . “'roof truss 152 extends

depe ding fromthe cross beam 114 of the hanger assenbly 110. * The sid

panel s 1#64a6¢ ehennangert assdnsiy PRIGL | PRevBide pandis B4ppeeéed by the
roof 5 . truss 152. The tunnel liner 144 therefore noves with the hoop -
104 undetohhectadl tenaec rob f [pamen} 36 i wigi eRchanalsol sapgddrted | bpethat edof
that the tunnel structure 144 is displaced toward the |eading car 12. This
i S5t 0 cotypessal§2f.or Thiee tainfedr dntnair a4 ethetefbe esmelviess 36 t198thachdop,
102 to 10 equalise the spacing between side panels 146 and -the adjacent
" shell. 1%04iwhdee &pperdafivendehaf dshe heesterdngcaechbamiegotibées vertica
curves, the side panels 146 and the cylindrical shells 96-102 wi || nove
rel ative to one afibt Wdlllbe ngiimd theet hthezbunaklasitxudtundidbts nbsnal
ci rcunst ances, such novenent woul d cause the cl earance between the panel
146 and dirpiriredchowand ithep heading orar t 18- hefhhs dis thee qompendatedfort o
: the inclined |ine of contact of the panel 146 with the cylindrical surface
of the. sthe|diffarengadiametesd of dieighells BbebP8mand 1RQ, sLO2i toent
clegarance nmust be |eft between the panels and the shells to allow for the
H Gnumﬁﬂﬁé#bﬁﬁethﬁiéﬁaCing between side panels 146 and the adjacent

shell. _ |
. It will be appreciated that as the street car 10
negotiates vertical‘éurvgs, ﬁhe side panels 146 and the
cylindrical'shéil§_964102'will mové relative to oﬁe another
15 -abbgt.the horizontal a?is He Under normal circumstances, such
'movement‘;ould cause the clearénce b§tweeh the péﬁé1'146 and the
adjacént:shell.to véry aldng the height of thé.pénel 146 due to
the inclined liﬁe of cdntact of the panel_l46 with.the '
cylindrical surface of the shell. Tﬁiélha;-created.a safety
20 problem in that sufficient.clearance must be left between the
Eanéls and theIShells to allow'for.the ﬁakimum clearance which °
alSo_réSults'in a_gap being left betweén the pahela;ané the side
_ wallslto present'a'safety hazardﬁ lfb overcome this ptoblem. the -
~ side panels 146 are formed from a étationary portiéﬁ 160 fixed

25 o the outriggers 148 and to the roof panel 156. The'stﬁtibnary

‘.
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'also results in a gap being left bet ween. t he panel s and the side walls to

present a safety hazar d.

“to(The roof pangl 156.

To overcone this problem the side panel s 146
formed-froma stationary portion 160 fixed -25 to the outriggers 148 and®
The stationary - 14 - portion 160 is of a

generally triangul ar shape with the basd¥of- a triangle supported by the
outriggers 148 and with the apex adjacent the roof truss 152. A pair of

w4 angul ar fill et Eanel
P8n

the stationaryPBBF

86

162 are hinged along the 5 i nclined edge 163 of
&8 P8 Be85PEERAIVE S“d-r?r‘aﬁl'%al?%m% the al l el

to the inclinedaggeot63 ehtahgl&t %hlp@%ﬁ:)édp%ryt 121 oﬂlﬁ'l s eﬂEBaSach of

he fill l
emai nder of R&CE, BE°1805%,aRdREe Mot

M odh bal el 164 Fhioked

agai nst the cybrmdnguéhrsheﬂﬂstQ@ahelkOZ6§oaa$ Mngad(aMddgaahflls durlng

ot | zont al® cur SAC L PREdCoRER. 149 o,

1o Lacdio NG04 dedat iaf 10 a

i-.cal

n oneé anot her at

each side and bRepivpga #ecahpa@taneawggnrmn@uﬂ&ﬂq&ra%itkrﬁp<ﬁn¢w edges of
the fillet panghg)ifddregpknye3ubst %me' Bth) 1 6@ty C Yor ULV ETpn !

