"BRACED RAIL TRUCKS" The present invention relates to trucks for rai

vehicles and in,particular to apparatus for inproving the stabiljty ﬁg uch
trucks. 1t. is of course well known to. provide a rail 5 12 ' 72

pair of:: Rucks | ocated at opposite ends of the vehicle to support the body C
of the i icle. Conventionally these trucks are provided with a pair of

axl es ang/ar pivoted to the body of the vehicle to pernit the trucks to
negotiate a curve. 10 A commonly used,truck assenbly includes a pair of

| ongi tudinal side frames with a pair of axle assenblies extendi ng between

the side frames at opposite ends. The axle assenblies are supported so they

may .rotate about a horizontal @xii Eg gllom/the truck to roll 15 al ong
rails. The side fr C cted by a bolster that is nmounted to
the side frame through a set of springs to accommodate vertical, ahnd to a
certain extent, lateral |oads. The bolster is 20 pi votal ly connected

to the vehicle to provide tTiee comesestohnbentdon riedagelsi ¢loe tamgkashd arr uck.
fhe bolster my be dlopl et veLtaga! ﬁx pEkRibUgalk otrohsg%wmg Ty | des so

that there is free 0 nove vertic on itudinally. This
permts 25 trma#mﬁﬂﬁ#ﬁ%5|%heo$t¢6hbiﬁﬁdpﬁaﬁupérG€§°B§Pmeen t he bol ster

and the si dﬁ frgrmfs The conmei;sl@nlgéui-lae hellst ko Tthepﬁ'lodﬁdfe’ amasail |
permts each_side fr Jvot relativ Q t |zonta
axis and as §uchzﬂ7%h% i% iR et sP ?bPBB ﬁg9 R?@Ftegaﬁ éﬁ?respect
to Qng anot her. 'Hnmdajébwsheheehiutk to suapeirtotbe mndakomﬂuﬂels uneven
vehicle. Conventionally these trucks are provided

with a pair of axles and are pivoted to the body of
the vehicle to permit the trucks to negotiate a curve.

10 A commonly used truck assembly includes a pair of
longitudinal side frames with a pair of axle assemblies
extending between the side frames at opposite ends.
The axle assemblies are supported so they may rotate
about a horizontal axis to allow the truck to roll

15 along rails. The side frames are intercbnnected by

' a bolster that is mounted to the side frame through

a set of springs to accommodate vertical, and to a
certain extent, lateral loads. The bolster is

20 pivotally connected to the vehicle to provide the
connection between the vehicle and the truck. The
bolster may be displaced vertically relative to the
frames in slides so that there is freedom to move
vertically but not longitudinally. This permits

25 . the transmission of longitudinal forces between
the bolster and the side frames. The connection
of the bolster to the side frames permits each
side frame to pivot relative to the bolster about
a horizontal axis and as such allows the wheels to

30 move vértically with respect_to one another. This
allows the truck to travel over track which is uneven



'-2 and mai ntains a good | oad distribution between the four wheels of the.
truck. This arrangement of truck provides a very stiff constraint agalnst
any out of phase yaw dis- 5 pl acement sof the wheel sets (that is, it 2
mai;nt ai ns t he \wheel sets parallel to one another). However, the arrange
of fers very little restraint to I.nphase yaM/dispIacenent in whi ch the Wh
sets remain parallel to one another but not E r pendi cul ar 10 to the si
frames. This inphase yaw di splacenent is T nly known as | ozengi ng and
results in two undesirable characteristics. Firstly, an unstable condition
known as hunting can occur in which t he yaw di spl acenents occur in a

continuous 0sci 'l atgiy désnERAHETa Q63 SbdY AP didthatles

against the rails. Such a notion pronotes:high and rail wear, causes
hi gh shock |evels t%P%EeWh%ﬁﬁﬁnQQEﬁpﬁquqﬁkTalIs and t he vehicle body and
can, in extrene cases, IeadTﬁIscEﬁﬁaﬂgﬁmﬁntﬁoﬂfurubﬂﬂpﬂdwid%h a very The
second acti-on occur t e el,s on curves of :
sufficiently small $% I'us nﬁd@t?r%nsx\ég] a:{h aedlgr}{dfv% elo?e/tp asecd’r?‘ew Yo f | ange
contact with tise oupkacenents rmfvmeelvdeeelesqmu@m im,ydb tmmquam ch

turns.it toward th t
u ' el »ﬂ{eéfééts X I’al%l cwaar?é a@xdﬁﬁ% hi g apg)

attack of the l'eading axle wth and I S Known that such
hi gh angl es of att akke r%%‘tﬁfig?’?f"h? g‘?fq'%‘{/%l"se’('ﬁ Jvﬂé'é?learf&ﬁd'as’é"‘ast%l | as

creating high forceinsgese pawl d{wposendnd ifry v&fidiﬁrtﬂid Rafdel Hets

sl i on, 1o, SUcheaREE I IS 8] i d I Y A

integrally forn®ed sbtottine szﬂaifm&mé&nglfhmbrtnphhsqﬂxxxﬂﬂmaplacement
is commonly known as lozenging and results in two
undesirable characteristies. Firstly, an unstable
condition known as hunting can occur in which the
yaw displacements oégur in a continuous oscillatory

15 = manner excited by the action of the wheels against
the rails. Such a motion promotes high wheel and
rail wear, causes high shock levels to be tfansmitted
to the rails and the vehicle baody and can, in extreme
cases, lead to derailment of the vehicle.

20 The second action occurs 6n curves. When the
vehicle tfavels on curves of sufficiently small radius
to cause the leading wheelset to come into flangé
contact with the outer rail the wheelset experiences

_ a yaw'torque which turhs.it toward the outer rail.

25 This creafes a very high angle of attack of the leading
axle with the rail and it is well known that such high
angles of attack result in high levels of wear and

noise as we;l as creating high force levels and the
possibility of derailment.

