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~he California,stearn Eus project Wa5 undertaken to ~valuat~ the tech­

nical feasibility ana,ptiblio acceptance of the_~ternal._eornh~$tionEngine (SCE) as
" l<1l'i"-err.iBsion, quiet p=pul$ion system, usinq cloy buses as demo~stration vffiicl~s.

E"'Pb,asis was 'placed on "the '~o.rly de""'nsttatiOll of potential, rathe" than ext,,-nsive
development or t~chni'~~l p",rf~ctl.on•.The title "steam Bus" >las adopted aft<or the
>,roject'~ engineering contractors chose Ra'lkine cycle systems to exeroplify" "the, ECE.
Three, oontract.ors d~""ll>ped and installsd st~_ pr<:>pubion syst'I!ns in'thr.... 4o-foot
~~an5it coach@s, r@pla~ing the original diesel engines. The~~~ buses w~re

tested and dem:mstrat"d 'in th~ met.rop<>J.Uan areas of Oakl8nd, San Fr""dsoo, ""a
Lee Angeles. ,Th~ :!>uses traveled 8,372 road mile" \lnder steam ,power, including
about 000 mile'" in reven"e service.

Th~ r~p"rt pr@sentS """"""'''''' findings ",~.L"@"f""""= 't<> perfo=ance, "",i~s1-ons,

Inoi~e, fuel cons\lIDpti~, ope~ating cha~acteristics, rSven\le service, 8B o¥erall
(P~oj"ct S-::mJll1""Y, and the potential fo~ fuel COMtm\ptiOE and o>nissions improv""",nt.
Th~ report conclud@s t1'a,,- ECE-powered buses equal or @"c@ed the road po>"fonnance
of etandard dies~l vehiclee. Se"o>ral sp@cific "eco"""o>ndation~ for futUre research,
development and demo"stratioIl' of the Rankine cycle ECE for transit busss are ad­
vanc@d. Other sections of the repor~ diacuss project his~ory, ~@chnioal ~p@r­

i@nc@, public ',ervice O>><periehce, public attitudes, and p<Jtentials ED" ililprov,,­
ll\ent. Relevant ill~5tr"t,i'ona and technical. data are presented.
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INTRODOCTION

Sin« 1959, tbe c.liforni. LeIli'!.tllT<, mndful tl"" motor ,e/lld",'>t., '.
major <oureo of air r~lI11tion,h"" developed.increasinB1y 'll'i"ll""j automotiVo
emi.l""n ",,,,oanJ,. A vital p.rt of 'uch legi,I;Ii'. action i' th. ·devdopm"nt
of faduo! <lilla,·in 'ut'port of tight but 'ealMic .tandards,

During 1%7..6H,.~"~i', and he.,lrigs by both ,U1. aruUcdeml ;~nojc'

,,,,..loJ l/llit ,,,,,,in i11.rnaIiv« 10 the lIite:rnal cumbLi>1iOn engin, OCE)
Iilignt be hOibl'; •• low..Jhis,iO" .utornotiVe Fowt,plan13,·One ,Iternative is

the o<l=1II OQml>u'tion engino (ECE), In w~i<h f""l i, bU'lIOdoontilluou,ly
and compl,r.ly to gene"'te power. Th". are severlll type' of feE, but the
mM familiar I. tbo st'om engine, teoh"i"'lly Irnown.a< , R'nkine'0'cle "<gino.
TIre <Iud;.. and h""ngl' 'uggested n,.( Lb. ECE, fur frOmbeing,n nur.moood
'''n''ept, could become, wod",bl.'altOInati,', '0 the ICE, with th' Kin'iif
mode." Loclmol0>'Y' Wilh this ill mind, the Califumia Stato Assembly'dedd'ed
to 'I'0n<or the (\ernonst",;o,l 'nd evalli,tioo of BeE l",ipulsion 'Y'renl.;.
Thi, w",k WlIS ""pport,d' in port by a gtan' of fund, fro'" U:t. Urban M..,
Trao,p""aliou A<)m';nistratioo "r the U,S. Dep>rtm""t of T'""'porta-lio'"

T~" purpb>e ut lh" Califmni' Steam Bu' Project IV" to "",luate tho 'oct..
nkaI f..,ibility, and pobhc acc'pt,ne' of U:t, ECE .. a ,Iu",-.emission, quio'
propul,;"o '1"tem, u'iug city bu,,, ., domon'lJOtlon vehicle<. IJrn]lhasis "' ..
w be placed 'on the ••rly demon.""tion of pot€ntW, ,",hel ,th'n oxte""i;;e
d""dopm'm OJ "dm;e.l p<rfectiQn. Ik ,;tie "St,am Bu," w.., 'dopted after
the project', eng;nee,jn~'Ojjt",'to'~clw"Raoki"" cycle ',yst""'-' to ex,mplify
th' ECE.

Ellfihee<ins doveJoPme"t ""rk' uog'," i" June, 1970. Three CO"tracto"
devel"p,d and in'talled 'l,am propulsion sy'tem' in three 4I)-I',ot, urban
"a",if eoacheo, repiaci"'g tho o'igin.1 diosel e"gin",. Th' I1"e. ,i,am buse,
"'ere to,t," ,nd denlO,"(rated in tho m,Horn];t," ar'''' .01' O,klaod, &on
F,,",lSCO; ""d La' A"~cl". Th' bu"," travel.d 8,372 loau mil., imAe, ","m
puw,i, induding ,"""t 80(1 mil.. in «ve""O p""",nge' "tvic,. l'h' pro.!!>=
'"dod'oo Soptember 30, 1972.

FlNDIN,GS

The 19l[owinSi' M ab~ .ad "of '!he tl'"Hng< of the Stearn Bu, Prujcd. TaW..
of '"P]:>OT~OSda", "0 P",,,",,tcd in I!)eAppen<Ji'.

P,tf""Jua=e. S"am bu, ,coelei"ion, top speed .nd hill climhing were
equ.l to m """,ded ro,d p"c[ormaoco'"f buse' powered by ,j,·,,"linder
die"'l engine,.

Emi"';oll&. In '"'' by Ih' C,lifo!',,", Air R"'<1lJrcc, Boa,d, all >te'"" b"'",
wo,o'well, b.lo" 'M .1975 C,lifn,"i, ('mission ,l."dard, f01 he,,,y dUTy'"",
hid", but o"r'" of the die",l bu,," ("'tod came dooc to meeting t!J<-r,qulr._'



l1\"nl> :;" hy,lri,"","'"'' "nrl oitrogon ""id., combined. When 'he de""o,t
"earn bus wa< compor'd to a compo,lI<' of tho ck'l1o"'- diesels l<"'d, tho.
"''In b~' f"oduo.<d 305 percent I,,, carbon monoxide (CO):uui 86 pOlCo.n1
Io.!> 1IyrlrO<<lIhO!1ll (He) '"<I nitrogen oxides (N0xl. The d",n"t ,"o,fm hm,
"gist.,.d , ~4 pmcnt r«luct<on in NO~ whon oomparCd 10 lhe de,m,~( dio­
"I t",t,d.

NGi,e. In mea,ulemonl, bY the r.alifmnlil tJj~way J'odlrol, the qui,le"
,team bu', w~, 2.5 to 10 de,ibel, below tb, ,guk",t die5C! bu"" in drlYO-bI'
t"t" an~ & to 14 dodboh "elow in ourb-,lde 1..1<. On tho ntb" ll>nd, mleri";­
,oundl",I, were ,imil" Or higher th,n di,,,,k

F"el r.""'UblplioR. In the ,team bu,' ,lot" of hnntod developmeot, tuel
oom"",ption was high, [li'",1 fu,1 con'umption ,ates during actu,1 '"0r,nd·
go ,oWe ,oondltkJm "ere more th,n three time, 'lower th'n ,he b..1 ,loa'"
bu,. Di,,,,,l fu,1 mlk,r''' "toady 30 m,p.h. "as two to three time> b<11.er
lhan tho ",," ,team bu" Idle fn,1 corrsump'iM ,ares showed eve" a ",idcr
l",r[li" roo die,,1 bus". Ahlwugh In,1 ,cullan,," of pre>crrt m,m bm" i>
poor when u;,,"pared to di,,,,l p"""eJ"th, "!;crop""", is not" great wi\<n

comp:Irt\d to Oedgling 3)'>1""", ",ell as th, Il'" turbine aru! 'par\(_igoition
engin" fudod with natural ga'.

Ope"ling ,d'ar.l.c",notk~-Conventional 'driver .conlrol, w", mod; mi"~

nnting lh, r,<'"'d for 'p'd,1 d,iver in,truction. Water reoovety w>, ;"adeqflat"
hot '''''up ti",e" p,rfonnao"e ."d drivabriity wo", eqltival.nt ttl no" reo
4ui,ement> lor "i'Hn~ dio,," oqnipmem, Spada! knoll'l'd~ and exton,iv'
,ttem;on ,,'ere requiTe,). h'''","er, for powerpl,n' maint,nan,•.

R...m.. oen'i~ SLcem bu,", u,ually w.", ,ble 10 duplicat, tIm' "'hed'ule,
,a,' die..1 bu'" in aciua] ""'",,' p""onger :;en;oo', All buses d'eIllil""lr,lod
<:l'i,factoiy perCo,m,nce in t<rm, uf opera[ion.>! ,afety and p""engor corn­
<0". On, bv, prOVided ,i, candil,oni"g. which was effectl,ely driv," b;, full
power'-I.k<ri from Ihe moln expander. Rider> in""vi,woo On the ,Io,n, hm..
in<!ic.ated , high dcll"" of lJ'." "c'ptance for Ihc" ,xperimentlli vema".

