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LMPROVBD BRAKIN0 m w  

POR MOVABLE BRID(fES 

WITH HYDRAULIC MUVB SYSIllMS 

~ t h e y e a n , ~ i p r i a g s e l , d r d a a d b n L a h b e s n l u s d m c o n ~ o n a r i t h ~  
drme 6yc.tm for oontrd of movable bridge#. With ths hadug t m d  to hydrmulic driPe systsmc both 
on oew cnnstrudim d W o d o n ,  the nerd fa modan bnLing cyrdsmr hu baams wt. The 
desigo, appliion, and control of large, ~ y d r a u k d y - ~ ~ " )  multidk bnLa 
iamvkwcd. Improvcdcontrolcapabilitydboth rht icd acoodarybmbgm dircnosd. 



In Eaet, the biatoiy of tmqaiation d o n  h o w  that the rhifting bses of *logy bas ken r major 
influam on tmqoit rrysterm. The United Stated M r mdqw d f a  tnnspartation technology fkom ita 
birth. As Hertry Adarmr n o t 4  "No civilized c o w  had get ban q h d  to dal nith phyaical difkdtisr m 
mdoua, nor did cxpakm warmnt ewvidion that Rlcfi diffiadtisr coukl be o - ~  

Initially, k m i p d ~ i l  WM W y  by nrtas. &cot& and rimu was h i g h ~ n ;  populltion d cconaaie 
dcvdopmcnt was linked to wr tewya  AAar ALbat CMlah's 1808 rrpmt m "Ronda md Canalf, htcmt 
inmud ia the davelopllent d bdtsr ~ m i o a  Next, priPrts tornpita md the W o w l  R o d  made 
wagom and rtnpmcbcd the modan k h d o g y  of fhia a Fonowing Dew& Clinton'r rucass with the M e  
QnaZ barges a d  artificial m p  enjoyed r b i d  buf romantic mign M m innovative mods of tramport. But 
tbe hpttance of ad buiidiq WM gnatsr m tbe ddoping the pml comn@ of tramportation rydQar u 
an Amnicao Icgacy. 

IntbetwodccadcabSomfhe<Evil Wu,Rilrotdrqphkdclma~~. Thanilrotdcnrledforntarfyr matmy, 
aa rail technology improved and r colltiwrdrl networt TVU truilt. In tl~e 20th aPltnry, the d o n ' s  low f a  tbe 
automobile in1 to d m  ~onrtrodion d new mdr The*5 road p r o m  ulthnatdy d t e d  m the i n t m ~  
s)atem that in so indispsnsable Amaia today. Tha latat tmnprhhn tcdmology chalhgjng the roak is 
& ~ f r a v d ; ~ m o f l i r p o c t r , d d ~ ~ o f ~ ~ l i r c o o t r d r y d a n , m d t h e h u g s v o t u m s d  
air tmports being built today rttwt to thh amtemporary d u t i o a  

T h i l r h i d n r i d ~ e a a h k r ~ t o s & d ~ t n o d r . F n s t , n o m m o d e o f ~ d n e r ~  
older f o m  complete!$ the wwsr fonns hva besll oPsdaid m the axisti* rydanr. Sscond, the pttecn of growth 
mdehanpisundcrgoiqa~hiflthrtiaunptcsdsnted Wehapa,tor ~ d s i g r s s , c o ~ t h e ~ m d  
phyldcai bani- duR Hemy Manu d e d i .  

1 . C.., M.", 3%. Oalt.dn.t" in 1*00 (C4.il.U mi-.it, h .... 1W1).  

