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Disclaimer ~ ~ - - - 

I t  rs the p o l i c y  of the Affiliation ::! providp a .;.em far :2fomatro; 12rsrciar.ge. ;i  30ES BOT 
irmaaais, recornend or Enaorse any ot :he ;3r0~.at:x 1;:srxanea 3s I: :e:ates ;a 1 9 s r j ~  
prrilcrZies, prycesses, 3r oroauits ?resented at :ne i.mpos:'+? arzisr ~3~a::ep ncrgn. 11; :ata 
are theautn~r  s ano NC7 the Affiiiatioc'j. Aoolicatlon of ;nfomat;on in:er:rangea 
resoonslbiiitv of :he 3ser :3 validate ana verrzy its iategr::y pax :3 ise. 



?.. 13.1 r,,.irpose of '-'- , ': .'. j -  is prosin: solre of :'-e f%--..-.--T -*--,' 
. . G < : L - - = a  *2c:.: i l l  ~5:: 
. - .  

;-;c+;jnici: 2iei-;ri,c:ll ilr;-:s ;r.d C311rrOL jysti:r. f o r  the E:l:iiir.~=On :;i;rZhE?.:-. 

- ,,.;. ilroao . . 1 - c- b r i i g e  ,-.----- * - -  : - - -  - .. L - i , \ i iLamezte .Xi-:ez In ?or:lrnd_ C'rerc?. - 

TIIe : - ,c,c is o: -'-% _ _  . , a  span dri-??. 1;x;:t - .  ::s;~:- 2 r ~ a ~ : ? i : ~ r . ~  rei.;-e;r c:~-;-ece" -2 

ons ra t l -g  d rcns  a t  SI-5 corner  of :he sFan. 3. C. Shs.r: :co~i-,d e l i c t r ' i c  mororz 
. . . . Iccareb con;*. the L ~ f :  =--.? -,.> ai. i - r , L ~ e  tne 3 0 7 2 ~  ~ i c e s s a r - ?  t o  r a l ~ c  

rc< lo1~;*r l if t  ;:an. 

,". ,;.ne Eur?i :..: 'or-'-*rr ;taLlrnad c;oss;ng of 7i.3 --"'- ---a "'----- :- ----- - ' ... r ~ ~ L J c K ; .  . \A . I - L  A L L  L . , -a2C: 

. . - . . . .  oregon c o n s i s t e j  0: ;iii?lt:>ll. do:cj:; ::zat.k rrliro. ._d :r..Qjs s;r.-L;. Li:cLxc;,c 

-: ?". -rossi:-.g ?;as s :;i foo t  l0r.g double t yac l :  s.iii::z s can .  ;he rr.ic;d S - , . - e . ;  -. . -:x...-- 

coas: c u o r j  declt::d s?ie ~ - ~ ~ i = c _  span c s  a ksrard t o  r - t - i - - . . - - - - -  L . L j d L L ~ c  rnd i s s l e d  s r d  
.. . . Order t o  A l t e r  ucder provisior& of En;- Trwntn robus .A.c: a s  amended. Eeca,jsa 

- .  . . -. of t h e  Order t o  A l t e r ,  ;he Sur,l?gtoa >:orthe.rz-~ Ra'lroel sngagio  t n e  rrr i?  o i  

iioxard, Xeedles ,  Tam:in & 3ergerdoif  a; e~g i i - . e r r ing  c o n s d t a z t s  t 3  s r o v i d e  

a s s i s 2 n r . e  i n  coaplving +::ith ::'ye r equ i reaen t s  of :he Qrde r  t o  A l t e r .  

. . -. . . In order  t o  co:;ply ~ l t h  -;he requfre i~er r t s  of  thz  Lrl:oa Ssaces Coas: L1:i;rd: c':le 
- .  . . x i d t h  of rhe ex i s t i r lg  na:rigation c:~iir~r.ei nnd t 3  be s r g c ~ f i c a n t l : :  i l c r e n s e d ,  

The i nc rease  i n  t h e  channel width recuirement e f f e c t i v e l y  l i n i t e d  t h e  t p s  of 

nova j l e  spa2  co a v e r t i c a l  l i f t .  

. , .  in i n snzc t ion  of the  ex i s t i f ig  br idSs :nci-csteL t h a t  ::he s:r~-c:ure -,,;as in a 

.. . . , conoltron soch that a to:ally nex S:IUCCU~B cross in^ - was c o t  t o  he cons lue re< .  



,..-...-- - . '  . . - , .  3 .  t:lrs cop~;:i~z a.1 off . l  i p n  .- ri _-?_ccenerr: 7 - .jf ;he existin- ::rcssir.c - 
-'-- -_zLCd 35 as epiicn. 

TL > ' ... &. ,;on with ch; type cf marine traffic in ..ne & L . L  sl;e cor?diticrs, i.r coirhi~aL1 

e].<,.i-i..a:e& the optia-. of a z:-ijl)r stif: in sailir; line rixzer, 
- .  : J g ,  a c-0 1;rr high%;aj Sridgs, :o>;l?st:ea!:: of ;he site 

. . rquired r h  rst~ption ?f the e:::stlr,g sai1ir.g lire at i:kat ioca~ioi;. T1-e 

-% 
, traffic in the area icc:-;des .jcea:~ goirlS -,-ess?is. ic:ese >:esj-.l 

..---- *- . . L,-.,;l:~r r;dif :;xrcut ;he use cf t a ~  : .  . s i t  regcrc to safe a 

* .  . . . aSsi5Pi2Ce ei:El':>.jt?U ti2 0'3ci3ri of ".q-,7 .T.-'or ='~. . .. . ...,, ~n ;i:e e:;<sti~-~g sarilcl: - 
. . ie::.een the St Jch::s bri&ge en<. ;:.; sire. 