("""'[>'Joite ~i"ure, Aillw"!l' not ,II three in,,,l1,li,,,,, ,howed ,vcry po­
tenti,1 '" dhnte .11' an ECE, , composite, piel"re d.m""""ted that ,t"m
b"",' ,an eq""i ro,d pe,fo'rn'"'e of dieoe1 bu.,,,. 0". bfL< w" consider.bll'
quietor than tho dies,l<. One 'y,t<nr w" ljl:i'l" in weighl th,n pro",", di",i
p<>werpIaLll;. Althovgh.ll three 'Y,t,ms oocLlp!,d m"" 'fl.''''' than di,..I''''''''
hfL' demonstrated Iho< p.,.Otlger 'pace need nol be d,,"ini,bed if the,,,,",,,",1
COm!,On'Ll!> of the !")"'''phnt"e located S<F'fTetcly. Another 'Y'tern m.t
,Imost ,II ,pac. "'qui"m<T'" within the e~i'ting cn~l[]' oo"'fl.'''merlt_,A, with
,ny ,xpc'imcntlli dovic••• gt"t d..1of inspeotion, rell'ork >M "laint,"anc,
w" ne,"S3"~i in lield d'''''''''',atiom. It must oc ,rnph'~','J, how<\~r, ,hat
these hure, """ oo~vortru 01,))' lOr U'O;l\ an early deman,tration of'l"~bili­

ty '"a f>Ot"ntilli_ They arc not p"_prO~lL"'ioo protot;,pes, and mll,h <m~in­

oering d,velopment would b, "'quir"d bdore <li,h f>OW" 'l',tom, COuld med
tmnsit indl1stTy '10",100"_' foi 'l''',ml';,nut, "liability and o[lOroting eoonomy.



P<>tential fOl.' luel cOllSllrnpti<>n imp""",,",,"" Wh:h p,ogr,,,,iv. ""I\in,nrin~

o...r , two-yeo' period, lh. fud 'consu,nption of steam. b..., oould bo im­

p,O\'od until it '" only' 52 pe'ce.t mo.. UUlIl pme.l·~ol in <l0P""00-g0
.."ice. Imi"ovo....,.~" :'" th. l",""",,,sion anrI'powerpIanI woold be roquiIed
10 acm,", th~ re~Uc110". E"utually, fuel cOII>omplion could be Imp"",.cl>
until ti is ';nll' 6 perC,,"1 morc th,n pr,sent di'sels.

PoI""ijal,ior erniB""... impm""""'" !imi,~",,"of ''''''''' hn,,, c.::nild b.
"duced 'fgtlifi"ntly by del'eloping d.""" buIlters ,fJ<l by \';:m.Ulllins· 'e'"
fuel, WitmI1two y"Il", :p""nt' 'team bu. cmisiilono of CO oonid. be reduo<d
by 08. pore,nt .nd jf{; plu, NUx by 67 .perc.m•.. E.".~twJIl', ..eam bus
,oiI",iom of eo coulrl be "ducor! by 88 percent of preo:.m le,11' ond He
pI".,NQ",·hy Il'J pewcnt.

CONCLUSION

'!lle C.lifomla St..m Bus !'Join'! 'uc,...rully >cllloved "' goal,.iIolh t:hi
mission :illd. th, organ"atioo may 'ppe" nnortllOOox, but the involv"""",
of maiIy c,,",oej""d private and publk ""tities al an 'OIly dlite w" wry'beno­
fida!.

S,..", pwpld'iOll <yst,m" Wet. lh, Erst ,ltemat. power sy,t,ms to'b,
visibly "'pporled 'by the public .""or. Continu,;d " ....reh and d.v<lopm.nt
i, e~qontial, if not tor !team ,ion., th.n to legitimizo oWer j>OO1ljble alterna·
ti'". Tbi. ia tb'.ooly wily lu ,,","re that tho SOUt". ofvebienlar air poll~,lon
oan b~ eOITooled, if .",mpls to control existing p",,"'er oyotem. fail. Ancel,,·
.bon of 10w'em;',iO;L engine d,,,,lop,,,,,nt appear'.lO b. among the roo"
pre'''rll! n..d, in ""ciety, Public ageilct.. ha.. respollllibiliti.. to lOlPP0t!' beth
,he [Oohn"logy '~d lh( marko!. Bose, "'0, in • :oeiLoe, mordy 'lImbolic ofibo
>ad<ty of vohicle, lIlal conlrl b,nelit· from needed powetplilnl Improvemont,.

RECOMMENDATIONS

Rankine cYde engine< were fonnd tn have attrfbutenhat ore n.,d,,j 'j"

urban t=poruition. Wilb furthor d,velopment, preoent drawbocklL ,ulll' as
hjgh f",,1 consumphon, can.b, ,Ii,ninal,rl or consider.bly reduced. Ad'lll"-18­
So>, ,um " e"ilin. braking, can be ~""Iopod in '!he futu,.: Tho Assembly.
Offie, of Ro....,m, tI.er,foro, recommend' the folluv.ing;

I. We recommend tho continued ~'plo",tiOn of tho. lWlJ;;"e cyde by
<lev'lopin~"" apPIic.,lon·for h..,y rlut} vehicle, i<i • basic ro_ and~.,.

I'dopm,n t 'l""!!Iam.
2. We ""<ition ·thOlrn,ny years 01" pwgre";ve and pnroi>tont ortgin.oril'ljl

will be need,d to JIllIk. lUtnkine Oycli: pewetpl.n" t.duilcillY feasilile. SUch
a program sJWul~·con"Sj of ,1>0: following dements;



,
(1) A frootal ,ttack 0Jl techni""l ploW""" identified by the Ca];j'omia

~"..n BlJ> Project and other programs.
(2} Str'" on de9.igu e"llmeermglind bOl1di testing, rather th.n '''IO,ies

and d,moJIStrlll ;"""
(3) hplorotio<l uffutt. ~u,bineand rooiprocating .xv-ode", hecamo

it j, not yet clear whicll. form is ,upeIinr for h••vy..;!uly, slop<IJldilO vehide~

(4) u"'· of the "",aroh work on R,nkin. cycle c<>mp"n<nlO and SY'­
temHurrently .ponsmod by the Envirunmemal Prote,etiQn Agenoy Jm aul<>­
motiv< application.

(;) Fuodirigat nQ les> than $20'm;llion over dou";'.,, period,
3. If II•• ,bo,", de••lopment ph.", dearly Indicat.. the pol.mial ofrhi.

altomale <j,I<,m, ",,,",,om1JlO,,d d.., the federal ,govelllll1.nt mal<o lh. policy
decisions thO! win be required '0 .clrlev. the reality of low emission ·""hide.
lor urban area" including ,ulornobilc., trucks lmd bu'...

4. We ,"courage all state legi.Jat"I" to fulluw C.lifornia'. lead by con·
'ideril\!! th. n,ed for market .upport if a ,uitabl, altern,lO p"'JlUI~o" 'JISIem
I, dovcloped. S\lcll a need could b, addressed by the folb.>Wlng Ih"elnW legi..
l"h'o ptOg..n"

(1) blObld low emission vehide certification ]!lOgJam, ,~., rank
jltopul~"" 'y"ern, by their cle:mIin,,,, and p<rfulIrnInet.

(i) As a matter of publk policy provjde inocntive<, mob .. ,subsidie,
')f lax "lief to heavy duty valride u'"'" for pUr<ha~ng low emi,sion fl,,,,
vehides, e'peci:illy be""u," 'uch vehicle, may b",vail.blo, only at premium
prICes.

(3) Legidato'mor. string<nt h,a'y duly ""hiel, omi,~on ".oiJiud'
for urban ore" wheo clean altemariv.. arc RYliilablo, afrer neet' oporeljolUll
featilhilltl' i, d.Ii:ujOSlraled ""d low emission ""perience is VlI!id,tea.

PROJECT HISTORY

The'Cilifornia Slale A...mbly ,ubmitted • gr.nr applicarion m Iii, Urban
MIl", T""',.ott.tioo A<jmitti'tralion (UMTII) of the U.S, Department of
Tm"porlalion un D"embor 17,1968, ",.kin'g fond> l<l dernon.liate on<!
to.l ECE ,\,>to"" in city bu"",. This .ppIic.ti<>n was appro",,1 on Fobwa'}' 17,
1969, making thi, lli. first major "",,,ell grant mode to , .tate legislative
hod),.

Qualifred ,ul'l'lie" of jjCE 'j'St"'''' were """!!hI by m<.n. of. R<qoO'>t
for Pro,.o"lo Is.""d on M.y I, 1969. R,p1Ioo from potonUIIi'uppli." r'eveaIcd
thal ECE 9I'st,ms, far from being availabl. off·ilie·>helf, would require
exlon,i"" ,ngu,eeriog developmeIlt before :my demonstr.tion oouJd be
'chodufed. WIth tim knowled1l", lhe progtam was .....truclnred to ptovide
lim< and fLUIds fm d,veioprn,ol .nd new proposal, were ""lideo<!.

OnS.premh" 20. 1969, a panel <lr eigbt oxp'rl"ppOi"l~dby th< A...",.



bly ..1",tod tha till.. host 'JUalified ,y,torn 'Oudor<.
The actual work of de;ig"in~,.nddevcloping tha", stoam puwer .ystem.

",gon with the 'igliing of ""gi"e'riIl& cOlltram in Juna, ,1970, Eoch 'l""m
"."do,,...,,. pai,ad with '1t.mU dlf;trict as follows:

1. Willi,m M, \!roback &,A,,,,ciat.. , BM<el,y, C;,!ifon;i> With "eighb",iug
Alull"dH:ontIlL Coot·. Transit Dislritt (AC T"nslt) headriu>r1er.d in
Oakland.

L Uot M(>tO£'! ,Corpi>ratio'n, Reno, Ne"d. willi tho sOn ,Francis'o Muni·
cipal Roil.,.y (S.F.MLmi),

3. Slea", Pnwer Sy,t<n" (SPS)o San Diego, California, will, n,arby South­
ern Californl, Rapid Trarn<it Djmicl(SCRrD) in,lo. ArigeI".