1 



Tmqortation systems dcdopmmt b now limited by boundary Ekdon arb M amgmtion, cavhmmCa 
eonanq and -tal pbw Ma A plot of the rpsd of commariil hmpatdonfrom 1800 to 1950 
EU- that tnmd it the rpsd of light ic poudble by the nut  ca~airy; but the mn6m of tedmdogy in the 
g r o a r t h ~ f t n u m ~ o n ~ l l n r d y k n d i o g t o r w w a r o f ~ m d d a a a  

La partic~rlar, am rue eataing r new pham m WM the t vmdWh r m d ~ t d i i q m a m m t  of 
d o l g ~ w i l f b e t h e m a i n t h a m . T h i s c a n b e r e a m t h e d d v e t o ~ t h e d e d " ~  
of the U.Q., and win litdy be the mhal d d q t  in thh M d  for pn to coma 

-We will hm in- d s  to M o p  method# that dow d of the abq&m to apex& with 
minimum comtmhb on idjoining mhyakm. 

-1t will be ocassary to rlrply ioadngty  mphirticattd md i n W  a g k r i q  Wqua to dim 

ends. 

'Ihea an tcthemcs which && r badtdmp for thh pmmtdon. Movlble bridgbl M ~1 ex& example 
of this pmrrs of dcvdopmmt. Movable tridga may be M d d  M bridp-a log acrog r stcam could be moped 

to allow r raR to pa. Today'# mopsble Wgbl dm udomobile rod d w a y  tnflic to move morn watmwry, 
aritc~rm\in~~.~~ndmostofthaaW~hvebaminaristmcsf~roluryyan;butthsgha~sto 
be~~d~pedtomset~ncsdrofthemgmsndoal'hirpoarsofm~m.(pillrequin, 
r ncw anpheis on cost.tg&kr, sasstilt, md I& tcdmologg. 



ILnprovcd Bmking s* 
F a  M o d e  SbJscaas, 

GENERAL REQ- FOR BRAKE3 

Any dcvia that moves must mhrany be rrtoppab. Thb is ammpW through rolm type of h.alting 
s y s h m ~ A o d , a t s b a s i c ~ a b r a L e i s a d r n r i c e t h r t m ~ ~ m s r g y h r t o h c a t $ n m p o r t i o r u o f r  
m o v s b l e b r i d p m n f t b e r t o p p e d , r ~ ~ u n m d e d  

1. The~smWhve~ci~torqwtodop16eloadwl~~motion,dtoboldtbeloadmr 
fixed position. In addition, it is deuhble f a  tbs W e  to allow m m  motio~l when ovedoadcd, my 
b y i c e l u o f h a t ~  

2. The bmke must be capable of being appkd both d v d y  nnd pnidy, for n d  mtrd d for 
a n q a y  control. 

4. The W e  tytm &odd be integratsd into th, othea m d d c a l  ryrtsmr m the Wp it*df 
coqdsing r highly nbiaMe, low-mnintauncq v i r tdy  "fool-pot* device. 

Tha maj~rity of older movable bridges in the U.S. today am controlled by elschic motom, Gcat lryasms 
driven by electric motom mum bib d o n r  to mow lad mtum to dKdr original podtionit O m  thb ysars, 
flaws in &we uystun~ have become s p t .  Ehtrk motors tfrst pmatc high kodr of torque an kr& 
expawhe, and can be damn@ by humidity lad lPliw mird. InrJab'on matmi& am rub@ to gradual 
detaioration dw to ozone gmmted by 16e lap moton Aud tbcaa 6ydca mqnin, @odic @cstion of 
lubrication to ensun anooth operation nnd long life. 



hthap~rtdecsde,bYQrulicdrme~hb&ndePdopbdlurrnglramcatfor~ddasysterm. 
WhikddcpowabrtiIlu&d~thtb&mothfm t h e d  t o m a b r d t b e ~ ~ t p r d o f  thsba~~dec t r i c  
motor is mmi by tha bydroatic d r i ~  The ~ t n l  f w  of thit tgps d lydan have b m  d d M  
slsswben, but bear d m  for tod~~y'~ d i d o l a :  

-A mtnl d& motor, operating at r fired rpbal (lo., m AC motor with minimal cwtrdr) p m  
1 hyrl~~ulic pomp. 