30 _ One solution to sﬁch lozenging has been to
use trucks having a rigid H frame. In this type of
construction the bolster and side frames are integrally
formed so that relative longitudinal displacement
between the side frames cannot occur. Such frames

35 tend to be extremely rigid so that their ability to
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bet ween the side frames cannot occur. Such franmes 35 tend to be extrenely
rigid so that their ability to accomodat e verti cal novenent between the
axles is not very good, and surprisingly they have a relatively |lew °
critigalyvelocity, that is the velocity at which instability occurs. It he;
al so 9 suggested to use braces extending 5 - diagonally bet ween the _
si de fxlapes and rivetted to themat spaced |ocations. This construction is
also inherently rigid and therefore has the di sadvantages of |ow stability
associated with the H frane truck. Rrogpsals have al so been nade to use

di agonal braces 10 between the journal boxes of the wheel sets. However,
this arrangenment becomes conplicated by the novenent of the journal boxes
rel ative toatheugpdetéreeesicaid navermase deitheamspeuagleei ghtnad

vehicle. F er h ]%%Qy eji ant d onl.y. .on.trucks
I n which thg&%’?arrggh gu%g?%gfgﬁgt e%pn ard o%%%lﬁm % J t’”tcﬁ‘é si de
frames are FRLPRREXonSEM i ghdibeoeBOsidypasi vhash ims %afelomx GHICBESt he

structure used tntbﬁaﬁeaub@ loed esu @Qgtéﬁrttléeruééqodle@é@§ &QEeHD&Wg‘mg
wei ght . Acc qns, aspect of it esent vention there_ 20
by e

provi déd a M JHWiﬁieFu&Pn§PEEXP§ and
i ncl udi ng aSpapadoﬂdQ§QWQn$y spacedcsnd&dhuﬁﬁbﬁﬁﬂﬂkﬁ?;agﬁé?s—Eakl% g
connecting thgibragk £ £ Jehiyed &3 00u ee xt endi ng
bet ween t he 2?1 ?r%neﬁﬁﬂﬁﬁigzqat g%pog?te en&ﬂat erggf]and suppoﬁtéﬁ 25: _

for rotat|oﬁséﬁﬁhit%dﬁtkmkdﬂv%ﬂﬁtqﬁ&ﬂ§véF§6kaX|s first resilient nmeans

i nt er posed betmeenobbeawheﬁh$etSlfadﬁéeﬁpﬁﬁﬁbVEQO?Qé @ia&ﬁ?a&i??a%%%”?l I

menber o d t.of t rom a nutua aralle

posi t i oslr?t ggggrgg}gl %& ansrmgteorﬁﬁ E‘Eb &V eEre SE°Fe _H°we"er' s
arrangement becomes complxcated by t*: movement of the

journal boxes relative to the side frames and increases the
unsprung weight of the vehicle. Fdrther,'the arrangement
can conveniently be used only on trucks in which the frames
15 are located in-board of the wheels when the side frames are
- in the conventional outboard position. This complicates
the structure used to brace tnelr axles’ and further
increases the unsprung weight. _
According to one aspect of.the present invention there
20 is provided a truck comprising a truck frame having a _
longitudinal axis and incjuding'a pair of laterally SQaced K,A
side frawe menbers, means for -cOnne'ctihg' the truck frame to a .
vehicle body, a pai; of wheelsets extending between the
side frame members at opposite ends thereof and supported
25 for rotation about a horizontal transverse axis, first
resilient means interposed between the wheelsets and
respecﬁive ones of the side frame members to accommodate
mdvement of the wheelsets from a mutually parallel
position, and bracing means extending between the side
30 frame members, the bracing means being ind:pendent of the
connecting means and compriéing'a pair of struts connected
at opposite ends to the side frame members and inclined to
the longitudinal axis of the truck frame, the struts having
associated second resilient means to accommodate relative
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30 frame menbers, the bracing nmeans bei ng i ndependent of the connecting
means and .conprising a pair of struts connected at opposite ends to the
stde frame ménbers and inclined'to the longitudinal axis of the truck _
fraie, the struts having associated second resilient neans to accommd4t ¢,
relative : - 3a - longitudinal ‘novenent between the side franme nenb )
the first resilient nmeans and the braci ng neans thereby providing the\t'tdck
frame with controlled flexibility in shear. 5 According to a second
aspect of the present invention. there i-s @Fovi ded a truck conprising a
frame having a pair of laterally spaced side nmenbers, a bol ster extending
bet ween the side frame nenbers, a pair of wheel sets extendi ng between the
si de frame mend@ngisudippbsppEesans POLWEREr EBe AR USPRAPE M RRsfherine

fi ;ﬁit resilientg ygan Sr'leBti&g._léO&egmbﬁh\EESRHhe;%@e?r&Qti&g’mdleHﬁ regye&catwﬁ
menbers, strut ans. ext | et ween e. e rs.ta brace the
frame, and sec nrEE Vr’édsﬁ‘? Stﬁle %gauncs‘ \é%r?n%%:t%hé%e %éﬁgiﬁgsg?zg“fltbaﬁl.t%%ers
and the strut X®eagsans, the first and second resilient nmeans providing a
yaw stiffngss and apabedghgStdf{ nassedmd ddpds u@kthz».hggége.mr_l@&&@&t%ng
sel ected such that an increase_in at |east One of the_ stiffnesses |owers
the critical vei§@® ySoPrphéded Rktruck puprtstidithgtiaie haviRg 2 pair
aspect of the pskatetalegt ispaddireide menvbeles, a anaddinsi of iexerensi dg

th? . _ between the side frame members, a pair of wheelsets

extending between the side frame members ‘at opposite ends
10 thereof to support the members, first resilieant means
interposed between the wheelsets and the respective
members, strut means extending between the side frame
. _ members to brace the frame, and second resilient means
connected between the side frame. members and the strut
15 means, the first and second resilient means providing a yaw
stiffness and a lateral stiffness for the truck, the
stiffnesses being selected such that an increase in at
least one of the stiffnesses lowers the critical velocity of

the truck.



stability of a truck having a frame conprising a pair of laterally spaced
side nenbers with a pair of wheelsets at 5 opposite ends thereof, fhe
.met hod conpri sing sel ecting values of yaw stiffness and | ateral stlffness .
lyin a characteristic curve for maximumecritical velocity en a plot Q#
yaw Y} ness versus lateral stiffness, locating first resilient neans

bet we t he wheel sets and the side 1 frane nmembers to attain the selected
val ue of yaw stiffness of the truck;”and resiliently bracing the side frane

menbers to provi deAtch,Qnsdziagt ash val bbipné | at er a&spbicftf Ness iy pbe sfamee.
According to