Ov,rnIl dire"io" w.. ptOllldod by the ,,-,sembly Office of Re"ar,h. Thi.
"ffic' "'"' ."illleci by '11"0 '~'t.r""managament firm,. The ll"t w"' Sd.ntifi,
Analy'i' Corporation (SAC), • non·profit rese.rob nrm in San Francisco,
which WiI' to adOlini"" "ho project <>n • daily ba,i" conduct ,pabli, .nd
pal"'. ,ttitllda ,",vel" ,,,,I '"pI"vi" maklos of. ,documentary motio~'

I';';(u", Til< """ond w"' Into"'otioual Ra"""oh & TaclmoIogy CorpOIati<)lI
(I R&1), a W..!Ifug'on. D.C. fi,m, whieh wa, wmonitor imd ,epo" t.ohoi",,!
piogr"" anoi ,,,",,,,to bu, p,rformallco tb:rough • field office ,in S." R;uoon,
,':alifmnia,' K,'<fJI N.puk,waa made pmjoc1 manager by SAC 'I"~ Ruy RenD"
bacame pruj<d t<clmical maIlOgor ,fur lR&T. These 'l'''0JIl rnaD'gm rap....
""med the A''''mbly OJ) alI""',t...QladminiatiatJon; ooio,dinaliun and ""ili>­
alio ••

AC Tf1lllsit ,nd SCRTrJ con Irjb,(j~,~ 1m model <u,ct''';' "w bo "trofmad'"
ro "earn po,,~r; 'La.. Mulor,' fu,ui,hed its own 'bu, IUId powcfplando, I,a"
'0 'S.F.. ]'hml. Thc n,y Area' Educatio"al TclO'irnon Associa,ion, KOED, in
~,n Frandsc-o, "",'sele,ted t" folin proj." activiti". E><h,a't emission. we'"
t,,,ad aou el'ilill".d hI' "he C,lifornia Air ReMlfCCS B<oord. The Califoroia
Highway, PatrOl me'-',ureJ ,,-'und levek and porform,d ,motor coffio, ,.re'y
insp'ction,. Slippw al,o was prQ'lidecl hI' ,,,. A''''''''!>ly'itu",. C"mmiU,<
staff, ,110' Audito,' c,eoO'"r, Ollie". [)i,vi,ion of Highway" D'portment o['Pdt>­
lie Hcaitb arid'lhe Oflo" of lrisu,,,\w, Durill~ 'pacial domqnstration" assllt­
a,,« w" pmvickJ ,oy D.C. T"nsit.nd Ihc Sa<ram,n!o T"nsit Aulhorit;·.

Willi.m il",o""k & As""late, wo' the fi,>! to onmplNo in".tlallfill w"'k
."~ hava "t"n< b\" oparalinoll1. iII Sepremt>ei, 1971. Thi. ba, wali deliv"ed
[U AC T"n~t GO Seprambe, '-7. 1971. Th. Le.d"..ill.tiou was Ii", nporMW
in January, 1972 aud daliv.,ed to Son FlOod",o 00 Juiy'20, 1912: 5",,,,,,
PuWeI Syst,"" CU"!plete<! i"<t,ll,tion in ,\1"clL, 1972 and brought th. bu,
,n Lo, Angelo, onAagaot 7, 1972.

in addition to partioipaliog in enginoer1n~ testing and /1«t tiL.h, Ihe",
expoJiment>1 'ehide, ...." iomlved in tw<) m,jUT demon""Tioo',

The ~,ob<'cli'J\C, T"",1t 'lIleam ~'" ""', demDlIat,ateJ in WasbinciOl1, D.C
o. "lovcmbo,,"P, 197J, in conjanctiun with a Ste'm Bm SymJl<>~um"p6n'

,o.re4 by UM'lA and.. lh, ,U.s,. Dapar1mcn. of.lmnsportatioo, Duri,,~ ;,,,tay



in ,h. natiOl'" "pitol, tho tit,t modern steam hIlS travelod more than 7S
mile, .nd ,,"rri'~ n,ady SO{) people iII <I,owi"ll' to Deparlrnont of Tran'porla-
lion otooW., ""m1><" or c""~,,, nd s;mpo5inm gUost••

On April ].Ii, 1972, all three m h""es.Were d,monstrnt.d bofo"· mem-
hers of the C,lifomhi Leg;~ature in·S""nmenm.

Firnmcially, the OJillinal gtlltlt application requested $450,000. This figwo
proved. to .... inad'qnllro IIrtd CilifOmia mode .pplle,Han for ,ddod funda
which wer, <Ubsoquon.ly apflfovod. At th' end of the p1op:am, fed,ral frind,
totalod $2,294,525. to",) conttibution' of .hout $5.7 million wore IDlid. 10
the projec1 I>y the statO, tl'1I' lramit dhtric1., IIrtd I>y th, 'y'tem oor,l",ctOI~

Thw, th." "'lal proj<ct co,l wa' appmxi"",tely ~8 million. 'IJw largert share
w""tho 10,a1 oontribution mode by tho sY,tem.contra'","" .ppmx.m"taly
$5.$ nWlloll.

TECHNICAL EXPERIENCE

Introdut1"'"
Dnricg the experiment,l l""iod, th' throe contractor! WOJ. 8Jtcouragro to

dev.lo·p th.i, own d",ign 'pproaches_ Eaoh v,,"do, considerod 0' jmplementoo
mOl, thaLl one ·d.s.lgn ...bich ben,fit,d tho p1(lject-. Reciprocatmg, rotary IIt)d
lurbine ,"gin.. ,"""hed pr.limioo,y \l<nct loot 'lOge'. A llumbel ur-wor~ing

fluid, ~th", than.w.le.. were 'Xllinino~. several variation, of control >:1'''''''',
au.iliary d,h"", f..d pump> .nd burne.. went onto an exp<n;ive junk pile
befuro v.chlcl" reo:une op".t.iollaL

The- fi~.l system, h.d ,orne fealm" In .oommon, All uied w."" "" the
wrn:king Ouid. All vendor, !!Onerat,d steam in f",cod-ci,cul.tion, C6n!inuoo>­
<oil lntnbr st,.m generators. 51e"", temp<c.(ulO control wao I>y the ~norn1"

Ii""," principle in whith <uwlemental ....t'" is inJ'ctod ·int" tho 'nperheo'el
a' reqUited. Condentring wOO by fan-cooled, finn.d. tuhnlal radiator<. While"
variety of liqnid. iu,i> rJUI)' bo 11'<ed, No. I dl• .,l was ..le",d h,o.n'" it was
the "'OlJal~ fu.l oftha industry.

Bo••",o lim. w", an import.nt factor, many t.dini,>! compromise> had to
be a<e'pteJ. A. ,1\ expedieilt, oomm"'d.lly .vailabl' multi-ratio ,nto"",tk
tmqu' converter t"",m,,,irins were u>ed, ""." thOUgh ~'" eon""""" ...ere
not w,il mat,hod 10 ""m expander•. Fixed Cl".-<)ff was w,d in thqJ;'I(IJ'
,ngi"" in,t<od ef the mOJO dimwit bul much mOJ. offieient vatiabl. cut·ofi
type>. 11>< m:Ull exp.nders wore ...d to ~,ive acc,,,,ories.t idlo. alrhongh
lI1CIre ,ffie;cul melhod, Were known. 1kv.lup'''''''' uf engine retardiJJg with'
pi""" engine.•lthough de<irohl0, wo, hyp"S&ed In thl1; ptogram. Compl,te
oporol1on,1 ,.rety, on the other hend, wa' a·m,nd:rtory requiroment, ...b',h
all vend~" ",el. "ri,r"torily_



S)"tem dC""~pli"",

William M: Brob.,k & "",,ociat". The Brobeck s)'stortl was ao outgrowth
of the ,u,oniah(; monutube "earn genentor< ""d comp<>"nd-exvan,ion pi>ton
engin", devdol"'d earl.,r 1>,' D<Jble and a..ler. The ,toarn Il""OIaTO' 'ad its
aU,"",alk control, ",<te moonteli m the engine comp,rtrn,nl 01 lho rear,
whll, oft,e:.- 'Y'le", elem..,t' were located >i"id.rup, under the fioor ",hown
in FIB'''" i.·AII '"""""y and au:u!iitry ""its we" belt driV<.n frurn pun.yo on
the forw"'d Oili! of Lh, engine ""rnkshaft. Cond,nser f>n"we", remotely
illj",", by. hyillaulic mot"". 'The """mlis.,ion 'wa, a Dan'a_Spi«r model 1M
wilh twn 'l"',d (U,q"" conv<rte, .unit, whi,h.locked up into direoI cr,i"'t
28 ",.p.h.

BrObeok', ""m !!"uOfator was of tho continuoos,wil, fmc,d-clrcul;tiou
ty!", UilUg',","Ut one quarter mile of >mall dlame1et n,bing whl,h ;, ,"own
in"alled in Figure 2. Both l,ugenEial and "ial bw"e, fuings. ""re explil"d,
with the fot"",', yielding hOlto, '""ulr, in th~ oonfLgu,ation. Tho bum", u>ed
a ,i"gle ,i,"'t<>"'i';u~ no,.,le, willi automllti, switching among four ,t,,,,,.y
,tato I",~l" o~', idle, low fire and high fire.

B,ob'ck', o'pandor had II"'" dou,l, llOting oylinder,. (ompouo"]. ""l'''''''
,jun Vi" used. will, 00. h4lh pr.soure Cylioder .'<hausting.into tW<l·lo....-p"s,
m", ,,,Iiodo,,,. A" OIl expodient, " non_""«>ible fixed ""t-{)lf valve !!"ar w"
u",d. By phcingH.e 'l"ltm oo'''punenl' 'in e.xi';ing iJl'lc", the origill" ,ea"
jog. cap,city [0,'51 P"=~'" w" "'tain'd. At Trami", coaclJ w><, 1-96~

("ncJ,1 Muto" bu" which, ltke ail other ""hicle' in Uti, J'ro!!"'m, wa,40 f,..
IOIl!l""d lG2 i""h<,: wjdo. w'ipung lIeiw¢cn 21,,000· and .22.000' pound. urn­
I.den.