vehi cl e negotiating a
&?gs ﬁﬁ

20 .hori zont afd

onvex vertical

mﬁfcﬁhéa§§é§eﬁh@aﬁﬁﬁéra€ng§5ﬁGQtﬁ9<ﬂﬁlqRH#¥%J

curve, the'two cars rotate Bout t he

shells 96 to 182 &n angteawdyhf Fespeathte! ok rElRIFIGRIT e tdRidIPPEr

edge of t?s shel | s

panéls: 146.

The. outer

edges.164_are_b1ased against the

cylindr1cal shells 96 to 102 so as to follow: the shells
during relative movement between the cars 12, 14.

Upon the car”negotiating a horizontél curve, the cylin-
15 drical shells slide within one another at each side and
N the line of contact between the shells and the outer

edges of the fillet panels j62 remains substantially'

vertical. .

However, upon the vehicle negotiating a

convex vertical curve,

the two cars rotate about the

20 horizontal axis H which causes the upper edges of the

cylindrical shells 96 to 102 to move away from each

other.

The movement of the upper edge of the shells

is greater than that of the lower edge and, due to the
_ eylindrical nature of the shells 96 to 102, the dlstance.
25 between the top edge of each side panel 146 and its

respectivei#he&l'will be greater than the distance
between the bottom edge of the side panél and the _
However by hinging the fillet panels 162 along
an ineclined edge, for a‘given'angular displacement of
- 3Q. the filleﬁ panel relative to the stationary portion 160,
' the upper edge of the fillet panel will move a gréater
distahée laterally thén the lower edge.  This therefore

shell.

compensates for the variation in lateral spacing and
enables the fillet panels to closely follow the walls
35 of the shells and maintain an effective seal at all




b

eater than-that of the |ower edge and,due to the cylindrical nature of *
hells 96 to 102, the distance 25 between the top edge of each side .
146 and its respective shell will be greater than the distance .
en the bottom edge of thé si de papel_and the shell. However hy hlnglng _
the fillet panels 162 along an inclined edge, for a given angul ar
.dlsplacenent of 30. the fillet panel relative to the stationary portion ;_:
160, the upper tdags .of ﬁﬂksf4ﬂlﬁﬁc¢m%ﬁﬂshwwm mveigupecicepndi §hence i
laterally than 5*21%+%%f316%6ci Niifed 81968 OF én £OTBCASAL ESabR5 BN
~variation in |ateral spacin les the fil Eanelg to closely
_ follom/the walP@Qﬂ?VQﬁV%Wﬁ%Qﬁkﬂ9%?%&uﬂ$nﬁ?@%ﬁnlﬁnF% FEBt I Pe s&&l at al

15 tines. . Thi gash daast dcuRhomnud rbflmksﬁtiﬁgaﬂﬂet becronear aeageduat i on
where the vehicle negotlates a concave vertlca cury i_gure

F
7b. 1t has be@3Tddhd tHEitBaR BRIGHTT g i heP?RRHF N2l h#ﬁﬁeﬁyggﬁgfg he gap
bet ween the- pamueikﬁuhdﬁubcadﬂﬂﬁhtrmélﬁhséékedaatbelkftemesvahﬁ seal ed at
. all tinmes and therefore r e 2t o) of,#p 0 eOf the .
- passengers durFﬁ&r et ég%e %$ ng%EEPﬁgﬁgége§Fs?%%tfégggﬁés of -
t he |IIustrate@ftwmmemaﬂsanaansa@nrbma movenentenfethAgveRdRAR-sm 116 are
. separately clainmed in our co-pending divisional applications 8412282 and

8412281 (682139583A
' The characteristic features of the 111ustrated tunnel

structure 22 and of the centering. mechanism 116 are

R

anel

' separately clalmed in our co-pending div151onal
applications w-122%2 and %‘-I-\‘J-‘L%I (&—&1\35\3819

oA er@ 2129 %%za)