. . .. . .  - r ~ ~ ~ i r e ~ ~ e n t s  pri-v~lccsIy di~o-;ssta ix~~;azid tbijt tke DS;< L L ~ S  spz-i.. shosld 

?lscid 5:: :he 1ccation of tke ezrsting sxirg spar. ??ce chis ?kcision ;-as 

rcyached, :>e leng"? of tk.2 iib -?-- zes leternined b2.ced usoc the physical 
. . rs;-rairri o5 the 3~1;'ice~: ~~2;:s ar< tl~.e rr,j,ri~>::z rLp.-,~i~a:i2:; 2>.2.:?re1 reag.Lr2- 

0 

:nerts - I . , - - , - - *  L.A&<, .Ar -  n t:,.e si:e Ye%-o-,<--. .,,. A: .~ - -  .." *&.. Li_O?.. 

- . *  Tile s=ructva::ii concept studies corcladtd that she I.ifc soan -;as to be :i d ~ u u ~ e  

crack szr-scture wilh a iengsh oE 516 feet center to center cf bearl>gs. 
. . ?:ai.Zg~rii;n requiren:ents elso ieo::ired thrt t h e  lift spin raised a distance 

of abo:l; 1 0  fi-e: ~o zest the: reeds of -....----- ;blL;~r. .-I. 1.iese requirener.ts ;~e:-e 

. . used is basis fzr stud;;in; :he :~;ricr;s ~i)tio~s for the ar:-,.re 2nd contro1 
, - . -  svsrels for rna iirt span. Options srudie3, ar.d presented to ~ h e  &rlington 

. . ?;c~t'ern Railroad inclri.ed the ~ s e  of a to;;er ar;-re, . . ts span cr:s7e and a 

coir.bi!latis:: of the two. 



;. :~-*-er ?ri-.re ;ys:e3  aces the  d:-i-re s;;sre:r a t  tk.2 t r ?  of ' ; h ~  : ~ > ; e r ~  i t  eSC:l 

. . 22d of ti:& l F f t  sp;ri. T;?e span i s  nor:asll.i --;jea ;;>.? l ~ : ; ~ r e . d  jv forc i r ;  ~ i : ~  - 
, . si.csela:r,g -0;. sl>.e;,ves c.z to;- of ch.e toiqers tc, r ~ ~ a c e ,  T:-t~ ;I..e---s ic:rL:i3:: 

" - - - .*~*-,", . ' i,> r.,,,,,., *LL.; forc3:i 5:; ~g\-;):-;-.& .l L1""r 0" 'i.... s>se-7i an? d r i v i r -  .5 '--?-s > -o.:-,- >. .. c.. .~&-. ,  

. . .. - , - . - ".' . . . . - . .  
, e '  *ae  ;,rn;an &ear i c  r?ta:ea s.: =_ s;sts:i o r  2l;ner gc2r - ~ d > ~ ? . c e r s  

k 

>'. a k..,> .?,?. . - ' 
. . .  - .  - u ~ z i  S Y S C ~ T .  zo:13ecc& to  elsc;r1c ~:r:ye ;i)a;ors. ; r i c t l ~ " ?  je~-,;ee;; 

:he sus7erd inr  r33e S"z2':ti. a:):: :be scsve::dir.; rSp-)l :rll-.sf'-r-; :'>* *eleS.iJ.<~.'l 
3 

. 
zlo->7irI~ fo::c* t o  ::~.G ScS3e:-:<~l:-.g :.-~::,2s 4:2...:sir.g =*.e s3s:,. zo e i t h e r  za:se 3: . 

l e i - e r .  

. . For t h i s  b r i d x e .  - a r o t a 1  of fo-r sss?er.fir::g rope sllaayes ~*.zre requirz!: in 

order  t o  s ~ p p o r z  ;he l i f t  span ail2 coi . r ter- ,~ej .~h:  - a: each coi;ey. ;i-.Fs ,-lficsl;al 

requirer!enc red-ce< ti-.e aaa< le j12  space f o r  s te  - p r - - ,  
. . 1 t o ; ~ e r  d r i v e  ~ a c n i ~ . e r y .  

E~~~~~~~ .,.-, of t h i s  r e s l r i c t i c r ,  the -92 of i i e  rower -rou;d :l-;ve to he ?a rge r  than  
. . -  . . w3?;1.6 be reqt:Lrid ;or ; s3an dri l ls  o r  3 i;-crs :?"~rxai  toxjer cir:ve b r i d ~ ; ~ ,  . 

spa" dri.ve p l aces  t h e  ari-.;e ?ai?.Ln-.r.r on the  l i f t  s p a r .  C?hl?:.I and ?.o:cri?~acl 

operat in;  ropes a r e  locate:i  a t  each corr.er of the  lift spar.. %ese ropes a r e  
. . i t t a c h s d  t o  o?e ra t ing  i r ~ m s .  .?ctatil:g :he i r ~ n s  i n  one c I r e c t i o ~  will cause 

. . t h e  uphaul ropes t o  s;rw onto tkie d:~;rs and che $.c:mhauI rsi.*s t 3  ,~?\.;inr'l 



. . in ,"-der c;l:aLlz- ai.,>ufi; of aovinei?:; of :'-2 ;if: spa:: c: e:.:!, thZ 
. . oper.;t;r?g dr.2.0~ are -cr?al?l;al> copn.zctej ro each ocher ;;'iroi*gl; 2 svs;~?. jf - 

gear. relucers a d  sb.aftirg to a coms.on prime rover. %is rechsniezl 

inte.rcor.nectiori h,<.ll. czuse each of the cpsrating cruns to rotate ti-e sene 

ainoint . 