1,M' Mot<'" C"'polation. The ! ,",r system differed strikingly from :the
oth", two in It, n,,, of a tUTbille a. ,n eXpando,. ;lJ1 majorcompnnent' ar~
placod ill lho 'engine oompartment, wlii<h had [0 he eul"god to ,ccomod•.IO
rh, ""H' J!l'nerilor. coMigutatiou "'d ,ogeue",,,,, and, thereby, "duced th'
urigin"1 "'Hng c'p",··ity by live f""cngef£. Loa, ·I.!olm, snppllod th,ir own
197Q Go"eoal· M",or, bu,.

!.<lor 1.1",,,,,' ".e,,]\ gt'"eralOr f",'u'ed a ""hili oUI/low ofhol oomb",ljQu
~"o, lhrough th, cul;" bWldle. DUrin(developmonl, ""'e<al Iyl"" of burne'"
wo" "led, i"dll~j"ll vaj>llriling, Iuochanklli 'tumizillg and .ir lItomizing.
",i,h. 'he ·la., ler finally .",lupted,

tI-.is "ohiclo "ppe",' to lie 1he fi," in hi<lory to bo ,ucc'lI8fnlly pO:>pClled
by ,"'Om tu,b",e. Th' Singlo stag' i",puls, turbiue we, small. wilh. wheel
diomoteo of 5,6 incires. aod ,oLated al hlgh 'peed, up to 65,000 ,-p.m.. ReO'
du"lo" ge",iIIg "I' 24 .lu I oo""cow1 th, ,wbine through·,n Alli"'" HTO'74Q'
fOU'"'Jl"'ed aul"""'tic 'r.""'tj'>iun to the "or oXIo .Mu" aUJdlJa,j"" 'ka we"
driven fmm rho 'I""u "ducing gearbox, including the feed wator ptunp, IW~
cond,,,,", f,n' ,no !>llrnor blowor. Pigured and 4 ~lUw lhego""ral'ITIlII8"O'
mem of 'hi' j>OW"pl~u,aod n, ;n8lallat,ol1 JOt the dernousr",uon oU'.



S'...m Pi]W." System', Inc. The 31'S powerplam fe.tured ...ix-qlillder,
d",,6l,..'tir.g c~",pound",xp""oionengin., Steam wa. r.~e"ted b'tween tho
tW~ <xpon'io" 'lag", Steam g,nerenon w"' by. ",ne..p"rallel tubular boll"'.
Wi'h all'.dditional '''''lion for the inle[..loge ",<rupcrheatin~ TltO ".am~.

erator, .x!",>der, ,uxiha,i"" and' one oond"n""r We.. located In ,~< ,oar en­
gine oouip.ort"""'l. which wa, ""l.,ged .t t~e ..C[mce of'five ",., seatsfor
p..sengers. Three .dditionol ""rulell"'" wt.. ,lo<ated ""dor tho bU'"j"'l
behind. tho frollt axl.: Installed coinpol1ellls In SCRTD', 1%8 Fluible hus
ore shOwn In ~1gri", Sand 6.

Of th, th... bn"", the SPS b'" was the only'one to pl"6\lide air oorultlkm·
in!l ond retotn the OrIginal 'lllmmi,wll,' GM-Al1illOn SUpe, V, and angl".
dnve rear ".le, Two signiftcallt jDnOI'atiom w,re earned to bellcb I"'t, hilt
w.re laid asloe' when limo ,Id not permi' ""velcrrmmt..Ono .tt"",pted inno­
""tion w" the us.,of Infmiwly vorl.ble cut-offvalv< go"" which would olIow
eng;ue ,peed contrul wi[horn • throttling val". while belng oon<!ud,e «l high
'hermal emcieu.<:y. Another attompt w"" the cl11"ill.tion of oil lubrlolltlts in
t~, ".,m -cylirideT, whioh WO\Jld avoid th, problom ofnil oIlGY""'" into the
OOooen6CJ: ,~a bon....

Silfolty. Comple[e oper'tiona! "fely w". firm requirement wlm ,u!',<iiI.
lllILce.nd conftol .xerci>ed d\lr1hg oil ph""", ",ch as d,.;gn review, l'bOratory
p[oof_[",tm!:md f"''P'.nt in......ice inspOC1ion,. TIlO fol1owin~ erik"" were

'!'PIled:
I. Toxic.-f1am:m.hle m expl",ive wmking iluids n'en,not permitt<d.
2. Sfe.tll'll"nor'lOrs,were d<Sign,d to l>olllher.ntiy n01\<xplosive.
3. SevOlol "My limiting devioes wet< "sed, ,uch "" j>f"Sllfe ind i<mpora­

tu",limit switch.. to .he .uromatic ..."'" gim,rillor oontrol circuit".,
weil ....f<ly v,]v".

4. Limtting,govern"" wet< .ppli'd to prevent accidental exp.Itdor'""",.
'P'.ding:

5. Fl'me' "'"'lor, welt i'mtatled to stop tuel flow in tite event of !goi,t,,"
fail"re.

6. DriVOl con,,,,ls we" rirnpHrtod 'nd made"" similara, powblO, to those
(or • _-,<!a[d di".i coach,

In t~i, project, larg, pressuri"'d ",,,,,1, w"" nO' permitted fo,","'am
f"n"ra~ion, which c!jmJo.led .ny po"lbi1ity of a suddon explosive ",ies,e"f
,he boller', "'''llY conteni. A ",Ia'ively 'mni amonnt of ....m aod Wllter i'
oo"'01'd..to , long ooil,d lcltglh of tubing as shown ill Figure 5. On a Illlmber
of oec<Sion', tub< '(Oil",,, did <icWr in the:l, 'XJl"rimental steam g<ti",ato,..,
bot they p,ovoo '0 bo i"C01lveni,nce, ",thOr than h02.llfd,.

Bocau," of ,gOOd deoii!ll practice and o"oflll workmanllhip 'by', syst,m
vend",,; tli rOle" tiat b:rzard level of th... system' w"' jud!\'d to b' ,imil...
to that of g::i' tllIbh<es, which luiv. lor!!" qwmtlti.. of fuel b",n'd' in ""m­
11""0'" oll,oilk an OIIgtne blook,



Ro.d p"n~r""""o. Th,,,, "cam powered Yehicie< are cap,bk of oqualing
0' ,"c"dinS ,",d pe,f'~mancc nf buses poW<red by ,ix.,ylinder diese].<n­
gi,,",. Stea<n b""', could "",ally ~upli,at" 10 lh< minut" time "hednJe'
,cJ,jeve~ by (/;c",i power during revenue p..",ngef Scrvke..

Because lo,~u,-<on'"rter iran'mi",irin, we'. U"d',th~re wos.httlc OW",..
Ilrn·,ty.'" l,'b ,d"""tall" of ,he f'VOf'bl, mtqu' ris<, high 'tall ."'<qUo an"
poIOllU.aJ rot,!,(l'ng<ffort inh.,onl in ".aln ongJnc" -

E"'i";oo....Sev"r.1 te,'" .wer' i11,do of o",",wt emlssiOll' of diesel and
steoOl·. bu,,,, by' tho Crilif"'nla Air Re,oll""'· Boa"J. 'fl<,u,!'" «",firm 'hat U..
ECE ,an pmiluee 10 w o"",ust· ,,,,,";on. "",n lhOHgh the,i>telUJ]' I"'''''··,on·
sumed sigtlllkanUy more Juel.AJI ,,,am ~H"" "r.l the 197, C,hfn,,," ho,vy
duty vehicle ","'d:lId" whioh limit <",bon mon"xi~e emisOOru; lu 25:gr,'Il'
P'~ bloke bo"'po.""r ho.u, (biiplhr) ",d' hydroe"b'"'' ""d oitrogon oxide>
oomnined to -5 [111Im, per hhpihr. While dieS<! bllS" t",too e"ily met Ihe CO
requir<menl., ""-"' cajne clm", 10 rne,tinglhc .0Q,,11'-mOO He ana NO, Jimi.",

When 'h,' oleoit.,j ""'m hu, 1VlI' <omp,ieillo , composi" of the cJe'jj~,j

<li",1 b", lo,t data, the st.,.m bu, prodUCed .JD.5 per'<nt I.,.. CO '"iI 86-.0
verc,"," ic" He and "0,. Of 'peci"] mt".'1 1VlI. a 94.0 per'''''t ,edu"io.n jjl

NO" reco'ded by ..'tho ,I,,,,,.,t "e,to b"" rOsting "'" dOno with , chas,<i<
djin'mumoto'.-with ,mi..iQllS "mple~ ,I"rtng IJ"p;lraLe.""'dy·rt"'o '11000<
of ,p;eed an<l 10.'0. Ibi. proe,dule doe, nut lr",l"d, '''Y road: JooJ 1'.'Jl>W,j,,­
~u,ir,~ sampling, but ",,-,,>ien" from 'bon" ,nd 'bumer 10 hold a given n;',o
lo'd wer, int'gra'ciI·irlto 'M "'''Irs_

All ","i,sio,;, 'om wore ""d, wid; N"mhor One <Iio;.j Ikl. With proper
'<!i""m,nt, combu,tiOu is l'irtually ""okole". Durtng testing, ""ake '0l"cit~

"umbo" wore simI],r '0 that of well_u",int'inod die<ol., lVitlJ.,.adings gene"
ally of on, tD.,~,ce por<,ut ex,ept lil, oc<asion:lJ 'vi,ible ,,,,oke when lo,ds
we.. chatlgcd. 'li!!bt odors 'reminiScent of. If''' tuIhiO, orje' 'ngio,; <xh,ulOl
WO'" >ameli me ,. nOJod.

:>Ia;"". Tho C.Morni.a ~hw,y Pa'rol "",d. ,"rvey, of ,ound levels bQ!~

in,ide the hu6C"S ,no In th. near-field outside. onl'ilOnm,m. Thee lypes 6f
t",t, IV'''' cond"ct,,", fir", dMvo-by, liJU d"Olile. ,,,cond, '''fidlng ,,-,n', ani!
'.bird, ifltodor.