{ h t t th
provided a rret"ﬁlof%f1?%c?‘é§§ﬁ§3%'?cl?r°s“tlaéﬁf $ym8$?‘§ #ggfq%élet%%d&?ehgk\‘ﬁ ng a
pai r of | ateratapisipcedSialcefuckesanwing a F)aameofcoamrm%ssena)lpaasramf
opposi te ends lfa*&‘é'i:‘a‘i’.fl agdaReROL3HE" m@iﬁtb‘é'}g' Mthataer;?il'a/ &@H‘&‘ﬁ@é‘léé‘@s side

frames, the nmethod co ?sm etermning 2 he exi sting values of yaw
stiffness andoPRCSide s?'l'"riPn %‘@r%%ﬁ'ecﬂ‘ﬂgmaﬁhpﬁcr%%Hl?aPGe sgrlegtingst
the | ateral stwafﬁdwés&:ﬁ)fyatmes&iﬂsﬂfeskosaal Dgtbirast srtasaﬂde&r& TR NG bﬂtaveen

the axl e assenblies and.t v rT&mss t o det erm g_ gh viestl{_fness
the truck, br S&FIHEE &7 éczgufrg ST BRF BN PR ST T T HF e nRans
bet ween the bpds the fryans. simjftmssvd%rsnanb@tesaprevllcieinterﬁﬁ,rel(pﬂabdnqal ue

of lateral stighifiaSs.edCLOLAE ”He&ﬁsabettv' eled' the wheePé@@EtaxQ& the Q{&ée”t
invention there is provided a truck c a_ pair of gltuma

nprisin
spaced trafsv&rame neakars e MééPgePEeesaﬂ'P ched R V:Eé-“e ﬁévVﬁU gtpsfpess -/
wheel s with asfaxtRe eXransk Ng alndereesbeivaeny abidothkgl rte shaeudingma

pair of Iateralla%ers to provide the selected value of lateral stiffness
for the frame.
According to a fourth asgéct-of the present
15 invention there is provided a method of increasing the
stability of an existing truck having a pair of laterally
spaced side frames with a pair of axle assemblies at
opposite ends thereof and a bolster extending laterally
between the side frames, the method comprising determlnlng
20 the existing values of yaw stiffness and lateral stiffness,
selecting an increased value of at least the lateral
stiffness of the truck, locating first resilient means )
between the axle assemblies and the side frames to
determine the yaw stiffness of the truck, bracing the side
25 frawes, and locating second resilient means between the
bracing means and the side frames to provide the required
value of lateral_stiffness. .
According to a fifth aspect of the present
invention there is provided a truck comprising a pair of
30 longitudinally spaced transversely extending wheelsets each



spaced side nenbers each of which has an axl e receiving nenber at opposite
ends .t hereof, -and a bolster 5 extending between the side frane nenbers
i at ermedi at e’t he axl e receivi ng ‘nenbers, each of the receiving ne [S

bei{qg located on a respective one of the axles to maintain the Cﬁ ts in
spaced parallel relationship, first elastonmeric neans interposed t ween
each receiving nenber and the axle to accommbdate controll ed nove of

the axles froma nutually parallel positi~o3card thereby determ ne the yaw
stiffness of the truck, brace neans independent of the bol ster. extending

between the side frame 15 nmenbers to increase the lateral stiffness of the
‘truck, and resiliematoudla mgiveds wbesdsciilty BReaktacexhertibng othene-si de

frame menbers, the f@eSedPaNS il TRUmRr Q\ﬁh‘ihﬁ@n? gopiipléedifdepdibiy ity
in shear. 20 According to a sixth aspect, of the invention there
s provided a met NPT HdR MRGLERS S£5H PEL YhAFNanEs RK HLA i ceHing

i ncl udi ng af pai r ofménbe adt WHpddlite eadsethergsofyppndt£dbelsoaposite ends
on a pair of transverse eel.sets an ns . far._conn Llng 25 the fr to
a vehicle body,?t he ’fré?%%%%@ﬁ%ﬂesﬁnngtﬁ@ﬁgéﬁtei gﬁanngﬁ%‘an%’éﬁ%"%%‘{l a‘[egﬁ t he
wheel sets and respethe \aximeawasiving giegdersangarbnbr the oreeeiiicing he
resistance to out OfjedHase pEAWdi1PRIa3ERMBR! abﬁk‘ﬁ.ﬁﬁﬂtibé yheel pefpe and

| ocating brace neans 30 with associated resilie means between the side
frame menbers i ndep®httht1y AFLn43d o dhfeiihiesd sShbandnt 3P2pRY RAZA MR
resistance to a foreelderghsigipg,0 flirs alasitamerakl neane dhtéhposdeel sets

relative to tr“ﬁdnr%%twé%% each receiving member.and the axle to
- accommodate controlled movement of the axles from
a mutually parallel position and thereby determine
the yaw stiffness of the truck, brace means independent
of the bolster extending between the side frame

15 members to increase the lateral stiffness of the
truck, and resilient coupling means connecting the
brace means to the side frame members, the brace
means thereby providing a controlled flexibility
in shear. : : '

20 ' According to a sixth aspect of the invention
there is provided a method of improving the stability
of a truck having a frame ihcluding'a pair of long-
‘itudinal side members supported at opposite ends on
a pair of transverse wheelsets and means for connecting

25 the frame to a vehicle body, the method comprising
inserting resilient means between the wheelsets and
respective ones of the side frame members to reduce
the resistance to ouﬁ of phase yaw displacement
between the wheelsets, and locating brace means

30 with associated resilient means between the side
frame members independently of the connecting means
to incfease the resistance to a force tending to
displace laterally one of the wheelsets rélative to
the other.

35



-4- An -enbodi nent of the invention wll now be described by way of exanple
only, with reference to the acconpanying draw ngs, in which:- 5.
Figure~*s a side view of a truck, Figure 2 is an underview of the truck
shomnétgi2|gure 1, Figure 3 is a detall of a portion of the truck shown 'Q&
Fi gur 10 Figure 4 is a series of curves showing the
relatio I p between yaw stiffness angl Lateral stiffness for a given truck.
Referring now to the drawi ngs, a truck 20 includes a pair of |ongitudinal
side frames 22 - 24 15 supporting a pair of wheelsets 26 - 28. Each
wheel set includes a pair of flanged wheels 30 secured to an axle 32, the
ends of which are supported in journal boxes 34. The journal boxes 34 are

secured in yokes 36 kgrgﬁgoggmggehopnghgf J%?ﬁid#adl M/l he 24 so 20

that the axles may rotate about a genera rlzonta axis relative to the
si de frames fgscribed Ry WR¥sPH- eﬁ%*?%eﬁﬁﬂﬁﬁﬂ'W%ﬁﬁuﬁﬁqﬁﬂﬁﬂﬁﬁ et WBén each

j ournal box %@c@@@ahghgs36raaiﬁggylﬂ@ @hpéunary suspension for the axle
assenbly and to perng éed contr %Fneq; %%é of the wheel sets
out of parallel. F§P 8 3x?eﬁh b% WeH the'diYe frames 22 - 24 and
passes through an apé&igure 20ikoaneundervihew cehttled frarcdd shosf dach side
frame. The ends @ qhe bol ster 38 are supported on a spring assenbly 42 to
30 permt ver |caI ‘novenent between the bol ster 38 and the side franmes 22

- 24 and bear agai nsffigurges i3 Eoﬁ%%%%&ft'oat?fé"'iﬁé?nc ifaltheddasic t he
apertures 40 shownhdn Figure 2, | . A

10 Figure 4 is a series of.curves showing the

' relationship between yéw stiffness and lateral'stiffness-
‘for a given truck.