A ST TP P gruer S TF R L RSP B R T e R



* «and GB 2139582A),. - CLAIMS 1.. An articul at ed vehicle'conprising'a-'-
*first chassis and a second chassis, each havi ng an outboardend—and an.

i-nboard-end, coupling neans interconnectifg the j i ncl ugi ng
. ivggl\kcal pi vot. neans to 5 accommpddte re ative”' mm m' t of the”
NS st O«

twd chassi-s about- a vertical axis and-horizontal pivet yrea ccommodat e
:relative pivotal novenent of the two chassis about "a - transverse horizonta
Qggis; the coupli CuAIMSns further conprising |inkage nmeans ver- 10 tically
Spaced fromthe horizontal pivot neans and including a first. link pivotally -
~connected to one of the chassis for novenent about a vertical axis and a :
pair of transverde |inkédnerréigudg tisd: wedricliee dompnising arftinsle ¢haesis

chassis, the trapayeasgebbnlis -AGisad s15 e NN MCL8E (& R Edd ™ dddkadd.
spaced | ocations by vertical pivot connections to permt.novenent of the.

transverse |inks2Pniaog8Rar Py KOMPA ML MEFINHh - IR AL RS dMSer se
| i nks oppose pi vahdbaraverast 2ol ihe1hidislg Wercilcal Pivie nlmd ive | ateral
dis- 20 plqgenentcof tge'%WQ _h% sis. 2. _ lAn‘ﬁrti ugﬂ%qglvehicle
accordi ng to® O aPfePmRREALEN f’ﬁr@' ?’P’&nﬁf&e@'“ﬁ MEY NI L At 4D the
first Iink on opphasséssatiestor wee tdicadt alxicomnec thoridmitelerpott he
first link and-tggaﬁgigooggcgﬂﬁéﬁgie relative pivotal movement of the
' two chassis about a transverse horizontal axis, the
'couplihg means further comprising linkagg means ver-
10 tically spaced from the horizontal pi#ot means and
including a first link pivotally connected to one of
the chassis for movement about a vertical axis and a
pair of transverse links éxtending_between the first .
_ link and the other chassis, the transverse links being
15 connected to the first link at spaCed locatioﬁs by’
vertical pivot connections to permitxmovemént of the,'
transverse links in a geherally.horizontal plane
whereby the transverse links oppose_pivdtal movement
~ of the first link to inhibit relative léteral dis-
20 placement of the two chassis. '

2. An articulated vehicle according to Claim 1 ,
wherein the transverse links are connected to the first
link on opposite sides of the pivotal connection between

- 25 the first link and the said one chassis.

3. An articulated vehicle according to Claim 2
wherein the transverse links extend transversely on _
.opposite sides of said first link, and are-substantially'

30 parallel when the two chassis are aligned with one
another. | | '
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? "An articul ated vehicle according to Clai'm2 wherein the transverse
§ e?IeF? I[ansyersely on opposite sides of said first 1ink, and are
an ia

30 paraliel when the two chassis are aligned mnth one .-
E-n (Hlmlllllnlllﬂnllmullfcul ated vehicle according to C ai m<3 wherein the
e votal irst link to {he-chassis lies on the sai d

{vertical axis’ *An articul ated vehicle conprising a first ChaSSIS
and a second chass!s, each having an-outboard.end and inboard end, ,coupllng
~means interconnecting the inboard ends and including'verticaf pivot means-

t o accommodat relatlve steerl nt chas bgut a 10
verti cal aX|sﬁand hotz GRtE4C W%ékﬁ gﬁ% ég%ﬁ%n tggr§¥§%?vg pi vot a
movenent of thaaebaaemmaﬂynMOEnnreunn&ntmpnunnzbm@af’eatsllvhet@oGBP|ng