1'<>;t ",ul~, ale il, th, fom, of "ecibel "",ding•• wh;,h .'Ie comj);l'atjv'
mo"""" ~r.O"Jl<J·pres'UTC lev,h.A IOllanthmlc ""'Ie is m,d, thus, ""ducH"n
0'11"". dedb,l, "orce,'pond, 10 , 50 p""ent """,,lion of ",uno lcwk

Dunnr, d'ive-by ,••1'., 1ile qllieto>l "<.un bu,wa. 25 to j() d",ib.1s below,
die.'cl, al • 'a,,,,,,,,, of 50 fee.t. Mo"nver, <h, quiet.,l ,tea", bus. in "mlll"0<1
<,,,hide te"-< wa, ·6.to 14 deoiboJ< bdow ,bo quietest dksel' te,i,d.-Onthe
other h,nd, jnt,"'" ,o"od bel. ,••""·simil,, Or high'" ih", <1.. die,eis, wid,
the ex,ep'''in oftne IaI"t·.,,,,"I,, rOT the Bm"'''' po.wClp1lnt iru;,,!I.tion.

The i.¢" ,}'''om omitted. ltigh frequ,ncy:sound cfuu'aoienmc of t",billO<,



U

It ,i, p""'bl', I",wever, '1Nl! mo."nil",1 ,nd ,'adia'ed ,sound kwh of thi' "".
hick. now h'!-~O; d",n <hesel', c,n be "-"",,oJ by ..d"'''Iu<s proven ,"""",,fol
in ija> tu,bine p,,"'ice.

Fuo! <on".,,,pb(J~. Sl "~CO h,,<e, hod very hi~h fuel consumption, The b,st
CTilire f",,! mil,,!" of Ul" Brobec\;. pOw", phn!'w,", 3.' !lilles P'" II'I10n (TIlPll)
"UO m.p.h., while" di,,,,l bu, ''''' 'obi''''' 7 10 oImO>1 12 mpg und<r the, ,,,lIt,,
cu"dil~("", llUdng ,ct"aI ,top-and.go fOllt, conditions, ""," fuel "t<oo or
0.6 10 1.1 mil!! woro nme<! <"n,p,rod "ilh dies,1 ,ile, of 3m io 3.63 mPl!.
ldl~' ft;,1 "O"'UTIlplior, wi., ,1'0 ",i~h, wiill !team ,systems using 32 to 4,7
~loIlS'per hour "omp,,,'d, wilh Ji",d "gur" of 0:5 to 0.(,5 ~I,," per hour.

0p"".ung ch"",e"""tie~ Driver '''''1rol, on all ,t,am vchick, wo"' ,imil",
'0 'ho<e on it,e di"",l oollCh before <'oo"""ion. Th",' control> includod • foot
throUIo, a,i, br,ke 'readle ,na 1",wa"J·noutral_'''''et''' "I"'or l,ver, In,addl­
tian 'a the. orl!i'I.1 I'ln'l ;mlnLmon", a "cllOmoTo' 'od , "eom pre",ure
gauge w'" indud.a ,long willi ;nd"'''or light; ,i~nifyin~ powecpkot c(Jnai·
tinn' and inoipient problem"

All rue_up pmw!urrs v.~" conl,-olkd from tho ~ri",,-, ,,".. SLlrljci"",
m.m ro' ,tart the ""!"nder was mill,ble within a mhlUlc frum , <;old '"""wh·
0". WhUo e'reful wann_up of th, ,xpand" reqLJirod 'r,additi"",,1 lwo to flvo
",iliute< f,,, 'y"'o" v.ith 1'<o;p,ooato", tho Leu lurbino could movo" >oon
.. ""am W" ,eaay. All thr,e st,am ,y"em,h:id to b, Jri""n [-or" 10'" bloc\;.>
h""'" tho" onrire syst,m reached prop"-' mnpcmtulc, ,nd m"imum pow"
w" .vail,b1e. 00" th, po....erphnt i> hot, how,V<r,it may bo ""tari<d wilh­
in • """" .of ,eco",k e.en ,rt« ,a lap,e or 30minute,

Although ,11 U"co p"we, ')fSte,"" employeo oona"""''' r(JJ Jew'e,y of
w,tor, nOnC I<"! , ,omple,ely ""led 'l'nem. By menn, ofJeHef volve" exc"',,
>lcan, ""h,u,t c"uJd be ",li,,,d undcr overload condition' on , hoI d.y. 1ho
or.gin'l go'l w"" , touritigr'Ul.!' ;t I."" equ,ll0 or.mm:l! dILl'" op"ation fu,
d,,,,ol bUiiM. ,In practice, however, >11 ,"cam hu"" sometimes fell shott of'hJ,
gool, beca"" of unr,v"r>hle conden"" ,mounting oonfigur"ion, (BIObe<k
aud SPS) ,n" poriod' of in'uff"i",t lurbin, operating ",cod (Lea,).

W",,, heat relea", from '. Rankine crcle p"werplant i' 'ppreciablr greaTer
than 'hot 'of interoal "omnu",oo engine 'Y"'em,. Much <on,i(ler"i"", the,e·
r~r., was ~y,", c" ~i'Mi"g I,"" fluw aw,y from the p,,,,,,,,ng." <ompHrlmoot
and b",,'Mm.

hh.n drivi.~ <yd... [Juring rne pro.jot!, dbcl 'M "'~am b,,"', were fittod
~,h p"'l,bk 'imlrurn<Jl" fur ,","mons and recording a """,be, of "'hi""l.,
and TOure ,h:i,aotoristics. Urban bm toule' w,,"e, thell "re~m",,"lly ~~""o

with. oon,tant o,It.." p.ylo'd "I' 4,500 puund', ,"prc,en'ing' p,rtialloa<! of
JU p"-,sengcr,. So,o",1 type, of driY;ng cycles enmun'e,,; hy u,O.n ,",huh'
utban bus" were dlereby idemifiea i.od me<! " , ba'i< fo' ,d"aling-b";



"l"',folIlllln", .

St.arri buses en'erod ,."eno, I"ISCnger sem<e in me cllie< of 0""1",,0;
Berkoley, H"J'W<I1d, &>, Francisco and Los Angel... The longe'llndlvidual
publk ",mee wa, tight..,D operatiTlJ! d'~<thO iliortCSl wa' two_ S-...ra]

'pecial de",n""!Illtions wo,e provid'~' huwcV<r,.t>efo,e and- ,n", d,livery of
th' mam b,""",. to their ."Igtted rniIlBil di,trict•. Th,,,, three vehide..cournu­
I.te~ • totol of 8,37< ro.d mile., including aboUI ~OO mil.. wltil. oliIIYing
paylng p=,ngel'<.

Public ""per;"n"" on, disllict·by-di<l,d<l t.>:i, """ as followa;
At: 1"'...." (JriJ""uaIY 23, 1972, the AC TraIlBit "loon1.bu' entered it, lim

daY uf public ,erne<, operating from F~" O,kl'nd to Berkeley and back.
IVhilo completing it> third.round trip of <t,o doy, au ,,,,gino failure, in,""v:ln~

a »role. OIo"""'.d, forcal th. vehicl, to 'telire ncl~ tllree lIImic, f,om oom_
pleling its d.y·, s.rvke.

em May 25, lYH, the ,loam bus ,.tum,d w publio ""moo miling-one
,ou"d uip pOI day ""weon Oakl""d 'nd ~e<""loy.On J"n' 5, the bus o£",,,_
ted from do";nt~wtnhlyward TO OaJ:bnd .,,~ b.d. Doring ei<:ht day' of~
He 'ernee, 13 "".-wily tri!" wor< completed and lhn;c w,re aoort'd_ NumOf­
OW; operating 1"~b1e"" were enooUlllered, including control in"obilily,.a
blower motor t.,luro, a feod ",aler pump failure, relief valve .belioWs fanute
and poor waler oo=mptio". Too .le,m Dill Vi., withdrown from public
•.,vice on J"n~ 9'10 w,<!e,go improvements_

Oil· Septomber 19. 1972, the At": T"n~t ",cam bu, returned to putlic
.ervioe; op".'inB ""twcon downlown Hayw,,-d and downtown O"kl:lI>d,. O'

di,tance of 39 milo,; It opeMC<! on thi, roUle fo' o;ne continuous dllJ"l with­
ou' any operatiOllol pTobkm, endins """ice on &ptember 29, the lost <loy of
ol><ratioo Una., the prujo" tOI7ll;nored on Soptember 30. Operating ,t mud,
reduced no;"" I,",'cb, coach Number 666 travelod 353 mil" dutirljl tlU' pe'k>d,
accumulotil1l! " iot:il of S,4M mile, tmde, 'te'm powe' from September 'j~71

through Septomber 19n, No </o!" were "'~Wr,d for water or fuel. and only
occ,oiona! odots 1rom an improper fuel/air'ratio motrecl ito oth"",,;,' perf<ict
"r"<o.

S.f. MtilUcipill\a~".~.On A"S",t 7, 1972, the Muni Railway ""m t\JJ'·
bine b", bOj(lin iI, revenne "'rvlee between the Southe,'n l'adfie Slotion.rid
fishermon', 'lI'hlIrf and bock. On AUflll" 9 !hrou'gh 11, it w.. withdrawn fro..
..rnce to "LOk, a bOiler tep"il ,nd tn odjust the Durne, which emitted norice-'
.b1,. smoke. From "-HgH>! 14 th""lgh 18, the coach op<rnted ". cnmmuroi:
>huttle betw""n tI,e Ferry Building and th, S;I'. Sl<Ition, making up !O'j"ur
trip' a day with., rtlIIXimum nf 98' I""",nge" on board, From· Augmt' 22
through 15, it operar<'d on • riMe rigorous roule lm-olving ten mil" nfru<.