-The hydndcpmnpformrminenl oil to ow ormore h~ttlkmoton,arhicbdriPelnrge gesr boxe. 
The -and flow of this fluid bcontroIkdbydva to pvidscontrdof  torpusand ilpcsd. 

-The vm of byQatdic moton allow fluid p a w  to move ths inididp d o n ,  and to provi& hydrostatic 
braking for dynamic utopping of 1 4  

-The use of r haking rydem to bold Ion& in position and to provide mndary or amergency b h g  
in the event ddectrical or hydnudic8jvtanfaihm; 

THRUSTUR BRAKE DESIGNS 

holdn:dedricsystnnqWgwasppidadbgr.thrustor"~q&as~llbsl~~in~pml.Thernain 
leahues of tltk brake am dativdy +le. The brah b r double-acfir~g hoe type, ooupkd to the drive rydan 
throught&cdrtnn. Themsinforce for t h s b n l r s k p W b y  r rpringload,whidrfatuthc hoesinto the 
dnonsurfscs. Thehnkeis t h m k a d  by r d s k r c h i c m o t o r o r h i c h ~ m ~ u Q p p i d a o i l  p.csmae 
m a cyiioder, which m hnn r a i ~  a phroga. This pllmga than eouotas&s ths pi118 f o m  and dea&s the &oes 
from contad with tha brake dnmL 



Impovcd hkiog systanr 
For Movable S m  

Thin brake caa be cona'dend a type of "hkafd dcaiga. Wbm dedric pcrspa k mh.ITUpfbd, the oil pressurs 
supporting tbc plunga will drop, ths @g nill p& the php tmck into the cylioder, and the lfieg win apply 
tbc brake. However, it has D ~ ~ ~ U I I  d r n w k h ,  dl of whicb cocompro* rafaty d mbkdity. 

-Thing for umgmy (or "pmm") application, dfbough adjlrrtable h scum d o a s  of tham units, is 
d i f f t c l ~ l t t o c o n t r o l . ~ n d j u s t m c a ~ u a r m d e , t h e y m u d b e m a & o n t h e b r s L s i ~ n o t r t a ~ b s  
location. 

-The brake it.& is upod to cmimamtal contrtmiastion, Pnd is 7mlaerable to corrosion. Although 
protectkc coatahen am often availabk, with arh brnker, tiq am to install, and add 
conaiclcrablo enpenaa to the braka 

-The torque capcity of the brake b limited by n&g rizc and d . m  im. Ibe aston of tbc design ir d 
that a vuy large physical dm is needed to atfain tbc krge torquer ~~sassary to pvide braking for 
m M e  bridp. 



-The rise of r hoetype deign lead# to high loading on the &dim pad&, whkb in turn raw dOllifiant 
r a t e s o f w a v w ~ t h e ~ i ~ m ~ d  .Thtaehighmtaofneu~scttfierarinpload 
dgniticantly, c o w l i n g  h q m t  adjuf&nmb of brml to rmiotain lpccified torqus. 

-The i n h d  complexity of thc tlnusta msctLanign I d 6  to frequent mhlmma The trad of the 
pl~,~ld~iedbytbe@~lodtfiebqurlizstimddcarruIceonbothlhoamartberdjusted 
at nplrlar intuvda to prsem propea opaatias conditioaa In Itdditioa, ths taschic motor which p o r n  
the Ulrustar nquinS annual fubricstlm d ita tbedknmlmtbethwtorrmrstbs~edand 
npleniehed n&dy, and the bearing pin, that am the has to pivot nmrt be oiled paiodiany. Again, 
all of (hem proadures rmgt be paformed on tbs bnLe itedf, warhirb can be dif£iadt in many hi& 
darigna 

-Due to lfie podivitics of hoe, brakes, the brake carmot dip dmoothty under o w  load conditioas In 
addition, the tmdeocy of hoe brakes to fads unda dpamk loading nduca pfety and disbility in both 
ow~oadrdipcydcs~~uanasaacpcpder 

0 -Becalm Eriction l i n i  am mnitiva to tsmpanhaq and torque for hoe brakes b r non-liaear W o n  
of coaaidant of Won, bnks p e r f o r m  aa be quite vatis& &om win& to wmmer. Agaia, a 
mgniticant reduction m safety and dhbility am r result. 