. . - . -  
'!.':I, co!:c>ina;ion dri-,re studied co~slsted of pizcir.: :q,hau: roies, col+,~.:;ajL 

-. rorjec ;ci. opera:i-i; &rums st esci> corner of ti-.e Lift soan. itle oper2:i-c - 
. . drl;ais a: each end slere then cor-nzc:eg ::rro;gi ii s:rste!t of re1.~~e;3 an? 

staftins to a prime mover locarel at eack end of the lift span, 

- .  . . sac- of the s.isters sruc:ed ka:.e re'_z:i-.--s advantjpcs raspect i,c. sac!-, - 
. * h e r  These were presenrsd t3 t h e  3zrlir.gton \:orther--i Zzilroal for -heir 

consideration. 

,". . . e tower ax:-;a system has the ad-lzn:a;e of rsdccing :he cost of ihe 

mechtnicil 5.:c;tem versus a span drive. This cost rt:uction is ;:alnl-t the cost 
- .  of the drive shaitrn; ree~ired to connect sackL erd of ;he Lif: ro;n. 

,rre tower dri-.~e sysri.3 ha; the rd;-rr,t;ge of ,., the size acd the cesc of 

tke stri~ctural nieinbers of tk,e lift span. This reducrion is due to the fact 

that the lifc span is not required ts support the Yeight of the iongituclinal 

shafting and the machinery require.? at the center o f  the saan. 

span drive system has the adventage of a si3yLi.r znd less e:isensive control. 
. . system versus a tower drive. This sinplificsrion 2nd cost reduction is dus 

- - 



- - , A :  : is - -.-. -,* -.>:,n .=-. - - - - - v  span driv;. . L.;e :.!.L.; - .,. s I....;r: ..-, -d,eL dr'--- ---- L..!.,e . . 
slectr:.il -;:2y 37.1 C~;>.:;C): s-;s:s:::. 

-. ine ;:irlLng~or, :;c-tl..eri .izil:oad szlecr2d t-le _il-.r, .I::,;e i-strx fc: th<s 

. nrlngs, . .  -, r n i  Tin.iec . . States Coas: Cunrd agrrej to sartLci3acs Lc the c ~ s t  of 

- h 
-. . . L;je alteration 'cased ::pox t5is i-.ecisio~. l n e  aiiihor is r-.ot faxiliar .;lt_? 211 

. . the rfasoning ::se;i in rza2h:ng this deiisio~~ h3;t solre C C  t?:e ~ ~ n s ; G s r a t i ~ ~ s  
L 

haye bezr assxzet. 

The Burlington ?:orthsrn Zailroad ?ersonp.ei a r e  n o r e  used to the span 
- .  . . s)rstern. :<ost; if r .o t  all, o f  their iift spans are 3f -2;. sven r ; r ~ v e  tx;pe. 



. - . . . . -  
L a  . a- ' Qc.caiise t::* ;::: saar. is r;-o.;lreo := LUppCrr 2 dC;:::,li tra& 

. . 
, (:he 5?.l-,9i.i.z:nz . . ~,i:~bers required -0 p-:>vlce kdeq~~ate si:?port L; ;*.*--.- .< ..-, 
la-a -her to '-:- -.,e additior,al ano,in- rec2irsd to pr-->Tide ;he snpport 

.. _. 05 Lne 7k.l~ ratis is clcser to c r . i ~ y  t ' - - 7 3  -,,,,. :,:ouLd se :he 

squj-ra1en; ratio if tke lift SFan had 3nLy to scpport a 5i3g1~ railroad crack. 

. . , y : c i ; l s n . - d  :<? - . . -.-..- -, 
, .,c-c >:ss:#l,i. ;: tl_* 

r:leax;ss to :,'-:.-:, ._.;.Lie friction L<~sses ar ::.i.s loia:Lor.. Acccrdj.~.g to the 

Torr-nc;o;: ' ; c ~ ? ~ ~ y ;  . - 4  .--a ' . 
3 

J : . r e  ;:ere :;le larees-, 
- 

, y : 0, a . , a : ,  iha exrans;on 
il .' 

- .  or floating bearings $.a.,e a 30C rj7 ( 2 l . a  ~:~ch,? bore and tile fixed bearin-s 6 

have a 93C En! ( 3 j . b  inch) bore. The fixed bearix~gs ha2 co be larger because 

O f  the b ~ z i .  -..-,-j~~~~.-+ L - 4  -.-- . . t L L  - % - -  L L . l -  -;.=,$ be capao~s . . of :esistic; a sidexays thrust 

7 ~ o a o  - of 15 percent of ;ha radial l o ~ d  in acjlition to t>,e raital lo;&. 

-. ine ;o.,.er &eaves are composed of .&.STIi A36 st'ee; weldxecrs ir. co:i.bina;ion s - i t i  
-- a ~ ~ e e l  forg%ng for :be hubs. ire s;ezl veLdments -?re stress rellered by 

prior to ficai :r,achining. A d  no:> destructis.e :stir.g was 

. . cont.acted after machining in order to pravined additional quality assurance. 

The pitch diameter of the sheaves is 200 inchi (16 feet 3 inches) or YO Zimes 

rhe diameter of the ssspendlng ropes. The sheave shafts are ccmposed of an 

A556 steel fsrgi?.g wi;h e dibxttzr ?f i 2  inches at :he she;-.re. 