)



"way ,nd , ,;x pe"""'. grod,. On AU~si 25, during the 1.st day of publio
""'""'" th. ,,,,,,m -turb;"' bu, attempted two round trip> "itldulI1ood. and
i<1<' • fan lJell on the combustion ,io: blow", on • fre,way dllting ru>h t"fflt.
This w".lh, only opor.t",n.! problom during .1'>'0" diy, oh....enue "",ice,
'00 tho bu, returned to lho bam under it, own !>OW"-

On " lo.,t.twn OC"~""" once ,,;t!l , Simulat,d payload of 4,,00 pound'
""d <moe with fifteen p'''""ngm, lhe bu, ,"c"",,,funy t"".""d the &era·
monlO Street lOute, which include. ~.n Franc;,"o', ,to'p""t "",' ~rad",uf 16
",Ld 1~ perc""t. lmd"sco~ it! relatively trouble-f,ee time in San Franci=,
tho steom bu, ;Va' d,i,.,m born San Franci"", 10 Reno und., U, own p""''' ""
August .31 and September 1, ~"".eling 230 1II11., OVet. tho Sicrra Novado. with­
out ",ajor pwblem'. Duri"~ it< brief oxpo<;uro, ,h",fure, lhelJu, provided
""Iy' indications of tho P<J1Cnw.l for high SyMem JOliability. In oight :mnn''''
of operation si"co Jonuary, thls bus traveled 3,900 miles.

SCRTD. Durlog it, f"'t w,ok or pubJic '0""'0, ,he SCRTD ;team bU:;
cncoHnl'"ci uumOIOUS diflkullie., I" Ii"t two day' of at1cmrt~~ l'uhlk
,,,,vi,,,,.,,,, Soptemb<, 5 md 6 ",erO >lhMed, he,.us. a holt she"",d 0" rhe
oombusto, air f.n ",,,,,mb!y and, s,ar mec1>lllli,m 'in tf" oiJ pump failod. 00
S'ptemb" 7. th,' btl, ""tOTed )'Ublir ,.,"icc, btl' it oompkte~ only.a ono-way
,rip of 7.3 mil" b',,"u,", .. puney Slipped which p"",ontod the fan ffOm turn'
ing"in,id, lhe b<Jn",~ On S'p"mb" 8, the bu, was witM",w" flOm public
,,,vice 'when , boJJ" leak WlI' detW,d; ho"",,,,,, tn, hu, H.",l<>:l 86 mIl"
on S,ptemher 11 during perform.n"" to,U"S tlntil thel.o:>il", leak detcr;o,"to,I,

Aft", tho bus w" towed '0 Sm Diogo .,,~ [he repeired bo~er was installoti,
the. bi" rotumed tD Los Angel", on Sept,mber 28 ,nd re""nt,re~ puhlic so,_
,Joe on Septemb'" 29 ,op'ratjngon WiI,hlre Boulo'Illtd. It rompMed , 'l1Cce...
("1 j ",'nile round uip with air wndilioning ope"Honol and faymable per­
fOlJrull\C" e"".p' for a lno>o hanel)' tomrinal which c,used a 27·mbt"lO
dol.,.. 'Tho bu' theroby comploted i" ,",cond and la'l tl"Y of publk ",<vi""
bec.u,", vondo. .nd fleet operator oonl<""" oxpired on Sep,om"", J(l. lnS:S
momh, ,in"o March, 'bis btl.roggod J,007 mod milo ••

PUBUC ATTITUDES

Part. of the .project o"a1'''tlon i"vo1ved """,uring pUblic undo"tanding
,nd ''''op,.neo of mam pro>",j~on ,ystem" Thr aWtndo" of four groups
w..-e ..n'",yed: tbo gen'm! public. dl.",1 and "',am bu, rid."" "ansit dimid
man'li"r,r and "eam bw; driver,.

CnmDurnity attltude survey'- Thr<' ,urv,y' cDnduetod.by t1>. Survey Re.
"arch Cante" ,t tbe Univ.rsity of Callfornlo " R,rke1ey and ,t U.s ArL!!"I"
woro designed tn JrI""UIC publi' ""loern .bout .ir pollntion and the' need f,,,
altorn,tIV, t<an'porlation system" St,nda<d motropolltan """"y, w'''' coil.
du".d In Lo, Angel" CO"nly In Oe~ol>e, md ~o\'ember 1970 .nd in'Ma<ch
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,nd Ap'il 1971. The San Fra"~i,co nhArea w.s ,",tod ilfayo"d Juno 1971.

In th. Lo' Ar.ge!<, C,mnty <ludio') air pollution ,,,lkod .. th< thM most
se,io"" dOIllO>tic problem f""ing American< today (5J%).. Con,em 0"" tho
""iollSne", 'of .,;. .j:""Uulion held COlI""'" for variable' of "ll", ineorrt<. e<la­
""tion ,nd ethnic hackgro"n<l, exc'pt for bbcl<' w!)<J placed properlY I""""
mco,l.tions ""d quality of school••holl<! of air pollution. MoreOWI,·8S% of
tho" 'ampl,d fell air pollution h;I<l ",<hod a point liko'd! ...., dangerous to

human health.
When O&:O~ to idenlif'y ilio <au"", of.ir pullution,. 67% of ,e'pondOilto

blamed th. ""to'nobi!e. Whon "Ired wheme, or not s!€am bu"" .would .help
iedno.'.triog, 42% of th"'" .urveyed 'hongJit "'eam buse' wouW h,lp. great
d"ea! ~n4 38% thOugJit they would help ,om•. More th"" 85% of tho ''''pond.
ent! wonld ride. b"" pow,red by "'.am, if they had an opportunity lodo so.
An inoigniflcotll1y'maIl number (1.3%) ""pre.><d f,ar ol>oul ridin~ .te"",
.~C

A survey w" runduo"d -in th, S""Franci"'o Bay Area witi, .!milar result"
""Iron-.."")',,- Rider reaction of steam hu,", was measured by """'l'iJlg

239 P""'IlJl'" Qfi tho three 'to,m b",,,, and 307 ,ide" of conventional die",l
bu... rr,vel!ng tho saln' ",ute' at the "me limos in Oakland, H.ywllId, &m
(''''001''0. and. h" Angel... Be,.u,", of oarefully controUe.j ..lootlonj'ro.
"dure., tho. d••",1 .nd ".om bu, ride", 'hated ilinilar chn""'erlUk', which
in"'re~ a ~:. relJabllity for comporisoilll..(ntem,,;.. ""'.-'P"00<1 throug!inut
the cl,y.

Stearn bUll ride'" "'.'0 "ktd 300m thoir ,.actio.. to'the experiment']
voliid. itself. Worall .=ptance 10.. lripl. AIm"" M% Sliid they no'iced
.'om. diff'rene' "In p,rfnrlnlince. Mnn lidOrs felt the b"' provIded. """_
ride. (63%), produced' I... OIliok. (74%) and gemratod I.... air pollution than
a di...,] (83%). Opinio"" on odors, noise. and I'clllcular power 'i"ied dramati­
caUy with .am ,'e'm bu~

On the ;,nl>OJtar.l q~"tion whother rid", f,lt ",earn buse' wuuld .JiEilp·
,educe air- pOllutfun, 47% of the 't<\am bw rid,,,, f.lt it would bolp' great
d",,!' 44% <'lid it would help somewhat and only 1.7% felt it W<luld be of littlo
belp. Dj"cl UU, 'iider' saw Ie'" impact, witb 32%, boliovjng it woiJId h"lp.a
!!f"Ii deal and 44'H.. tb,t It woul,] h.lp somewhat.

1'nmoit ~,....W "'""'Y" Slx!y_fJve ",,,cit manage" whQ operate,] .1 le.n
lOO'lJu"", were milled 'q""'tionnai,"" The 48 rellpon"'",epre",oted publio
and private ownership of about 86% of all dey bu",'. The relotively la,~

rellp.Un", rate alluw'tho dOlO to be 'o"'ide.red lJuth repre"'ntatiyt lUld reliable.
Nearly all ".",it man"gers, both public and'private, oxjJre,sed conce", oyer

'ir poliulIDr4 Abuui 54% fclt it ",", very seriuu, 'nd 4Q% believ<d j, w.,
fairly ..riou'. Whe".'a<k,d if it h'd ".ched • ""lnt to. b' dangerous '0 boalth;
42% ..,d !hat it.lllni and 4()% tbought it ml~ht haV<.

'11", majarity of'lria".gc" (67%) believe" tb. transit indu.lry needed to
adopl, a ,elellI[ prop\!isjon 'y".m. If ,t.""'bua" offered 'quiel<J" and ,Ieim""
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ape""i~~, wmild tra",it rnanag<I> purchase !1l"",~ Alo~ut 54% salol y.,; 125%
said no ',,,d or.e_third ltil~ no ~piirion.WhOll ask,d ifthc")' t!lou~,1lt ,lo.m lou"",
W<luld ilclp reduce air pol]uti~u,110_, only 2% ,lIld '.gtoat. deal ,nd 27%
sald it woulJ nelp somo, but about 54% loo1i",OO it wouhl1>e of tittl, help.

If ,telltll b",,' WeIe av.ilable only',! , itighot p'ice lIutn dlese!" how much
wOuld min,it marutgll" potY? Only 4% "",re willing 10 pay otiO-fourth rna" ano
20% wore "'~ 10 p,y uno-tentb mote. One-third. of tho n..n¥" were·not
Mlllng io '.pay any p,emium. Another two-f1f<h, wanted 10 wai, fo,. more ·i",
funm'ion on Qptr3tlng COOt, 0' ex!",,""""o opinion.