-Thm an numerous mechanical para, dl of .which am djw4 lo Eatisue, wear, or 0 t h  modes of failure. 

All in all, the tbmtor brake hnn mmy tlaw It it r p r h  d d n t e  for nplaamant in my radeaigwd or 
&&isbed bidga pro% F M q  a suitable rsplacs ir a pod  aaiople of la opportunity for inammtd 
iqm-ts in movable bridges. 



Improd BralriDg syg- 

For Movable Str- 

SAHR MULTI-DISC BRAKES 

The rn~jority of tbe ddbcb idmt&d with the thwtor hh CJUI be owmmw with a p ing-qphi ,  
hydrau l idy -dead  fSAHR")tiple dibc bralre unit. A typial desigP ir &own bdow in m d o n ,  with 
the important featma idmtitied: 



~ v e d 8 8 K m g S y h m (  
For Momble Struct- 

The m f i a l  demcnb of the brake am simpk. Hydradic pnssun is ar@d to the bnkq eaodng the piston 
to m m c  Ute spring form and nliePing all damp load &om tbe dic pad, deashg the W e .  When hpdrwlic 
pnssun! is dimtcd 5 m  the bnlrq dtbcr by ddibmb cmfrol or by fnilm of the hydxauliic system', the p b n  
k d r b n b y  &espriogsmbthediscp&.~drunplolularasaMio~~bsCansathediax 

Thediac@conSis4ofaltaaCting~ondrscc(ionplnta.Ibefrictiondirauedrmaabyr~ 
arhirbiswmcdedt~the~~oftbebridgs,jastrsthedamnisdriPmbyrmaftmthethrmdorbnlr~ 
The d o n  plates an mscbanicilly grounded to the brake bowing, and cannot rotate, although they m fns 
to$i&~theaxialdimction.Whsnthe@~~thepidoll~dirc~firiction~anthe~ 
friction platca nnd d o n a r g  &on platea aestcs braking toqua 

Tbe desigo is quite cmpd md has fm moving partr The motioll of tbe pistm k continuouafy l u h h t d  
by the atpply of hydraulic fluid. Ths tdrml area of W o n  matetial is wry 1- m compdon with r hoe Me, 
~gtomv&lowerd~mthefridimmataial.lhismsnrthaWeumnebkansit~to~,m 
fad, inmost b r i d g e ~ e a t i o n q d r h a ~ e a n a l m o d b e ~  tobevearba,'. lhnumberof pinIP 

9 can be large, aod the mount of toque pombk m I g k i  diruneta k mu& l y l a  &an with a shoe bmke. 
- 

b u s s  t11e W e  k a dinc type, it is highly neiltgnt to fads m d@ oa. In tddition, boarna to- is 
r linear fimction of coelfident of M i o n  h r d k  dasign, wrladom m psrfonnaacs with tempaaana ue 
minimid, 'Illis liwat nature lleo allows r pndietrbls torque, whicb is wrmgsrg to lchisPs r continuow drag 
m the c m t  of ovnlond on the bridp structum. 'ha rdstmsly thin pl~tsr m the diac pack ue slightly Badtie, 
providing excellent cantad behrrxp! the hictim mataial d d o n  m t k q  tbeas u no lengthy b u d i h g  
n?quid to obtain @cd toque M s .  



Impvcd Bmlting S F  Novanba, 11990 
For Movabk S m  

Thebsaicddga h d o d  and csnbe casify aalsd;tfiir Ily rrduaa the pogibility of conosiao or 
other environmtal Qrmaea. Tbae ir a fine marh Elta plug in tbe bottom of tbe brake bomiog, which will dm 
my fluid (d ss r d m the fiston d) to cscspe. Owall, tfie d for paicdic maintenance it lhpod 
n d s t e n t .  Them im no taquiranartrr for rwtim rdjuchcnt~ or lubrication in fbe bake. 