. - .  * : : j :  2 .  e n  0 3 .  is - a ibie 
,ri, - . ssan. The jusil;qi couP.ter:.je:g'.i: is c------- . :c r.ntse .znchcrsgss by 

6 . 1 1:; ip,ci>, .::.-- . -. 
h~~~ ropss. The c-:.:re:-.: 5pec1r1catfons loes =or 33ecifical7;7 

. -. . ,.d6rsss reql;ire:-en:s for these .-- , . , ; , . E  - ropes, 'rhs spec1::~iti~~i fo; - I - >  . -&in 
. . . . suspencirz ropes ;;*re i'olic>;;io in order to jair :xa:;im;i iii* ?cr r k e s  ropes. 

<, 

Ct .,;ire roses -,;?ss o--e: defiector s.ke;-:es s,;c".fhz: r i , ~  &u:r.::iary coun;r. 
- - ,,,;eight exeyts a aa:<i:r::1 us:.jard ;GAL 0.1 :he s 3 i n  .-;he:: r o  ;?an is eo.,.,~~ and a 

czxi.ic~2;i. Is~rl;.ar-', psIj or: t h e  jpjn the span is 1;3. 3 .  6 , 

auxiliary cocntcr7<ei,ghr has no effrct cn t h e  lift S ~ ~ T I .  Tkis t ~ 3 e  , . oi layout 
, .. . provides for t h e  sasinvm e;r:cre:.sy of thz zu:c:i~ar\- coruater.;eig:?t. T,ising 

this rvre of la:,~cu:, the a u s i l i a r - ~  coanter-eizhr need 0r.l~ :,jeigh a?>cct -. i 

. . half tl-.e aizct!;-.t of t ? ,~  ~-~qi;',red balance ar.~;:jt:-;.rt 



. Def:.+czc~ she;-;es _re mgi:nte?. a; each r:airi front t o ~ e r  leg near rla lir't of 
- .  - .  "'li'c la\-02t is that ::ie tiie spin &I-.c. ZLSO R the top sr i-fie ro:iers. ..-- 

ausili.5r-~ csi;n-,er~e:~ht is ;ocaced .,<it;",;~ ci7.e tower col,m!ns and also ?rovides 

for rair:te:~ar.ce access for nosr of the syste~. h: the top of the to~ers. This 

mi.imizes the cost of additional xainzenance ulatforrs. 

O?CK!iTIXG XCPES 

.*. . . lift -r.a:-, :zcci;:-,lry :jar jc;s;r,-i.: ?:s ac-_.-z:2oda;.$ a dead Loid <x,bsi;nce .. 
54,~$(; EoiLcd; spen ;:c::T,7; r;* tilr; -a_:. -cT,:r aosi:ion. a,,.L,ior -*:A:-; other iozds 

. -. s-2"c-.:'ed by t:,e .r:p<z."h co.'ej ->;ere Ls*,j wit:i the e.lce-2;;or of its, yr, L'.&* 

locarfor., ~jhere liiS:": mis:;. r;.ir:s are freg~.~eT: (i-xi~g the vint-.r xjnths, a 

hea-.:,' ice buiidap can be expacted to occ.;r. Because of this condition, :he 
. . -. ic-. loaclng used was - ereassr :kc> rhs r.ormal cod-. val:;es. ;se 3.etho.d o f  

7 -,.d ..( -' treatmen: cf this h2:lvie;- :;-.al ::l.rx!a: .b..Ln re:ird to -ha --a1 :- 
2~ - L..b ,i:a~.aA.~er-j snc 

.-. . el*::eric :?,rj..,ie ;,orors ;>;LA 0; <:sc:.:ssed 13:+1. 

In orber to r;ro..-i.:': for ti:* dss:;n :;clsrf:: loz& &scri.brd, 2 u?hzxl ;7rj - 
2 dos;rliatil xpr; :;ere _: eLch czrner o f  --,?- -':=.- . . 

-..c span. Zsch rope rs 
" , .  . <-.?- -" : .."- 
J,,li , , 2 : -  L.lliL~iitd I I L o ~  5TCel - - -  ,I. -. e r~pes. .A fscror or' sc,fstv of 6 

against direct loads was 3rovidsd for eac;". of the ropes as ir,cluded in the 

A 3 5 A  Recom~~eiid3tior.s. Each of the fecr ropes at e x h  corner aze ar!chsred to 

their operating ro?e dr:xa. Tie uphxl ropes are also anc3ored ;..t the top of 

-i ;,,e towers and the downhoul ropes are znchored at the buttox of the towers. 

Each 3f the operating ropes :e~:e cro7;ided with ;;P,eir f::di:-lual lengt!, 

3d;~s:~ent levioes. Tlles~ 6e.:iCCs are 3ece353ry to a ~ c ~ i ~ ~ . ~ o d a c ~  -both ip.itiiil 

and fucur-e str--.' -~cil:n; ' of the o;eratixg rapes. The contracr recuiremer-ts 

specified t5;t c!,.e operating ropes be prestrerched. The .L?EA codes do noc 

nake c h i s  requiremen; but due to the :er!gtti of the ropes recuired, ic is an 

advantage to eliminate as much of the initial rope stretch as practical in 
. . .  orler to m n l n l z e  eke 2:;!ounr of necessary rope length adjustment. %a take- 

~ p s  provide for a one percer.: increcse i;~ the 1engti-i of clie ropes 5 3  the 
. . future as wrii as provisions for some initial ro;e rrre<:.cn cuz to loss cf 



:-i .,?,. t i : .  - . , . L.;c . 3: c.-.",>c:-q-.- I,. 
.>.>.u.,.>~.<Z Ld-b-. 

replaced 

!,!achinerv reducers are pro-lidei ;o redcce the ratatlonll speed of ;fie 

operating drcms and to incrsase the torque a: the operating d r ~ n s  iron ;ha: 

provided b;; the el~ectri.~ n:oro;;. 71;s electric -;rors 2-e co::r.c:-d to a 
. .. . par221e; shafr reducrr z: r,iiZ-spir~. i,n aoc~r;o~;al reclccer j.3 pro7.rLde< ar 

-. end of tk,e lift span. 'inese reducers are spiral bevel relucers i- orc5er to 

ciiange the direction of t?&e shrfcirg. Thus a tocal cf threa reducers are 

pro7ii:ied on the bridge. 