Steom bu' d,iver attitod... An in-dopth pet",n'" intervlow wa< c.cnducied
wj,h fIVe driv"",, who up..ated both. dies,l and steam buse" 1",1 who had ba­
twee" nine and 4:1 yo.", of ,,",..ice. Thre'-driv",' were regular optflllo" a~d
two w~te instiuciors.

v,1ten ,"',d which bus they would clto""e w up..ale On. daily h;''',:ill
five dri,"" ..i~ th.ey. WOOlloJ l"of" lIut "'am bus. because if jllQ,'ioJed •
,maother, quieter ti<lo and ,.,,, 1... pOllu'ing; hQW<Vtr, all driven rccogl'l>ooJ
th.i- n"ny Imp<ov"",e"t> would'1tove tn h, mado m·.,team bu"" heior<,
choi"".ofv,hid"."'c'me. reelity.

POTENTIAL FOR iMPROVEMENTS

('""""al outlook. Tho Extern,l Combu.tion Engine attack, tbe problem.of
air p<>lIutiot1." it, root>, which are lli. pI1y&lCB and oIt~mitlry nf tk',,,,,,,­
hLlStinn .pItio"",. Almoot by defmition. ~h.e l!CE can l1lIvo tho Ci"",,, rom·
bustiO" 'yotem p';',ijlle_ W~b it> smontlt, quiet application of.higIt "'rque
piopOlling,rnngy, lhe RiI"j,i",,' cycle .ppt", to be .n·e~rene"t ciuuiid.io fm
,,,-ban ;'objd.. opt,atlng Uhdor "op-a"d-g<> <ouditioUl!.

Some y"'" perhap' Ie" tllin a doc'<lo if ftlnlling i; 'doqu.te, of pro­
gr",ive engineering workwill be ,oqoired ..,fore the ECE i"eady It, gene,a!·
application tnd acreptonce. Ol>vk,,,, aro", fn:t imi'rovemeut.l[[' fu,l ,00n0111Y,
operating ·!Oij.bilit)', sy,tem la)'o~i, "~mbudo, teclmnJogy, ."torn"ic CO"_
trol' au~.irnp:rov'd tra"',"ia<ion~ Winterizing roomie "earn pnwerplaht, ia
""other jmJlll"""t consideration.

FUel eoo......,_..High f""l oon"""p~oOl jll the "eam bu"" I"" b,e"
identified" ihe ht'ge". ob,tllcle to tllo pOlen",1 """ptonre of the .. :l!tern.m
,~.\eJl". Such ooncern go" boj'Qnd the w.nomico of fleet ope-"tlo,"" ,in",
fuel cort, .,e oll1y ,bout thrOOl perc"'t of the totlll co,,, of op"alltlg bus
'Y'tem<. An additinrtal ronsldorMion;, ... i"'l"'"di"& national '''''.-g:,- crl,...
Olhe, importllllt ,,",on,tu impruv< fuel O""OO'llY .re "" fOllow"

I. The ilieady lnw tOtal <ml'Mon' of rhe Eel' would be red~,,"d .,""
further.

2. %,te hea,·,ol"",ed into the ou,lromneut would be reduced_
3. BoJileri••nd COfi(leO",,, wonld become >malle, and 11gh,,,,.



4., Conden"" taIl, pow,." requir,mOIlt, >Iso would dec",..." incr,,,,ing
,ystem ,mel,noy .nd ,redHcillg noise,

lmptovom<nl> in fud consumption c.n!J'e made in a nnn'!J'er ~r sep,,.,te

",0"'"-' full~w"
I. O"io irnpmw'rnon', can be, mado by inc''''''ing tempetatme> of ''''am

or ad"" W<I,t,og nuids. V.lo" of ideal Rankine 0'cle.efficien0' """ he ,rol>led
from the ,present 25% to .bout .30% in tbeahortte,m ofiwo Ye"..nd ((I -U
to 3S% '" mote'.vtl\tnally,

<. 11>0 j",,,on1 thermal ,melen,"" ore as low., 40% of tho ideal cycle
,ffic;,""O)'. Sixiy !"'fcem of 'he hl••1,rti,i,n,y may be arlalnabl, in the sh"rt
term and pooribly 70% ''',ut""lly. M:Jjo, gains CBIl b, ,n,de hy redu,",,~

l""""iticauxiH.,-y IbM' .nd by inC!ea~ng expamooo ,ni<;i"",it>, On. cxarnple
for auxili.ry ;~.d ",duction i, imprm',mBll' in,oondon",! f,rtS, whim co'n­
,iune 30 hoi",puwCI in presem 'y",m, bnt 'ol~d be reduced to 10 Of lS
horoof>Owor'with 100" 'effiele", f.m.

3. The pre",nt methOd of SU'I.lnill,! the, whole ""m p""""pl'''1 ,t idle
i, w,'td"l, The use of a ,mall .uxili:uy eXl""de! for '"o.lii,ill. load, ",-,",d
r<due' idle fuel ""n,umptkm by two_third,

4. H<avy pnwi-i- 10,"" iuourred .;ith 'rallSrJlisrions used 'in this p,ojeq,
b,cau,e,oYllila1)1< ,mi" "'<Ie poorly m.uchod to expaIld.r cltaracteri"ic<, 1.1
thf '"''10 of ,'-"Ip'rocating ,te'm ,ogin'" direet·dri"'OI, at Ie.." el'''';lO.''on
of rhe hl'dnlnlic torque oo""",:er wooid appreci.bly ioe"'''' ;,ehlculiir ~ffi·

c;"n'y.,Tr.nsmi"ion imprm,","""t, also are f>Ossible f<lr Lurbin, 'xl"'nder,.
which woHld 1Il1ow tho,lu,bjno ""op,rale more of lh, timo,-t pea!< <t'ficienO}'.-.

'n" abo.. irnprovemem, would h,ve. major im!"",,' on £",,1 c'omumprion.
At present, di,se! buses .v,"'w' ""ound -3.5 OlPll undor 100,1 ru"~. conditions,
ano tho be.t l-"""mt ,too", bu, abaut I mpg. It ,hould be po'sibl"however,
to ,.;" <he fuel mileage ~f "0"" buse' toabout '2,3 mpgwith two mOle 'yea!'
of developmco, and to 3.3 mPl\ within a d'""M< limo. Eventu,lly, thert'
th,,. wouJd ,be a diffotoo,;"l of un!Y ,L, fl"rcem h'twooo "".m ,nd ,diesel
vehicle..

[ ...;";on~ Although omi";on> demooslr"od in thi, 'progr"" w.,e accept·
ably law, Lboy """i, not optlmi<Od. Further ,eduoiioTI' oon b, obtained' by
,wo "tinn" ~rsl, "duping lite .mount of pollu,..". Il'nornted per j>O!lIld of
fuel burned through cl..,,,r comhu,tion; second, reduoing, io rurn, !ho
amD"Ll' of fuel buin,d por h"'''''power hou, of work produced,

Bur"".' ptoducod, in lliis early demo"'t",ion were d'~gne" .nd b,,;]:
with,,"t th, b,ne", of ",t.""iv, comh'l9ljon 1Csearm. Sine< lb.t tin,,,, a new
body c'f peru"o", r~",,,ch inform.tlon became .vail.bl. through contract,
'00"'''" by Lh, AdVaJlc'd Automotive Powe, Syotom. (AAPS) program 01
'he Environmental Pm'«tk>n Agency. Ono of tltetr contrac!Orn, in >rcady,
,tate burner t""s, demon"'m'~d, on tho bin. of go"",' poIlut.nt pel lilli'
m"", of fuel hurtled, I,,, than on,-fourth the CO;UH.-tenth lh, He ond 0,,0­
thi,-<! the NOx fuund m 'orne'of Ih. be''', ""'m bu, ,mission ie''' roo,.



Figuto 7 portIa}" ihe magnitUde or p:rojeoted future redliction,.
Syol.... loy-" Much' """ tom"'; f,om th... m.tallallons, ,ven though

watk ..'., on tho -basi.,or !",rfonnJog OIl ad·hOc lotIOnt; It. wa, found, fot
eKllIDplc, dlat!be Rankine cycl, system offe" comiderable fle:<ibDity in the
location'of mojot coml"'nOnl' ;n the clt'''ls. WIule the tolal volume oceupiod
by the BeE probalily alway. will be great.. th,n "I'a"" occupled by. l"",onl
diesels, it 'HR' 'hown that _tlng capacity n,od not'beredured. Both ",nlum"
.nd weight will dimini~\With fnt"le development. Sub'l,rrtlal p:rogIo",,,,lp,ody
wao mode in "duclng tho ,01._ si", IlIld weight of .y.tern comp_irt,. The
LolIr ,t,,",, geno",tor, for ."""pIe, oiltl ~oll.er more than twice tho power Of
earlier ])ohle unit. without increased size or,weight'.

Prtoent diesel propul<io": ,ysto"", ",ith lransmlssioo and a""ililltY itoJrul,

weigh 'abo'nt 19 lbO, per ito! hor"'pO"'~" Tho prOst"1 Lear "l'uern woiglu;
• .ppmximlltdy J7 lb., per not hOrsep"wor. TherefOI<. it is ",;iliotidg expect

1Sib.. per riot ho,sepowoi 'woUld be' p"",ibte In lito ""'it term onillO ur 12
Ib~ FOI ha"cpower even wally.

,COOt proje<tiom. Mote engineering mu,t b' done befor, ini,ia! 00"' of
powerplann can be """""'ldy f",,,,,aS!. Future ,t,am systom. win «'Sf "'Ole
ver ponnOl"... di<!Cl', but. they ",ill,", oonsider.bly lighter in wel!!l~,1Jnit

Oost"l",sensitiv, to tho proiluctlon quontilie' in\1(ll.ed. Boc"",o tho urban bu.
""rke! r<lJf"",nta Ie.. thitn S.ooo unit. pe:r yen in lit, fm' ....bl. f"nif",'
obmriionaUly witi, other segmento of tho hoavy-<.hlty engino mlilket mill!rt be
needod to k..-p rom at '''fIOmlble levola.