Referring now to the drawings, a truck 20

includes a pair of longitudinal side frames 22 - 24

15 supporting a pair of'wheelseis 26" - 28. Each wheelset
includes a pair of flanged wheels 30 secured to an _
axle 32, the ends of which are supported in journal
boxes 34. The journal boxes 34 are secured in yokes
36 formed at each end of the side frames 22 -24 so

20 that the axles may rotate about a generally horizontal
axis rélative to the side frames 22 - 24.  An elasto- L
meric pad 37 is positioned between each journal box 34 .
ahd yoke 36 to provide a primary suspension for the
axle assembly and to permit limited controlled movement

25 of the wheelsets out of'parallel.

A bolster 38 extends between the side frames

22 - 24 and'paSSes through an aperture 40 formed in the
central portion of each s%de frame. The ends of the
bolster 38 are supported on a spring aésembly 42 to

30 permit vertical movement between the bolster 38 and the
side frames 22 - 24 and bear against slides U44 connected
to the vertical edges of the apertures 40 so that the
bolster may move vertically_but not 1ongitudiﬁa11y
relative to the side frames.

35



Bolster may nove vertically but not longitudinally relative to the side
frames. 35 .-5- A pair of webs 48 are welded to the side franes 22 - 24
betmeen the yokes 36. The webs:-48 are equally spaced fromthe centre |}
of .the.truck and are inclined relative to the longitudinal axis 5 .of f
.trﬁtk A palr of struts 50 extend between diagonally opposite webs 48 s
that the struts intersect. on the centre +i®e-of the truck.. The struts are_
received in the webs 48 in the manner best shown in Figure 3. Each strut 50
has a reduced 10 portion 52 at each end that termnates in. a thread 54.
A hole 56 is forned in the web 48 of a dianmeter greater than the dianeter

of the reduced portion 52. Alppairopfetvebsohdrareimekdied &8 tive | micde ed

_; bet ween the reduced ppg&égn2§2 agd gggwg\@hltgg &gqgegts)%@ 561-,2.%(:6 @%wufach

“has a radially directed should bears agailn e web
48. \\ashers 62 are ﬁﬁﬁn?ﬂaa%ytﬁBaF%QIUEEEmpBP?l6?1“'512€t%1%?19%§e“!?1et6{ﬁ‘@r
faces of the el aStOTTEtharéSEﬁESiESdMﬁM t@%m&@@r@ﬂtﬁ@mm dpiead 54

to conpress theg2 ers, 60 ts, be en. th shers 62
and the outer fgces 8F Fﬁ §gg°ﬁg R %Erng r? r%@?t%éf%ﬁ%ﬁ?éa %%§an
el astic connection bdiagenalhy eppqsstsowaha 8esocthal8 tivel $ﬂmwt$e a
control |l ed erX|b|I|i Qggg@gnoﬁhg glggngf nfanfofh€h% HF&C 25 The

t
struts 50 are attacheg fo one anot ﬁelr ol nt |ntersect|on by
means of a shackl e GBthtFnﬂrﬁlFe9§?YF€a}nvFB¢aY¢6ﬁ ¥ imcthe rmarnen.

\_; . best shown in Figure 3. Eaeh strut 50 has a reduced
10 portion 52 at each end that terminates in a thread
54. A hole 56 is formed in the web 48 of a diameter
greater than the diameter of the .educed pobtion 52.
A pair of elastomeric inserts 58 is located between
the reduced portion 52 and the wall of the hole 56 .
15 and each has a radially directed shoulder 60 that
bears against the face of the web 48. Washers 62

are mounted on the reduced portion 52 to engage
~the outer faces of the elastomeric insertis 58 and
a nut 64 attached to the thread 54 to compress the
20 shoulders 60 of the inserts between the washers 62
and the outer faces of the web 48. The insérts 58
~ therefore provide an elastic connection between the
,struts 50 and the web 48 and provide a controlled
flexibility between the side frames of the truck..
25 The struts 50 are.attached to one another at their
point of intersection by means of a shackle 66 to
inhibit vertical vibration of the struts 50.
| In operation, the struts 50 are effective
_ to oppose lozenging of the side frames, that is
30  relative longitudinal movement between the side
frames but by virtue of the elastic. connection and
their flexibility in bending do not 1ntroduée undue
rigidity which wbuld inhibit vertical displacement
between the wheelsets 26. The elastomeric inserts
_35 58 are chosen to provide the desired degree of shear
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In operation, the struts 50 are effective to oppose | ozengi ng of the side
franes, that is 30 rel ative longitudinal novenent between the side
framessbut by virtue of the elastic connection and their flexibility in &«
bendj xg\)do not introduce undue rigidity which would inhibit vertical !
di sphacgnent between the wheel sets 26. The elastoneric inserts 35 , 58 are
chosen"to provide the desired degree of shear . -6- flexibility in the
truck for a dynamically stable configumathien. The inserts 37 assist in

_ providing the optimum value of such flexibility but the primary

contribution is fromthe inserts 58. 5 - . : Figure 4 shows a

typical famly of)S5upMas thyorim thieV PrulokUdort Bahyhbhliéh'ﬂ?regtelﬂie
rel ati onship betmeen t he truck i ff ness angg éssgrltlca vel ocity which is
t

the velocity at SARIAEUTaY @ o HOTEEL S, Ak 4y pfﬁglﬁépﬁneter KB
is defined as tivhe eptimuld valueande summlftlecrﬁbnhaw paw dhepbadagest

bet ween the axl es 1S .1 r SIS C edgto a couple tending to
nove the wheel sectdntlllta&'lt’fion :srafﬁ e ttg%n | on $I§e Stiffness Ks is the

stiffnes$ offered to a fRigwre dn@iheyst @ Itmpelcalll Faoiidyl afe cumyesf fole 15
wheel sets 26 relatdiward Ak %lw 11118 radleal itpRshieR 2R3 LWREA pKBeRRd el | S

determ ned by the dinensions of the truck, the disposition of the struts 50
and t he re5|I|eﬁﬂ?(ﬂquﬁaﬁﬁ§£ﬁﬂﬁﬁ§wﬁ9q|¥§§wﬁ§¥§8°alTN§1€GF$§S“Pﬁ&Pcated Vi,
V2, V3 etc., reeahy vtﬂlaroaaiyeraltstwtﬁ.ozﬁa trakk! iexperieneeist iagtat which a

truck havi ng a yay { %ljl’ n@ss\&lgl(r@mnea&q_ ek I e_;L rd%lf‘ﬁxt | f];@xesc%ng(eQ)ist hat |ie\g#

the characteristi¢c
10 tance to out of phase yaw displacement between the

axles, that is the resistance offered to a couple .
tending to move the wheelsets out of a parallel
condition. The Stiffness Ks is the stiffness offered
to a force tending to laterally displace one of the