- * .. . . * ;?icj?ru- design Ser-.:iie f3c:OzS C:L i . 3  io; St--il:lt~ arlc 1.0 for &-3321:=;. 

- ? <  requireirel;cs hase.j on ioi, percen': fLlij lCiid t~rqd* of ;he ~1~ctr-c ... ?ccr "A,> - -  , 

-, 1:ie eeruece factors for strergth ar- ~reacer thar. those for F . . r - k : ' .  t i n  

order that 3 ;^ore t.a:anczd and mars ico:io~aica? desici*~ - c&;i be provided fox the 

aoslicatic~:. . . Darabiiit:: requlrenen:~ can be rs6:dced because the actual nunber 
- .  

cz !ho-irs of %?eration of the ze6ucers is ;?oc i,arce - in ccnparison to zc 
. . ir.du;t-:ai sp.x~ironl:eri:, 

DrCys s:lafti-,& axst bc cro."7;&?,? :he f<-Iil length ?f st* lifr span and c3 
. - .  side of the suar at ezch end. The sr;arr:;:& is s-~p~srted 3:: s?.p,erical roller 

. . biarin;is 2 for co:islscznt :raintenance r.cquiri-,xe:~tj xith -,:lose b=arinss ;rc;-iasd 

&\:- to their load and friction req;iremenys. 

- - ..: " > - .  - .  - .  . .  
' : 5: 2 s .  ].ax7e: : : c:;c :a :he ;oe<!s - 5 - - -  l i i i L _ i .  - - 
+..-,>.-...: &&,> 6 &- ,,.,. -1- .. . . - . . 

. i s  r e  2 ,  . i :  2 .  The line sia:fs, 
. .  . ..-. . - . . . . - - ,., , -7, * n , ! - 3 ,  r,.-;e raqclrau :o ;,e a n;T.;;-i!13 0: > ;/L.> 

c 

. - inctes :c dizzet;: and ;t-ae cross inarts, +iC.!: r--J -------I- Lh*..,, -rse tc the bridge 

- + - .- . . .  ,- elci; end, ,;*re reqsired 20 be a , z i n ~ r ~ c . x  of ii I ( ?  i~c:-.~s rr. ~:zzscer, -1: 

sizes were req~ired in order to iinit the rorsional stresses to -,:ithia zhe 

A2.E.i ?,iico~m~ended 3.7alusr. 

. ". . . Floating shafrs .sere rpecrrled to be installed et each end of each shafting 

run in orier rn sir.?lif-{ irstallation find a?i.gnmnn: in the field. 

- .  xscn end of each shafting seczion was coupled rs each other or to machinery 

components nsicg standard - tear coupli~-~gs of tke flex-rieid - t y ~ e .  

Steward !!achi~le Cox?;nq-, Birningham, a ,  -.;as the S&-contracror .,;30 

pro-:i&d the 2aci:insry for this project. >lachirer:? reducers were nanufjcture& 



-1:. -7. "-: -: .. -b_Sn or loser tb,e zhE cojr of S.:SC~::. .lir ,_.. !j cjf osersciorl to -.-' 
7 i c- .s,.;;r : s  3 :?:nnste.; ;icd I:? sec;:~&. -~ L!-,is . f L-e ria:- acrt;d j y  be;:.! - 

. . . , p""Les 1s 1 03e: -1"- .'.-- >..=-.,. - . . . . . c U - ~ z e l ;  co o?i-n ti-.e ~:C:S:~?S s::lzg s?i::. 

-, . .  . Anis tixe is f0.: corr51 c;Derer:oi: F:.,a :s .--.--..-;.., . . I  e . e :a1i3 

Times cf operzciei-: .,<i?i Sn d i s c - ~ s s r d  sere 5- the Soctrols secflc?. 

- - .. I?. :he i','*rt or ;i IalLur- of -:.= --:-,-,--.- -;=-.rv:- - ' ' . . c - ~ ~ - . A ~ n L  crrvc s-seer, ax x:.:::lizr.: 

0 -  s~r..--;.qc-{ <ri-c s-jscej~ 53s beex proviied, Tile s~:.:il<~y-; s:;steii is 6 - -  . 

i hydroszatic drive (hydraulic d:i-e 113eor) connected to the ~~ai?. .';i.ve 
' .  m;ep,:r~or-; zt rile eer.tri;l rzducer. Tri-ai-i~ cover for the h:;?raui_ic no;or is 

> .  

pyo~;ide& 35- a 26;) I.!:? >,C ?quirrel Cage. 480 T.--: 3 h j s e  1890 s.?>[ !notor, .? soft. 

start starter is pro;-<de* for this -o:or i:? ordsr to lizi: :he s-;5:zirg irLrUsh 



- .  "L;, >,..dr -., ' - - - - - r .  + -,-: . .  . 
:it- ;. . c,,J .,,. previd-6 is a h.r?rost.=';iz 2rP;e x x c n  ',:as des:g:1e-5. arid 

rrenGfac:ilrsd. '?:;  he Faik Corporation. :'ay'z LALble ssetd coztroi and po~itioni;;~ 
. . 

cf :he spsn is by an independznc solid state control systt:n fro2 that ~ s z d  for 

D..l..---. L -:..a- > C3-+r0? .ALL L .  