means further gﬁn%égﬁ qugg,ﬁgg?s VELi LA | yxppaced fromthe

hori zont al and operab nhibit lateral novement 15
bet ween the tmn chassis, the linkage neans including a first |ink plvotally

connect edg' nt gr medi At IS, 1S 4l OPn 0614 NeoRPAES B! &1 FIPYEMERBSASUt 2
vertical axis”and a pair of transverse |inks, extending between.the.first

link and the endem @W&QﬂQS°Q4ﬁ§%§aﬂ%@%ﬂs%aY+%$sa§0°ung?ﬁ &8An&8fed to
the first |ink AR ddie, WSl ohpspesns bynvertbnnbcpingt thendebbaods to

per it moverent, of the { I ANRYELS S Ld 0hSal Tp B 9ENEE8hLY £BOLLEBRRBLaRENe:
: relative steering movement of the two chassis about a -
10 'vertical axis and horizontal pivot means to accommodate
relative pivotal movement of the chassis about a transverse
"horizontal axis, the coupling means further comprising
flinkage:means vertically spaced from the horizontal
pivot means and operable to inhibit lateral movement'
15 _between the two ChaSSlS, the linkage means 1nclud1ng
'a first link pivotally connected. 1ntermed1ate its ends-
to one of the chassis for movement about a vertical ax1s
and a pair of transverse llnks extending between the
‘first link and the other chassis, the transverse links
20 being connected to the first link and to the other chassis.
| by vertical pivot connections to permit movement of the
transverse links in a:generally horizontal plane. |

6. An'artieulated vehicle according to Claim 5 -
. 25  wherein the transverse links extend in opp031te diraﬁnnns
from the first link. . B -

7. An articnlated vehicle according to Claim 6
wherein the transverse links are parallel when the two
30 chassis are_aligned with one another. '

8. . An articulated vehicle according to Claim T

‘wherein the pivot connection 6f the first link to the

said one chassis is concentric with the said vertical
35 axis whereby upon steering of the vehicle the first

U S S e
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~the 5 hori pi vq.t‘ nmeans bei | ocat ed adj acent the fl oor

ih

-dr awi ‘ngs.

5. An articul ated vehicle according to Caim he -
transverse |inks® extend in opposite dlrectlons fﬂ lui k.. 7. .?éf
An articul atéd vehicle according to Clal ma sve;se i nks
“ar arallel when the two 30 chassi s ar aTlgned wi th one anot her. 8.
Arr-arti-cul at ed gtk ot atomikat ive Gaithg sdbd come t dlsapsist connection of

first link to the said one chassis is concentric wth the said vertical -
85 -axis whereby upon steering of the vehicle the first -18- link
rotates relati e to tH& Sfitd tathsegicle accopgingtteufbada Jehicle
according to Gweﬁeam@ b ease Cﬁhééﬁ&@é&*ﬁe§aér+@§1é‘l¥eﬁ‘b§#et Eady,

e

and the lin ag FeFPO % R e iR adi st ltrtedpdircent boaylflaor An,
arti cu: ?t ed vemmlmaamﬂlm tmé:lmrmf&gemnamh ed)?h.ﬁéf"'ﬂd?\d:éﬁé%' éclﬂlﬁattz)érét f
pivotal Iy nmoun pextending fromthe roof of the vehicle body o
t he said one c#&%@%%a% 5% 5*‘ﬁ%e transverse links is connected to a

‘respective one of a pair of | ateral |y spaced beans extending fromthe roof

of the body of 4 atghﬁe?telfh‘r%]{ gescftﬁ{)fa&ej@ v]e]hl gle %%Jdﬂ%%@dcfgﬂ ?I g

substantlalby W th Terer ence e acconpan
wherein the first link 1s plvotally mounted on'a beam

‘extending from the roof of the vehicle body of the said
one chassis and each of the transverse links is connected
to a respective one of a pair of laterally spaced beams
extending from the roof of the body of the other chassis.

15
1. An ‘articulated vehicle substantially as herein
described with reference to the accompanying drawings.
20
25

30

35
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