Sithe~rbraLecanbemnrmallyndsa&dby gttrerdjortiasmtoathsspting,alhailat 
multi-bolt rdme msbanim h baa hrpomted in the ddgi .  If hydr8Idic p.cawre feils, the hebolts ire 

ti$tewd, pudaing on the d &sing the brake. lhir may be doas gradually and &sly by a maintenem 
worker, allowing the bridge to gentlg mow into position m ths went of r rydem malfnndion. A l e g  collar 
haclbansddcdto~vibntion~m~tfrebolttintathepi~~~muMmtrnferaaritbppx 
fundion; 6 locking h0Ml the couar in ths co& +tion for n o n d  opaation. b an win no?, in the 
d i d o n  of sy&m daarnts, t h ~  ir the only o p t i o n  tM must be paformed on ths M e  phyuically; d l  otbm 
can be performed d y  by hydra& controk With la additiod feahas in the hpQwlic c h i t ,  thin Rmction 
can 1540 be flcumed mtdy.  

SYSTEM INfERAmON BENEWIS 

While the brake design itsdfmpmtrr a denificant .dwom m co-n with r thruutor-nhoe type, f u r k  
beoeiits can br? aen aitb r SAHR dssip wbta r hydrullic dripe rptem h amd for motion control ao bridge 
secr iona~ocnnabaa~tbebrc l te i t&l f i r tn~putdrhynlros ta th:dr iw~l trdbcca~&f ln ld  
porn is wed for Or amcontrol of thr take. 

'IZla most rmbstantial rylrtan b c d t  is ths ampleto conldidab'on of braking W o n  within the hydroaatic 
drme/brale SyFtcm. Mod momwnt of the bridge d m r  can be directly controllad through the hydrwlic d r h  
moton m the nystem. Motions that are opposld by gravity or systan fiiction can bs OW by flow though 
the motor to OM tfie comd dochRirs rotation of the motor, with propa valvir~g and controls, hydrostatic 
f o m  csn m maintain the brake m a sst podtion. Al-y, the bydnuiic motor can be u d  to m m  h e  
secriontothedd~tim,andthebraLecsabs to bold tl* d m  rafdy m that position. 



+a Improved Braking S m  
For Movable Strucftna 

Motions that am d c h  by gnvity eea be o& by the hpdra& motor aimply by mmng the flow 
dindionfianthepmq,bthemotcc. WThirtheMeofthelnoddifficoltbut,dnoddynrunk: 
bnsins. 

A very bportent doty intsgration dm ocaur Kith p p e r  hydraulic &wit desigu. &caw ths brake is 
n l d  when hydraulic ~ L U I E  irr applidd, cormbdiag the W e  pmam port to the hydrsoiic murcs that powar 
the hydrBUlic motor ~MUIW r W d e "  meo~agamot of the brake m the event of r h y d r d c  Mure. With 
proper control$ thia can o c ~  quickly and &ably in emccpdw but can be controlled to apply dowiy 
in the e m t  r p l a d  bntiog cyde h neassrup. 

Tb, actufltion port hu r hqa dimmtec (BAB #5 d i g  port) tlMt d o a n  ths hydraulic p m m  to be 
dumped rapidly for enasgeacy b d q .  The &pM, mod nliaMe method of scturtdng brake doatly irr to 
meta the dump of hydnulic p.essurs asiog a hottie or acsdle &. This doan the eolcuation of hydraulic fluid 
from the piston cavity and delay application of rpring faca, dawly &g the M a  However, it b bqurrlly 
~ r t a o t t o e l l o w t h e b r a k e t o b e r d e a s b d ~ y m t h s t b r i d g e m o ~ ~ n r n t c a n ~ ~ y ~ t h e ~  
cyda is complete. 