- 3  . - .  ..>e ST I X L L ; ~ . ~ ~  drive is ?r,rizal?.y disengase6 from .;he rii:~ drive system. ;Zk,en ... - 
. , .  :his s7:;t-m 5s re::u:rsa, cn. be enzzged to :kit rain 2ri-,72 machiner;~ .d$thln 

&II _ . . 
% .. . ;  a -  re92 a: ~i.3-s;an b:? t:ls i:se of ; sxjt-o8u-i caajplL:-.g. =.. 

:ia:t sv::ci is locate< :he cut-ont rocpl;?g for an inte-lcck 
.. . 

. Tile main elsctrlc dri-;e XOtST3 CCL~OZ he e~:&igrii! it :he aux:i~.zri 
. . .  ~. &-i-.:e s :  is cor!:ec:& LL3 :he I;laln cr;ve cacnlnerv. 

- - .  :he ausiliarp drive cocsists of a variable speed hydraui:~ pssp connected to 

-, high 32eed loxi toclue (KSLT) ';.-drc.zlic xoto;. 1 irl<:h i3i~i7.g an? hoses are 
- .  . -. . .  -. as tke cenr.ecricn in o:dzr to i l i n l t  TJ,:LC. ;,:o:~: ~:eloci:ies to -,gi:hin b.2.Z.A. 

r4coc;en&:i~~s 0% ;.: feet - 0 7 -  . . ~ . i r - . -  . Tke SSL7 act07 Is canr.rct;d ro a 
. . -. to-.;".. - . 2:lc;-.iid n;cg:-ery red..:czr xi::? a :;:lo 0: 4 tu 1. me 1.0~ speed 

. - 
;haft of riduc;r is cocnec:< :o ';I:- naln arl.;i: via :he cut-0~: couplinA. 

...* . - .  . - ",,., s?eei; 3: tfie au::il";;'; jri-i.? -:ar'_.s-, frr,:~ ii co 1% RF3. This ine cuZ-"" 

resu~ts a s?o~er span speed ':"an :hat cf the n?.in dri---e system. This 

reduction i:~ speed ser~.its the ~ s e  of a sxaller and less expensive system. 
. . ?his re&cc:.iin IS ooth ~rnit;ed by ti.e .AXE>% reccmnenditicns and results in 

. - 
a more eccnocicai systen for :he rare t i m s  that it ma:; be reqsired. 

A few more statistics for this systen incl~de a main pu9.p capacity of 160 

gallons per nicuce and. a 15 I/Z gallon per :ninute chzrge pump. Ti12 rn-si.r~*a. 
. . anticipated h:rdrau:ic pressures do noe exceed the :V.ZA recomrner.aaclon of 25C3 

- ,  .si. under the most severe anticipated loads required to operate the span. 

The braking requirements remain with the maln drive system electric thruster 

b x - ~  ,~,s - in order to minimize costs. 



- 7 . . sL~c:ricsl co-r-sl ;rc l;..:er:ockinS is cndry z!li "i----I ....,.LL.._ or. of a 21~ogrs1~:irzbi~~ 
. . p:,z provides for &I; CeC2sSzr7; SCCCZ ixter. io.1~ coitrol:-r < ? L C > .  -' 

~ x c e ; ~  fey Ic.-"----- LI,;a~c betveen ;he operation cf rhs b ~ i 2 ~ e  and tiie 
. . . . ,?L3ilra:4d's :;;zrLc.~: $..-s:cc. :h:s i,ern:.ssl.:2 ir~:eyf;cs 13-*. x*C3lr!e rcol 

. - .  . . re:z:-"- >1;:'7.:?~ E5.e r>.:3Lrca::'5 cz3ire:. - 

. . , . .  . - 
" , .  , s:.-, ~,= i 3 - L  1l:L:;atloc i.; , ,  , . ,  ... < :  - f - t...- ap'..L> 

- .  
c - ? , , I;s.:-I?.:> ;ccel+rz-Lcr:, fu:' sc&ed, r;::;.& - .- 

<ece:e:i-ioil, 5131: ~ y ~ . ~ i  ~ r . 5  -,'.-.-,- Ac..,8_ei. ' jLo:,7 ‘ ;? s t - ~  <i.~eipri.~io:l is -cr_d*: c:Ce 
-. . . . coctr91 of tl:. ;il el:-es. ':an cos;:lc~. is ccnsta:;tly -:-;tored 5-9 a 

..-i L: 
. .  * 

, ; !;eLecre? i.rl:icai c:~oclr. soi :? : ;  fcr pciitier. :;re mczitorei: 

. . . . . . Loca:<ri2 :-a< t ..,-. --..a 9-*. LiniZ ,x;L:e~e;. Ile ,..f tical ii_-r..tc are ?.set. to coilca~s 
. . actual rosrtron the pojitio:.~ Lcd;ca;d b.; :Ye ncsition resol-j;~. If a 

. ,'\;en ., .oxidre 'l,lie.. :xs; .-;:.; '--:-I.-- - snv~ . ; - - ' I  -- I-..i- .. ----- , , a L corc1a7.d is ' - ' - - ' - - - a , '  _..& ---2.-L-. 