15 wheelsets 26 relative to the other. The relationship
between KB and Ks is determined by the dimensions of
the truck, the disposition of the struts 50 and the
resilience of the elastomeric inserts 58. The curves
indicated V1, V2, V3 ete., represent characteristic

20 critical velocities at which a truck having a vaw
stiffness KB(n) and a lateral stiffness KS(n) that
lie on the characteristic curve V will have a
eritical velocity Vn.' Beyond that velocity_the.truck
becomes inherently unstable. It will be observed

25 that there is a curve Vo Max that interconnects the
saddle points of the characteristic curves and
represents the maximum velocity of the truck before
instability occurs. Therefore, by selecting values
of K and KB that lie on the curve VC MAX? the

30 critical velocity of the truck may be a maximum.
The curves are -subtended by a line hav:.ng a value
Kg = 1/ 2 KB where "a" is half the distance between
the axles 26, 28. For all practical considerations
it can be shown that Kg < 1/a2 Kg for a truck in

35 _which the wheelsets are not directly coupled. The



critical vel ocity Vn. Beyond that velocity the truck becones inherently
unstable. It will be observed 25 ' that there iis a curve Vc MAX that_

ignt erconnect's the saddl e points of the characteristic curves and reqr, égnts
t he maxi num vel ocity of the truck before instability occurs. Ther éf

sel écting ,values of K and KB that |ie on the _curve Vc MAX' the 30

critical velocity of - the truck may be a maxi fum- The curves are subt ended
by a line having a value KS = 1/a2 KB where "a" is half the distance
between the axles 26, 28. For all practical considerations it can be shown

that Ks < 1/a2 KB é&ff‘f—kdr"éﬁ'&d rbf35;he St iee 3%5%6531?5% Bgt of

directly coupl ed. -_configuration of t strut

stiffness of the i nfsrt‘ﬁ t’snsﬁ?tn’a)ﬁst R&Ye eforendseshosean$gr enshge t he

maxi mum critical veliht tohe m@hhmmed'itlhlalch@l%l@ti%ﬂ &Tsl Qbfe'at&\&%a beyond the
curve 5 VC MAX each hav ClablC ve qc| t owe

Therefore a rigid truck suctt qﬁﬁ% 1Sl ahirvgs HGWP&HetBF éHﬁVSylng
rivetted cross bracks Iﬁadila\l'@vaa Iaowm.rtlitc:adalve\lelectd:wt y.owblrclthanpl ai ns thfe
dnstability of such;truc S. THdPIrreY a i ildCl% Ay 0 egree o
flexibility, such nventlor{glr Sabl %J ruc agggkbﬁs %h grso have
alowcritical vel % Faqﬂ/QQﬂﬁ@ﬁéﬁﬁlﬁg'Fﬁgeéﬁ§§tp€0§§shegc§g

provi de control | eg hfdlﬂ)d bialvtet v ilows h@qullcﬁ.lt gﬂsétlléc\ﬂlé:&rhwhﬁ%hd%tbﬁ.‘igng;'tlhlbgglm
;EESEL;¥ qggebgzot?S% (L%%%igdﬁﬁ 5&°ﬁyt5PPF|S|néigﬁéagiVuc?u¥€u§Hoﬂﬁ€FHgthe
drawi ngs. The18t r utés lEh\giegrieecloifndd exibility, such as a conventional
3 piece truck assembly, would also have a low critical
velocity. However, bf introducing the elastiec bushes
to provide controlled flexibility in shear, a truck
with the desired critical velocity may be obtained.
15 In tésts performed by the applicant a Barber
' Type S2 truck was modified by utilising the structure
- shown in the drawings. The struts 50 were inclined
at an angle of 66° to the longitudinal axis of the
truck and the inserts 58 prepared from an elastomeric
20 material having a hardness of 70 durometer. The
inserts had an outside diameter of 3 inches so that
N an annulus of material of area approxlmately 6 square
inches and 1 inch thick was positioned between the
washers 62 and the web:-48. The length of the struts
25 Between the washers 62 was 82.5 inches and the struts
were made from low carbon steel with an outside
diameter 2 inches. The inserts 58 when assembled on
the struts. 50 and web 48 provided a stiffness of
_ 4 X 107 N/M measured along the axis of the strut.
30 With this arrangement the stiffness of the truck was
' incrgased from a value of 2x105 N/m for Ks to
2.10 N/m' The critical velocity of the truck was
calculated to be increased from 31 m.p.h. to 74 m.p.h.
(neglecting the effects of friction damping).

35 It will be apparent that the structure disclosed



i
at an angle of 660 to the longitudinal axis of the truck and the inserts 58
prepared froman el astoneric 20 mat eri al havi ng a hardness of- 70 .

dur onet ¢ The inserts had an outside diameter of 3 inches so that an o

annul us o pt erial of area approxi mately 6 square inches and 1 inch thige
was pos Ohed bet ween the washers 62 and the web 48. The length of the
struts 2% bet ween the washers 62 was 83 5 inches and the struts were mde

from!low carbon steel with an outside dianeter 2 inches. The inserts 58
when assenbl ed on the struts 50 and web 48 -provided a stiffness of 4 X 107