Thia can he accompIiIlhed wing either a pilot opcrn!cd or solrmoi dump Pshn, in conjnndion with r throttle 
Pshn,. Figm 3 ths opedon  Kith r pilot opaated Pllvs (which M g c a d l y  a- to be the most 
reliable method for an SAHR brake), but the pMpb iUodntcd u rimihr for r dwlsooid dump as wdl. 

Wben tk ppum&providap~essurs to ths brake, thepilotprassurecloscw theqrhgloadin tlw dumpvdve, 
and spools the v h  to the fiat poa'tiitioa. In thia padtion, flow fmn the pump to ths bmka can procecd rapidly. 
Ihs dump to tmk u bided whsa bn, ualos ir ia thia podtion. 

Howem, %&en p a u m  fails, the crpriug is r e l e d  spool@ the vnh into the m u d  poa'tioa Tbe pump 
flow is now blocked, m d  the fluid within the bnhs is pccmkd t)y bn, @g& in the absents of say 
obtntction, the flow &om the W e  back to td would be rapid, aad the brake would wlsol~age rapidly. Using 
an adjmdAe ~luoltle vdve, thia flow an h m&ed over a ~ ~ n t i n u o w ~  mge. The dowa bw, flow, bn, dowa 
the engagemmt of the brake. 



This arrangemitt has ths added attraction of bciag adjustable through the throttle valve. The rats of 
e o n  a n  be adjusted to fit the @c 0 a I t c a n h b e a d ~ m t h e l i f e O f t h e b r ~ ~  
wear of the fktioa matuid graduany dmgm the qaine rats within tlm brals. Momom, it ia, like ths Ma, 
a "fai-anffe" contd systan. 

F o r r a p i d ~ r t o ~ a r c c o a d d m n p ~ c a n b e p b a d b e t a n s ~ t f x s b n t s l o d t h e p i r p r u y d m n p  
valve. Tbis v ~ l v c  would have no nstridiolr on the nlea& of Buid to the td and can be eagngcd quickly for 
e m c r ~ e o c y . ~ I o ~ ~ e r r + , b t h e f f o r a o f r a p i d ~ o r t l ~ r n r y b e ~ i n r o m a b r i d g e i r y l d e m s , a t r h ( m  
urangmmi irr not h p  add. Alternstnsly, 1 thm way oltoe could rlro bs msd to @am ths psk of 
qumtiat two m y  vahns. 





Improved W i n g  S+ 
For Movable Strudurcr 

SUMMARY. 

Hilrtoridly, dactricslly controuaf -or M a  have been nred to provi& rtstic nod mnnsency b h g  
for dbdricslly controlled moPrMa bridge eprkm Theno bnirm hw marly design flaws, &Q cornpromi& d e t y  
and reliability. With the advent of h y d r s u l ~ y  controlled nyctam, the integration of a e g q p l k d ,  
hykaulicslly-ded multiplcdiIc hake an add 1 denificant dc#w of dety md contrd mmtility. 

This addition of rafety and vumtility oaxna Erom the hte@ Wgn f ahw of a SAHR Wgn, but nscb 
ih MI kvd w1m it ir htcgrated mto tbe hydraulic controls for the complete bridge ty&m With p p a  ryrdem 
dcuign, a higbly &Is, dm& and dundandy mfe control r)7drm for motion ean be integrated into my 
movable bridge. 

Such a devica cmmpb o f t b ~ o f c o ~ o n a n d  ~ E a l i m p o v e m m t  o f d t h g  
transportation systems that will be a dominant thems m tbs adq dun&. The ~~b deaaibed for the 
control of a m o d e  bridge dew greater ntility of the taidpr ibdl as wdl u clahroctd utility m om anall 
went of the trmportatioa @em, permitting t*o mtnph~m to opmbs with minhwm comhhb on 
adjoining subPystaaa Thir techodogy shadtmmdy apenda ddy, idiability, aad durability with a 
rabbi- and reconditioning of existing mochna. Thir type of t z c o ~ o n  mpluwh cost&- 
muftifmtd, and & tedmology. 