-. - - . . * .. lne y i c  :-,en takes o-,~cr r+i;jlnln< io,c:-oi fsrc;ior.s. T,,.ar:;in& $;:eel - 
$iCZa1s a:e sent tc orhe .ii-i-:e zo2or cor_i,roller!s) b;? the ?lc ceus:ce the %;XI - - 

- .. . . to a,-se'i--ate, - & -  %. nr;;ir t!lz &=si.z2d z n a l  ziotor speza 1s azlaL;..e<, :ti? 
- - csntini..ss to serd s - t r l ,  sigi,.nls to :hs i~i~o: ocn;r3LLer,C~) 5.i~ :!:ese are z 

cor.st,ir:e 'jalss cauji:? ::13 cyjn ::> ;-'A:? at a constant speed. '3.: near open, :be ,., 

-h,.- & -  PLc receives ir:put as rs the span's iccat5oii. ar -..,.. ;.?.xe :he P1cis s ~ e e d  
. . dzcrs&se cauy$:lg the span r j  <eceler;re cnrlL t"e fins1 slow s2sed 

. . xotor Ls jr:.li.rsc, Tne , .  .g=sixes a: ::-:? sloi; jseec: rate -;r:i> 

h e  s3a:l reaches fill1 open ar :;hich ti:?e the s;iii? locazion <s input ;at3 iihs 
. . pic ,-..- cireczj the drive controllers to slew the !totors to zero 9 p 9 .  

. - ',<li..s~ the span is stu~aed. . . tile Tlc directs the ?;rakes to set. T h r o ~ ~ ~ h o n t  this 

the ?lo recei-i-s data froin the resol:.er xi.ri. rssard .;o span 

position 2nd rnozo: X?:! from .? tacho:rete~-, Ckje ?lo iiies chis dar; ta corr?are 
. . -. the desired inotor spetc! xith t?.e actae? spesd. i3 :he event c:".:it a srgl,lr:canc 

disc re par:^:^ occurs briween c'ecired and acoml s;secL: ::l?e ?Ic 21~~rns the 



Tie b r idge  tcridsr dccr no: r.eed t o  pro-;ide ar.li adAitloniil  f u n c t i o n  'cevond 

i-.litfat;nx t h e  r a i s e  o r  lo-ier cov:~.ar.ds i n  order  t o  r a i s e  o r  'icwer rhe l i f t  - 
- - span ,  i r  d e s i r e d ,  t k e  bridge tender  s top  I>e snan rr  an:; intermedj.atc 

. . .~--.  .w.,LL;o:-. -. 5:d depress ing  a  " p c s i  t o  szo?" -;t~shbut:o?. T'kL; :<ill s i g n i l  tile Z h  

- ,c clre:: . .  the d r i v e  control!ers t o  b r i r r  chi ;>icd of t h e  r o r o r j  t o  zero  s; = 
~. 

the s r e s z t  :"iel 'zd a f t e r  the  br;d~-x 
..- ,- i s  s:oppe: tc s;sC rn;. b rakes .  i he  s r a n  

--.. . . .,,. 1;~  e i t l : e r  be rest;r:sd :he s j - s  o r  in the  op?osi:e c:rectLon fro2 chat  

;ocirion a t  t?2  discyscior .  of the j:icLge :epdsr. 

I f  duri7.g span  one ra r ion :  the  br idge  :sr.der decides :ha; the  spar: i s  no:: 

o g s r a i i r : ~  p r o p e r l y ,  ar: e!;itrgexcy s top  pus5Sut:o~ -a;- 't;e depresse3 .  The d r i v e  

~ ! c t o r s  3 x 8  l e - c f i e ~ . g L ~ - d  &:-<. z5.e brnkes 2.re i!-ned;a';elv s s z  ;-hen t i is '.-.-- ,,&:--en 

; s  -.,: - .  
' . i d .  TI'es-1 fil:c;ians ;,xi ro :  -;rider :kt. ::,:;:rol or  r:lc 

:- . . .,,e dri..-e svstec:s p x o v i d d  'la-ie recunuant: netheas +c:z o p e r a c i n ~  t h e  ~ ? a n  i;r.der 

a i l  c o n d i t i o n s .  This  p e r a i t s  increased r e i i a b i l i t : ~  f o r  s3i.n o ~ e r a t l o r . ~ .  
-. ~ n d e r  r o r a a i  ope ra t ing  cond i t ions .  both na in  d r i - ~ e  motors a r e  s s e d  t o  ope ra t e  

t i e  span.  In t i e  e-rent t h a t  ore of tk.2 main 21-i.~e motors 3r i r i s  c o n t r o l l e r  

i s  c u r  of s e r v i c e ,  t i e  o t h e r  r : a h  notor  i s  c n s a i l e  of ope ra t ing  the span under 

a l l  norms: ope ra t ing  cond i t ions .  I n  t h e  event t h a t  borh main 2 r i v e  motors o r  
-. 

boih notor  c o n t r o l l e r s  a r e  ouf of ser':ice, tke  a u x i l i a r y  d r i v e  s::stem can  then  
. . . .  c p e r a t s  t h e  o r loge .  