N'M measured al ong the a3 91t haa tra%tle 3% re%b@iwaaga%angeﬁent the

stiffness of the truck was increased froma val ue of for K to
2.106 N'm The 4508 tFackS g SFrdere tor dagerRasec dhedracedtigape
i ncreased from 3kedaeity add/utiviini u@mayyaublngsuba af reetoarak friction

danmpi ng) . 35 Wl I nt. that the structure I scl osed

S partlcularly £E§bt§bﬁgﬁﬁgﬂ%§ﬁﬁgg %F ﬁ 5%P§?|nad933&Q§ order to

i ncrease their crthe ewlbsydidodio ;th@nd'-l‘mkvlfm‘gmbehavmhsr utsmcha&lpet rofit may
be accompl i shed gt Ry ish@ i dié%*yt'ﬂwé‘ﬁidi frahls W?b%hQBtbﬁfkhe truck

frame or the utilisation of" existing o es in the side frames of the truck
if such are avau%ﬂﬂﬁyeh'ﬂﬁ?sﬁ i3t é& f@nﬁﬁé irpaktrey tBe varied
by the Selectlonuﬂétﬂrﬁaﬁam%@omewwaﬂm@aeMyahhendehﬁcthendbmemaeons of the

rlgt r of : tnfle:\tgsof%set]ﬁﬁ gmiet&ltf;g‘%t KB | & ?ﬂggé’yg?}ﬁft hg'f“%fﬂfgim Edf’?yltéFor e i e’
the increasgpin dmserda 5ﬁalodmmyswﬁdﬁh@am 1B, iachn&ve&ehyla aiffplsed
by the retrofitting of struts 50 and the existing
value of KB may therefore limit the increase in
eritical velocity that can be achieved by a 81mple
retrofit below the value Vc MAX "
15 It will be seen. therefore that the disadvan-
tages associated with the prior art are obviated
or mitigated in a simple, convenient manner.
Although in the embodiment described the struts 50
pass beneath the bolster 38, they may if practical
20 pass through apertures in the bolster. This allows
the struts to be positioned close to the retational
axis of the wheelset and minimise the tendency to N
twist the side frames about their longitudinal axes.
The provision of the elastomeric blocks 37 also
25 contributes to the improved performances of the
truck. The effect of these_blocks is to lower KB-
and it can be seen from Figure 4 that a reduction
in this value leads to a reduction of critical wvelocity.
However, a similar plot showing the characteristic
30 curves of angle of attack would show that a reduction
in KB reduces the angle of attack and so improves
the curving characteristics of the truck. The
provision of the strut 50 then increases the value of
Ky without unduly affecting Ky so that an increased
- 35 ceritical veloecity is obtained whilst retaining the
improved curving characteristiecs.



retrofit. bel ow the value Vc MAX. 15 It will be seen therefore
t hat- t he di sadvan- tages associated with the prior art are obviated or -

N

i tigated isn a sinple, convenient manner. Al though in the enbodiment /
deggrl bed the ,struts 50 pass beneath the bolster 38, they may if prac\)

20 pass through apertures in the bolster. This allows the struts t

positioned close to the rotational axis of the wheel set and m nim se the

~tendency to twist the side franes about their Iongltudlnal axes. The

provi sion of the elastoneric blocks 37-al$o 25  contributes to the

| mproved performances of the truck. The effect of these blocks is to | ower
KB and it can be seen fromFigure 4 that a reduction in this value leads to

~a reduction of CBAIMS$ cal velocity. However, a simlar plot show ng the

‘characteristic 30 curves of angle of attack woul.d show that a reduction

in KB reduces the angl e of attack and so i ves the curv . .
characteristics-of & %é“ﬁkuef?mpfﬁé 1880&i §F8ﬁ FTRRE WRYIRY B%ratq’rf@rtti‘ﬁlérn&}ses_
the val Iue 0}‘ Ka xWist hadt ineduldy naf fae@taurrgdﬂ?,lsactddwll;arsmmeéas?ede%ra me
critical v OCIt s_ obtai ned whi |l st retai g [ d, curv

charact eri stlcs ehile Al"ﬁgnslqo °P??Fcr‘%n%orrgirllgsftr:lggk Fﬁjglﬁee t'chtrr% bggllﬁg}ea

| ongi t udi nal akP8rand pPatr uef nehee bigks o xteRding RetyRee e Fdder £ ms

nenbers, neansmte‘ﬂn"oe?@naecbbﬁgs1E@eefﬁdélc&éﬂ‘élﬂ!3atrﬁ suppbreke bofyrown fizia of
wheel sets extendi n pposi.t.e ends thereof

anbl_suppor t ed PBP“?oPatl'ﬁ%'r’rz&B&ﬁll a\:rl’?&sl"ftlj’ﬁfala"t"l;anssé:rsge IR 1eft, djeans
resilient meandntatpopedcdebe¢emethe hehedbsd setandan@spespévei ovesnes wle t he

10 gside frame members to accommodate movement of the wheelsets
from a mutually parallel positirn, and bracing meens
extending between the side frame members, the bracing means
being independent of the connecting means and comprising a .
pair of struts connected at oppo'site ends to the side franme

15 npembers and inclined to the longitudinai-axis of the truck
frame, the struts having associated second resilient means
to accommodate relative longitudinal movement between the
side frame members, the. first resilient means and the
bracing means thereby providing the truck frame with

20 controlled flexibility in shear.

2. A truck according to claim 1 wherein the connecting
‘means comprises a bolster extending transversely between
. the side;frame_members and resilientiy supported thereon.
25 .
3. A truck according to claim 2 wherein the second
resilient means is interposed between terminal portions of
the struts and respectiye ones of the side frame meubers.

30 4, A truck accordlng to claim 3 wherein the struts pass-

' through apertures in the members and the second resilient

‘means is interposed between the.s;ruts and respective
‘members in the region of the apertures. '
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10 side franme nmenbers to accommopdate novenent of the wheelsets froma

mutual |y parallel position, and braci ng neans extendi ng between the side

frame ers, the bracing means being independent of the connect i Rg’ nmeans
0 Nsing a pair of struts connected at opposite ends to the side

frame\ Y6/ /menbers and inclined to the longitudinal axis of the truck frane,

S having associ ated second resilient nmeans to accommodate rel ative

| ongi t udi nal novenent between the side frane nmenbers, the first resilient

means and the braci ng neans thereby proy?ding the truck franme with 20

controlled flexibility in shear. ruck according to cllaim 1l wherein

t he connecti ng neans conprises a bolster extendi ng transversely between the

side frame m?»”berSAaQQJ&S'AéEBEhX@Up&WrEQQ itthes eQhe ¥2id- thel ééHSKd
according to claiim 2 wherein the second resilient neans is _interposed

bet ween t er n¥R&1 PR oRe2pe Pﬁ@%&qﬁngh%nﬂ°+%55%EPP9§%ﬂﬂa?%ﬁ"?ﬁ% Ehge
frame menber stri@s 4nd tRet Edakkacécamding to claim 3 wherein the struts
pass through apertures in-the nmenbers and the second resilient nmeans is
I nt erposed between the struts and respective nenbers in the region of the
apertures. 6.5 A rpgkkageerdling te eny @R wihértha cheimeoddto 4