M.mren..... "<>!t,. E""nn,.l',IO.int""""'" "001' al,;, remain • mot,,,, of
'I"'cul.tio..:'. CO". In ,••",ie, bra\;'.. and tranomlssion. lOay he ",~",ed willt
,toam sy,lom" but ,.ttontion would haYo to b. devoted to ,toam wm=lors
an~ control>.. PIston ,xpandOI ,lItrinlen,noe would be simllar to pr"",n' di.,e1
en!i'"' hloo"" bilt would b. much I"" fur • l~rbine. Main"nan" ""st. for a
dio"I. how,,'''' may rise 'harply if pollution ""n,,.,1 <Ievioe, are added _ltd if
""Iili!otl""'d cheffii,aIlIeatment i, o",d,~ to red""" oxIdea:of nitrogen,
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APPENDIX

TABLE I

COST SHARING IN THE CALlFOR~A STEAM BUS PROJECT

(;,•.of Au;uot .n, 197~)

FOde,a1
~~, i<Jeal Total

Pmj"l'l !'s,tj,ip'"" (iJMTA) Contributions' C",t,

Arnheok & Associ.... $'18.3[14 , 60,:1,6 , 5?8,560
L""r Motor; Corptl"lion 649,782 3,473,:105 4,ID,987
St..m Power Sy.terns 553,500 1,957,668 :1,511,168

AC 'h.n.;t 55;36,'· 15,365
S. p, Muni 10,793 10,793
SCRID 35,D39 3,\,lI39

lR&T :15:1,996 252,996
SAC 232,934 232,934
Fiirn Prod""er, KQfD 32,000 3:/JJOO

California Slate -",,,,,,,hly 49,724 _ 4'\724
<':olilo",;, Air R""""ioed..."d -'~~ '1,,000" 2S,OOlJ-
Califorllill H;mw.:¥ P".rol 899·' ".
Olher ProjocfCu,t; 5Sp09 5S,OO?

TOTAL 52,i94,52S $',667_949 S7,962,474

·P,ojec' "'>la,,\mtjQf11 "ill oum;ndi,,~ lor September 1972
"Thmus"- July 31, 1972

!



"A,lllBU

STEA,;Il POWERPLA.NT SrEUFICATiONS

BROBECK U,. =
bxp"ndor type fl,<ciProo.ling Tnrbine ReciprllOllliog

M",,: ,xpilndor &fOIlS blrp '" ,.- :lt5
("rake Ho"el"'\\Ier)

M". "U"il1o'Y looo;hp '" '" '"
Rated net ,ystom bhp 200 isO ,25

Max.•xpand'rrpm 2,100 65,000 J ,g~O

Max. ,team mto, Ib/hr 2,500 2,340 J,WO'

Max. fu,l rato, gallhT '" 00 ,,'
!l<,ile, bea<j"g '"' r""" ft' 180.2 m 356t

Combu:;l;ull inl<:n>ily, 0.5 x 106 1.25x106 l.1.x J06

BTIJ1h' [:3

Cond""er iron"ll1Ica, " 34.5 19.4 32.1

Steam c~ndjtjon" psii'll' 1 ,UUUigSU 1,OOUj! ,0!Xi 1,000.17.10.'
(ProS5nr<.'Torn p' mt" re)

I .lI.-'" b,fc, Ibl"el bhrhL O.9~.\ 1.13 ".
(Brak< Sp'ctfk Fu<
Cortsum!"ion)

Appro-x. 'weigh", Ibd:

Boil" wit~ ~urn" "" "" ""hJ""ldeT 96.1 llU' 1,25U.

(ooderu'" with ram "" "" ,""
T"'"'m;"i"" '" '"" W"
.o\uxill,rie's '" 3')2 W,
Other 1,026 ,~ ""1",,1 'l""em dry wejgh, 4,777 J,J02 1,700

Noto"
a. D,rated for install,tlon lli be,",'.
b. lnd"d" ,,~e,", ""Hon.
<. Steam I""V€>. th, "h'.lor at 240 p~.L and 6.>0 to 7So"F.
d. A comp'''h1e O·g,];nder di.",1 .power 'l',tem, incliJdin.ll han"ni";o",

"'dial'" ""d ,u>;i~ari.',.w<ighs apprQXirn>.tely 3800 pound',
0. With ~,,,box.
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fA8Ll:IV

EXHAUST £MISSIONSOF STEAM ANI) DIESEL 8USES

(gran". per oJigin<,.brakehOIsel"'wet hour)
co IlCN02 HC ~ N02

" U J.2 2.4
,.0 "' 0.; U
7H U

" ";., 0.' , .0 ,..
'" ,. U ;.,

'" 0.• ..,
"''.0 0.' U '"Ave"'le Steam

Sloam B""""
Bmbeck (1..( 10-7J)
Bml>eck (5.72)
Leai (9-72)0
Le", (9-72)00
SPS(5-72)
SPS (8.'72)

Diesel flu,e"

AC ~o. 678 (GM 6V.71)
Sf,>, No:-4Cl8 (GM 6V-71)
MUNI No. 3141 (GM 8V-7J)
SCRm No. 7185 (CUM. 903)

Avemgo Di.",l

,. ,. '.0,. U 13.9,. 0.' 8.4
B 0.; I(U.,

" lOA

Jl.5
J5.4..;
10.7

,u

Cahoon,", H~."l'DUty Sta1tdard>:
197J 40.
19i5 25

Not.. :
• Th...· emi>Si<>ns'w", collliid....d of!lClaf I,>! ",,,,Il< fo' thO!: cOmplete

·,ml.,iollS t"t witboot any luning adjU&tmen".
•• The ",c"~d L<", Molot' te.t waS • C()JIlpC'<ito .of the best result> from

both. toOl', ..ith an Itnp,,,,ed but not optinlize.d idIc "'Iting b,lwe,n
lest>.

L All '"'' _e ".rfOIInod by the California Air Re"'ur= BUllld.
2 Die"l ·,e.ulh·.,o from a linlite~ ..mpllng· of welhrudntoined ",blcl..

·.nd tml)' not bo ...pr,sentative or IYPie,l of dlosol enGines in gOlteral
"l"'Iice. No .team 1m. hlU! bnInets or """trol' optimlzed fOJ low emls­,j,," remit,.

3 NO, wa"m...;",~d" nitric o~id. (NO) and .•xp""lIOd OS eqilivIIi.nt
N02•





TABLE \'1 _ r~·r~.IIIOR SOl:'1D LU'ELS OF ST£AM AND DIESH BUSES

(All flgu", are m"imnm "",nd-p",,,uI< Iovel>
U1 dIJ reo Oiloo, microbar, ",\" w,Ig.'\tcd ""[oj

Steam.Bti'" Oi",1 Bu,,,

&ohe,k r~" SP~ "No,67S
GM('V-71

STA
'10.408
CM6V-7i

MUNI
'10.3309
GM8V-71

SCRTJ)
'1o_7IK\
Cum, 903

, FLlll'hrottlo .ccele101;"0,
j",t prior 10 up-shifl

Fron' " 74:j " " " '" 7.1.0
Cen"r "' "' 79 " '" "' "~" " ~ " " "' 875 ", At idle

r",", "' " W " "' M W
Conkr "' " 00 M " 00 "&" 00 " " n M n "

!>Ol",',
;

All mco>ur6ment, W6'~ pe:lormd by CaJifmd" Higl,,,,y p, "01.
'hruphorw pOSL'inm we", ,Ionl: tho c,m"liLle "f the aU" midway I"t"",,, lho 11<'0'
and ce;lmg "f coach, "
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1'ABI.F. VIII - CHARACTERISTiCS OF URBAN AND SUIl{IRIlAN ill'S DRIVING CYCLES*

we' Expre", ~, Lu""I L""ol &p"'''
AC58 ACRF MUNI32 MU~I 55 SCItTD 83 SCJITD ~I).F.

Di,r'fice tested, mi 12.9 29.7 ,. V 9.8 31.6

Ave,'ll' ,]>Oed, mph lO.3 31.2 11,7 " .; 33.0

Slup' pe, mile " OM 4.6 lO.2 .., ••
Percent oftime at idl, J2 , '" " " H

M,x, upgrad" percent 0.' •• .. 19.3 CO ..,
Max. dowJlI!f,do. por",nt 5.3 ;0 tl.1 16.2 4.7 ,.
MO'. hp 10 rear wh..l, ,n 'M '" 'W 166 m
A'll"' hp to tear wh.oI, 24.3 58.7 22.4 42.4 25.9 78,8

Total ''''''f. d.m'ere<!
30,6 55,8 14.2 38.1 29.8 65.7t<> whoel" ",hr

EnecllY di"'ip'l.d by !>rakes
& ret."ling, hp-hr 15.7 H.I 4.1 . 20.9 13.7 ,..
Fu~ mile'ge withdie>cl,mpg 3,58 6:15 3.68 2,28 3,02 '.ID
Fuel mil""ge witb 'loam, mpg Lll 2.05 "' 0.s2 0.'

'o,t. from j,st, w~~ die,,1 o",chc", ox';ept f~r comp.",ti'. '""1m mp~.Engine, w'" .. follow",

"At, GM 6V·71 ; MliNl, GM 8V.71: md SCRTD, Cummins 903 V-8:



tHE FOLLCWJ)(a PAGES ARE DUPLICAi'SJ: OF

ILLU.8TJU.'j'JOKB A.PPEARING ELSEWHERE iN THlS

REPORT. THP;YB}..VE BEEN REPRODUCED H8BE BY

A DIFFERENT METHOD TO PROVID'1i: BETTJUt DETAIL.
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"-'d, p""" I, rep","uc".! 'at. the
"",_k oj the "'Po" bJ' 0 diffo""a
rep"-'<!""""n "'.'hod 10 pm"'1e
k'ter Jc1o>!"

"""'""""

F;gure 3. L,y.,.., of Compon.".. in L•." :llow" Co,~",.tio" n,,,",",,,,_
~D" B..,

·\"~oJ Ih",UaHon of An;'", 'Qd Turh.;,", in Le.. Molo" (m'P"".tiQ" n"",,,",,,ation UU' (J....",)' 1'J72).
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