?..,dunbane); e x i s t s  f o r  o t h e r  than span d r ive  mozor o 2 t i o n s .  I n  t h e  even: t h a t  

t h e  primary ?'lo f a i l s  f o r  i n y  reason,  a  d u p l i c a t e  P lc  w i l l  come on l i n e  t o  

cont inue  span c o n t r o l  func t ions .  I n  :he e-ent t h a t  both. T l c ' s  f a i l ,  t h e  span 

can s-:- ,,&I be r a i s e d  o r  lowe-cd. A t o t c l  Plc f a i l u r e  does i i n i t  t h e  o p e r a t i n g  

cond i i ions  t o  a slower than ;?orma1 speed because d i e  sequence ;r . terlocking and 

automatic  span c o n t r o l  speed functio:.~ xcr,7ially c o n t r o l l i d  by t h e  P lc  r eve rcs  



,, ". + . . .  . . 
I 'J \ . :Cl i : :F  SpF?c.d C 3 3 ; L ( i L  ::?:.lr, L'?o.4 s;ieids ar.2 ra-;,Jirei r:o ...-,--. I L C _ I I _ . L  7.- -a,-;- i ..-- i-1s % 

. . .  - . -  dzxcgi if the urrc,e ., :;rider r a l ~ s  :o -roperly eonrroi rte sonn, 

- - . -  of jC !O ?,P>L in orilsr :a gal: r;:<i:-.l.n - ~ a  c f  ;,zs a :c Seli-~er 

, .  . most ai;-erse lo;.iing condition of ths -.x:;e-e:.,- heavy ice iojls vnlcr. 

. . h?;en the case of e;<trenely  he-.;^-.^ rc;ng csr-citiors :iisn, the bridge tenier 

" c - 3 , v "  ,--:.=tes the foe Load condirioc neck.od ~f operaiion. The acti;rario?. is by 
.- rotatins 2 conrrcl sr.jit3h or, tke cc~cr01 console. ~ r ~ d i r  :his inethod of 

,., .: L : ,.* di__L-IL I,,,, bo:;? IP ;?<~ driy"re rn3iro;zs &re use:: a: the<: bat i?eed of 50C. R f > i ,  

. . . . :":a:ii:nun ope~ati?~ torques ere therefor* a:-i;Lablz for this ad-erse czneltion. 

This will provide for a full ?if: in L l~icutzs b j  ssconds. The _ 1 ift s?an may 

be operated under this configuration under rhe sost severe operating loads 

antiripzted to cccur at :his site. 

a In the e7:en: that both rafn dri--- ~, aotsrs or their con~rolLers are out of 
.. . service, :kg sul:lllar:; dr-i-,7e ;..-scsip; ?,--e77:f .. .IYL.IL, .;.c I.,. d e s c r ~ o e ,  ., . may be ~ s e d .  'Tk;Ls 



. . ..- . . . . ,.-IL P r o ~ I ~ e  f o r  2 f u l l  i n  13 sinc:.-es, Thr lift so;n nay be operate+L 
-. 

i' ' < n -  -:.,. ,----. , .  . c i  . ._Lj-, l i l o n  under the most se-ere operat in;  loads  an;%cipated ts 

occur h t  t h i s  s i t e .  

. - . . -  ::orxsal co:rr-eycial eLectrica: pc:.ier IS oo:a;::ec zrs:? the l o c a l  z l z c t r i c a l  2o:qrr 
. . carr3a?Iy 2.c $80 -;olts,  3 ci-Gss?, .,?ire by*, 60 i l ? r t z .  S--c,c<.- .  iL_il lent  pfwer  i z  

.. .% - ". ,.,,.il;ble f r e n  :?:Is sa-rrcc t c  opera te  tke dri-e syszrin ilrlder i . t ' s  rrost severe  

-: . . . - -  >.c2difis c o ~ , ~ ~ - o r i  i n  cc~oi:?z:ior. x i c h  the oi:".er e lcr-r : :~:  i ~ l d s  necessar:; 

s>lc:? a s  iig:.ticg and comfort cor;di:io?inz. u 

xp, t h e   eve;^^ tha: ??<ere is an :aL-,-- L,.Lur.ibn -?i- of conmercial po7..:er, a3 ecg ine -  

gens.rc-,or i s  o n  s i t e  f a  provide nt.cessar:; e l e c t r i c a l  p s i e r .  The engine-  
. . gsr .erator  1s -ocarzd on shore . ~ " '% :  .v,,.A,An rt's . ~:.,m b u i l d i n z .  - This b u i l d i n g  a l s o  

. . kc:-!jes :he autoinacic trs,rlsfz:' s:.7;:2n -;sed r $  s.,g'?- .L-L h fro.7. zhe oo;r~::ercj.al 20:ger 

3 1  12.3  t j  tie engige-z<.zzr;:or. ::-.e .:uto---c .; -.---.-a- 
. . .  

. - s:;lten ;s of t h e  a u t z -  - 
s t a r t  . t ;  p .  - r r a n s f e r  ;.;irb.ou: . ir.put f r o n  the  , % .. r 

. . j r i d z e  cenzer .  .-. oui l ;  i n  t i s e  ?re-rents  z r a n s f e r  l u e  -,o a momentar:,? 

l o s s  of ccciicercidl pc>ier. Ths zngine-generator  i s  capable of  pl-oviding 

s u f f i c i e n t  e l e c t r i c a l  pover f o r  a l l  necessary e l e c t r i c a l  ser- ice i n  conbina-  

*: . . . . -,on wrzn e i t h e r  o r e  n a i n  d r i v e  mccor o r  the  a ~ : < 1 1 ~ a r y  d r i v e  motor.  %is 

permi ts  span ope ra t ion  under a l l  ope ra t ing  cond i t ions  wi thout  p rov id izg  an 

unnecessa r i ly  l a r g e  emergency source of 1 - ' - 3 - - ' - -  power 

The d r i v e  and c o n t r o l  sysce.1 moves a  t o c a i  weight of  L i f t  span ,  counterweight  

and a u x i l i a r y  counterweight of about 7860 t o n s .  This  i s  be l i eved  t o  be  t h e  

g r e a t e s t  mass of a  movajle span t o  d a t e .  

T h e  g r e a t e s t  ope ra t ing  load appl ied  a: the  ope ra t ing  ropes  is a p r i c i p a t e d  t o  

be 165  cons.  