resilient 'ﬁempépe{lﬂeett@eﬁpbfleegneﬁtéﬁaabeémtméﬁrys SsélﬂQcEEa
truck frane accor

one of the clains 2 to
wherein the ﬁPe?FBVFFFy i PREHBER fﬁl$¥é%%rYé§§%%§'§elected to provide a
maxi numcritical velocity. 7. A truck conprising a frame having a pair \Q¥/
laterall'y 107Spacﬁdt§hgg %E%?&Eéana Qoles %r %%R%Wg QQFQﬁE“%ﬁnle%réhQ§

frame nmepbers, a pair | set s“ext en
spaced 51de members, a bolster extendlng between the side

frame members, a pair of wheelsets extending between the
‘side frame members at opposite ends thereof to support the
members, first resilient means iﬁterposed between the
wheelsets and the respective members, strut means extending
15 petween the side frame members to brace the frame, and
second resilient means connected between the side frame
members and the strut means, the first and second resilient
means providing a yaw stiffness and a lateral stiffness for
the truck, the sEiffnessesbeing selected such that an
20 increase in at least one of the stiffnesses loweérs the
critical velocity of the truck. : \d’

8. A truck according to claim 7 wherein the strut means
includes a pair of struts extending between the side frame
25 pembers. '

9. A truck according to claim'B.wherein the second
resilient means proVides the sole attachment.of'the struts
to the truck frame.
30
~ 10. A truck according to'ciaim 9 wherein the struts are
equally and opp051tely inclined to each of the side frame
members.

% C L M 5§ x



side frame nenbers at opposite ends thereof to support the nenmbers, first
resilient means.interposed between the wheél sets and the respective
enbers, Strut neans extending 15 between the side franme nenmbers to brace
the frame, and second resilient means connected between the side fAER
menbers and the strut neans, the first and second resilient neansf
a yam/stiffness and a Iateral stiffness for the truck, the stiff
sel ected such that an 20 increase in at |east one of the stiffnesses | owers
the critical velocity of the truck. 8. = N truck according to claim?7
wherein the strut neans includes a pair of struts extending bet ween t he

side frane 25 menbers. t ruck, acc rd| ai t ond
resilient neanspr ovﬁ‘dEEuFﬁe aAGHF 4 2 echife tﬁlb rp‘reu %\{] 'lth% %ﬁ%ﬁa
frame. 30 10. v%érlmanacmeadsngdmpmissa1elah@peem1phee9@BMﬁs1atefeqaaﬂly

- and opposi tel ygﬂ‘{%}e QxEtheOS(?WEeEQLmL hﬁ ﬁﬁgﬁs fd B RS R s -1 -11. A

truck accordin rern the second resilient nmeans conprises
el astoneri c nenbers interposed between the side frane nenbers and the

struts. 55 12.12A tAfl&Q'ch&CQchdimdQ ) adraild Wheswénetihetserstsuaseare

supported by webs depe om.t he lde [s t t ric
nenbers are rec%‘fRPe%p"t? \kﬁgeﬁegﬁghﬁ%%% {%omnettru%g% 8@&% Q%R%e% EHE
according to clttiendiastivarey ic thenbebs a;e pesé%?%ﬁeﬁeh®¢ﬁaltbe wRbs and
Iongltudlnal ax&ﬁé(gthyg struts.

\_

10 13. A truck according to claim 12 wherein the webs are
positioned normal to the longitudinal axis of the struts.

_'”\
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5 14. A method of increasing the stability of a truck having a frane
conprising a pair of laterally spaced side nenbers with a pair.of wheel sets
at opposite ends thereof, the nethod conprising selecting val ues of. yaw v
stiffn, and lateral stiffness Iying on a characteristic curve for 10 C} .
naxinﬁﬁ%%ritical velocity on a plot of yaw stiffness versus lateral,

stiffn , locating frst resilient. neans between the wheel sets and the side
frame nmenbers to .attain the selected value of yaw stiffness of the truck,
and resiliently bracing the side framg yeagbers to provide the 15 selected
value of lateral stiffness for the franme. 15. A nethod of increasing the
stability of an existing truck having a pair of laterally spaced side
frames with a pair of axle assenblies at opposite ends thereof and a, 20

bol ster extending |l aterally between the side frames, the nmethod conprising
determ ning the existing values of yaw stiffness and | ateral stiffness,
selecting an increased value of at least the |ateral stiffness of the

truck, locating first resilient neans between the axle assenblies 25 and
the side frapes to determine the yaw stiffness of the truck, bracing the
side frames]%and?| BRERPAPL STRLITNT 0t SFRRIL 168t RéeP ERVCHBRY HRF neans
and the sida ffra@escbappisihdeat peisadfl I1£eetdELl stldsd FidaAtddbers

val e | o selddibdt (8o PFeoRardant4EF; S BrBeRidre Fat Thafeoe M) o
KB on a pl otmegfhad cenpodskBowserlesing vakueestt pawe sofiffdineBss amd f or R/
tending to hal@ @il Ystiffness lying on a characteristic curve for |
10 maximum critical velocity on a plot of yaw stiffnesé versus
lateral stiffness, lécating first resilient means between
the wheelsets and the side frame members to attain the
selected value of vyaw stiffness of the truck, and
resiliently bracing the side frame members to provide the

15 selected value of lateral stiffness for the frame.

15. A method of increasing the stability of an exiéting

~ truck having a pair of laterally spaced side frames with a
pair of axle assemblies at opposite ends thereof and a

20 Dpolster extending iaterally between the side frames, the _

‘method comprising determining the existing values of vaw N
stiffness and lateral stiffness, selecting an increased
value of at least the lateral stiffness of the truck,
locating first resilient means between the axle assemblies

25 and the side frames to determine the yaw stiffness of the
truck, bracing the side frames, and locating second
resilient means between the bracing means and the side
frames to provide the said required wvalue of lateral -
stiffness.

30

16 . A method according to claim 15 wherein the reéuired
value is selected to lie adjacent a line éxpressing the
limit K_=1 / az.kB on a plot of Kg versus Kz where Kg is
the resistance offered to - a force tending to laterally

_—
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- 13 - displace the axles relative to one another, KB is the resistance to
out of phase yaw di spl acenent between the axles and "a" is one half the

di stance between the axles. 5 +17. A nethod according to claimp}s, orl6

wher ei n &t he braci ng nmeans includes el astoneric nenbers at opposé%%é?nds'of

a strut fitted between the side frames. 18. A truck conprising I r of

| ongi tudinally spaced 10 transversely extendi ng wheel sets. each having a

- pair of wheels with an axle extending therebetween, a truck frame including
a pair of laterally spaced side nenbers eadch-of which has an axle receiving
menber at opposite ends thereof, and a bol ster extendi ng between the side

franme 15 nenbers internediate the axle receivin

_ g menbers, ea%h of tge
recei vi ng menb@i§ehacsy it at 84e8n & Laddptkt FOeO8fe VI tiHeF axfes 1D he

mai ntai n the whggligehnden tepanas phrgHd et yebadispihcpment Ste wiast ovee i C
nmeans interposed, bet ween, each recejyipg t cgeunodat e
20 control | ed®fbPEMANT & t‘ﬁe°§,§|é§i?r8ﬁ§2&%%ua yg%afggfeﬁt&pgas{lt i"on and
t hereby deternmine the yaw stiffness. of the truck, brace neans independent

of the bolster et endi pgr hehWgeRJdel id deof CadR wIEIPess 160 WKy Lose the
| ateral stiff- ness of the truck, and resilient coug%ing means %%nnec I.ng

25 the brace REaR$NEoRedRs sinfd YdegnelAERBEAS 1St REPBPAR & RO HT&r 8BTS
provi di ng ‘a cosir al kegdut | extthid iderweaermsitbar sife. £Aamesck according to claim
18 wherein the brace means includes a pair of struts extending between the
sidefrane 30 nenbers each oppositely inclined to 'lie axis of rotatiqgn of
the wheel sets. . AAtrngik cRmprf 85 ApItd BRATNPE Lo ieidl aabl X oBBRFRG

nNeans ConpLose e@laddvd el d Ly P B RAS nighti HOBSe BelewRdN Hditing a pair of
wheels with an axle extending therebetween, a truck frame
including a pair of laterally spaced side members each of
which.has an axle recéiving member at opposite ends
thereof, and a bolster extending between the side frame
15 members intermediate the axle receiving members, each of
the receiving members being located on a respective one of
the axles_to-maintain the wheelsets in spaced parallil
- relationship, first elastomeric means interposed betwen
each receiving member and the axle to accommodate
20 controlled movement of the axles from a mutually parallel
L position and thereby dé;ermine the yaw stiffness of the
truck, brace means independent of the bolster extending
between the side frame members to increase the lateral stiff-
ness of the truck, and resilient coupiing means connecting
25 the brace means to the side frame members, the brace means
thereby providing'a.controlled flexibility in shear.

19. A truck according to biaim18 wherein the brace means
includes a pair of struts ektending between the side frame

30 members each oppositely inclined to :he axis of rotation of
the wheelsets. .

20. A truck according to claim19 ' wherein the coupling
means comprise elastomeric bushings interposed between the

* c L M S *



struts and the side frame nenbers. 21 . A truck according to claim 20
wherein the coupling nmeans provides the sole connection between the brace
means 5 and the truck frame. 22 . A truck according to claim 21 wherein >
s, are equally and oppositely inclined to the axis of rotation of{y
ts. 10 23. A truck according to claim22 wherein the struts
intersagf on the longitudinal axis of the truck. 24 . A truck according to
M wherein the struts are 15 interconnected at their point of
intersection. 25 . A truck according tig clai n24 wherein the struts are
received in webs | ocated on the side frane nmenbers and extending normal to
the longitudinal axis of the struts. 20 26. A truck according to clainR5
wher ei n bos%%%“%ﬁeaﬁﬁ(ih§k§}q§hﬁé&@ﬁ BEUPRESst r ut s adj acent each of the webs
and an el astoneric bush is |ocated between respectlve ones of the boss and
the web. 2 A tru Kk acco m ch _of he struts
ext ends th?gugh Pts EFCVE Vé% %%dgigg 5%2 s’ q oca egﬁgncPﬁg Yt on
t he opposi taesnaepmvtdll%s vidie tspkehecdnnastipn dedatamnerthe Bl;@h:ebmeagis_ ocat ed
bet weens t hea pi afige 3rudkdaie Web. 28. A nethod of inproving the stability
~of a truck having a frane |nclud|ng a pair of |ongitudinal side nenbers
supported at opposite ends on a pair of transverse wheel sets and neans
for connect@2ng thetfucktadeondiali tbecbady 21 heheateiod thanptimity aireser t | ng

equally and oppositely inclined to the axis of rotation of D A
the wheelsets. ;

10 _
23°'. A truck according to claim 22 wherein the struts
intersect on the longitudinal axis of the truck.
24 ., A truck-accbrding to claim21. wherein the struts are
15 interconnected at their point of intersection.

‘25 . A truck according to claim24 wherein the struts are
‘received in webs located on the side frame members and
extending normal to the longitudinal axis of the struts.

20 .
26 . A truck according to claim25 wherein bosses are \;)
provided on each of the struts adjacent each of the webs
and an elastomeric bush is located between respective ones
of the boss and the web.
25

27.. A truck according to claim26 wherein each of the

struts extends through its respective web and a plate is

located on the strut on the opposite side of the web to the

boss, an elastomeric bush being located between the plate
30 and the web.

28 . A method of improving the stability of a truck having
a frame including a pair of longitudinal side members
supported at opposite ends on a pair of transverse

N
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fesilient means between the wheel sets and respective ones of the side franme
nmenbers to reduce the resistance 5* to out of phase yaw displ ace At
bet ween the ‘wheel sets, and | ocating brace means with associated r S i ent

nmegns between,the side frame nenbers independently of the connecti pEans
to Increase the resistance to.a force tending to displace laterally one of
the 10 wheel sets relative to the other. 2 A net hod according to claim

28 wherein the resistances are selected_§ucﬁ'that an increase 4.1 one of
the said resistances provides a reduction in the maximumcritical velocity

of the truck. 15 yRlelsets #nd dhdadd Ude IR Ithea¥rifke gescribed

with reference to th cconmpanyi ng dr awi ngs. -
' ' vehgc e bo y,ythg methodg%omprising inserting

resilient means between the wheelsets and respective
ones of the side frame members to reduce the resistance
5 to out of phase yaw displacement between the wheelsets,
énd locating brace means with associated resilient
means between the side frame members indepéndently
of the connecting means to increase the resistance
U : to a force tending to displace laterally one of the
10 wheelsets relative to the other.
- 29. A method according to claim 28 wherein the
resistances are selected such that an increase *a1
one of the said resistances provides a reduction in .
the maximum critical velocity of the truck.
15 30. A rail truck substantially as herein de=zribed
with reference to the accompanying drawings.
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