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illVllrolion AUTHOR'S COllECTION OR AS NOTED 

1 IN htl ''The Case lor the F~nch 
Steam Loc:omoltv(''' in Decem· 

her 1966 TRAINS, author R. K. E ... tVl!> 

stated, ", .. The fact ,'emains unques­
tioned that nowhere in the world W3$ 

the art of Sl~ locomotivt' design 
developed as far and 1.$ clOSt' to per_ 
ft.oction as In France," 

I question the claim put forth by 
Mr. Evans, because It 111 not supported 
by data and performance records 
gother(X{ during !.he high Iide of 
American locomolh,c design 

Comparing locomollYcs used In dif­
ferent countries and under different 
conditIOns is not always easy. Therl!'­
fore, to aVOid any possibility of unfair_ 
ness, 1 will try to expiQre carefully the 
factors which controlled the desiJm or 
method of operation of stcam l0<:0mo­
liVes in the two countr;e.'l. 

Since Pcnnsyl ... anla'~ Tl 4-4-4-4 was 
singled out for criticism on page 30 of 
Mr. Evans' article (the power oulput 
figures quoted are Incorrect, Inciden­
tally), I have Sl.'lected this pal1lculal' 
class of engine, along With Pennsy's 
rebuiJt K4s 4-6-2 No, 5399, and Santa 
Fe', 4-8-4 2900 clus built new and the 
road's 4-8-4 No, 3752 as rebuilt, to 
illustrate the position of locomoti~'e 
engineering In the United Stales near 
Lhe end of the stcam era. 

Using thcse examplcs for compari­
son is quite suitable. The two ncw 
locomotivH. PRR's Tl and Santa Fe', 
2900 class ..... "ere of the same tracbve 
effort and were roughl)' in the same 
horsepower ca~gory. yct one repre­
sents the divided_drive plannml and 
the other the concept of stTaight cou­
pling of eight drive wheels lhrough 
tandem rods. The two rebuilt locomo­
liVes, PRR No, 5399 and Santa Fc No. 
3;52, dearly illustrate tlun the French 
had no eXclusive talent in the Improv­
ing of old locomotives. And finally, I 
knew these four engines well, 

SoME of the elcmenu which mold 
the arrangement Rnd constl'uctJon of 
locomotlvcs for difIerMt parts of the 
world art": 

(I) Natur("- the t.errain to be 
crossed. the dlstanc(!S to be run, thc 
rigors of dimate, and lhc quantity and 
quality of fuel and water available. 

(2:) The demands of the Traffic De­
partment for s~ and tonnages of 

trains to be bandied - In America 
th~ arc !ugh and harsh. 

(3) MllK:ellancous conditIons - thc 
labol' market, the workIng clearances 
(loading gau,ge), the maIntenance 
praclLcH, and the 1~'omoIlH: availa­
bility and utilization required. 

MI'. Evans in his arucle Jit>okl> of 
compounding and mamtenance, draw­
bu horsepow(>r, fuel et.'(lnomy, valve 
gears. improved (ront ends, enlarged 
tteam and exhaust pa...sages, riding 
qualities and speed, and bOIler blow_ 
down practIces All of these will be 
conSidered - In thc IIsht of the factono 
pre\'lously mcntloned and With dlrcct 
,cfcl'1:nce to the four Amencan loco­
motIVes mentioned - with the l'xcep_ 
bon of compounding. Multiple expan_ 
.!lion will 1>0: touched upon only bl'leny, 
since (lxcept (01' Mallet pwhel'l> and 
the Delaware & Hudson eXp(':l'imen_ 
tals, compounds hu\'c h«-n obsolcte Ul 

America for many years. 
Compounding In the U. S. can be 

bcit exprflSK'<! by aayillS thlll it was 
the most important and f.'COnomic link 
for ptodoein~ fuel savings in the peri_ 
od b<>t ..... een the. sinale-expanslon r;atu­
rated steam locomotive or 1880 and the 
supt'rheatl'r locomotive of. SAy. 1910 
Norfolk" Western and Chesapeake" 
Ohio Mallets used ill the slow-speed 
coal traffic W('I"e modest excepUons to 
the general practice, 

The Santa Fe Rath .. ·.y had extcnsl"'C 
experience with neal'ly all forms of 
compounds. Including the cross-com­
pound, t.ondem, Mallet, Vauclain, and 
the (our_cylinder balancl'd types. The 
end came when the compounds could 
no longer meet the t.l'luJic demands 01' 

justify Ih(l hll,lh malntcmlnce costs, 
It ill t1'UC, as Mr. Evans pointed out, 

that th(> French h;l\'e diligently de­
"eloped the three- and four_c),hndel' 
compound" Many of these locolllo_ 
tlves., as he not~, were tlJ'ranged with 
~pa.rate reach rods and rc~rse m~h­
ani!tlllS for the rugh_prcssw'c find thc 
10w-prcuul'e engines to permit the 
driver to adjust the cutoff on each en­
gine Independently o( the othel' for 
optimum pc.l'folm:l.nee, It should be 
repeated that the French enJ(illcman 
from the lurn of the eentUl'y to the 
1930's was highly trained after serving 
II thorough shop apprenticeship before 
going out on the road, This technical 

background r($ultcd In fine, ('COnomi-
1::al handhna; of compound engines, 

Many of the later (our-cylindcI' en_ 
gines have the two r(l8ch I'ods cvn­
ncctcd or 11ll1ned togcther to avoid 
ImpI'opcr dIvision of the work by the 
englneman b<>tween the hil1;h- and 
lov.·-plcssul·c syste.ns, This suggeslS 
that the labol market may be chonging 
Il\ France and that less refined loco­
mouve dnving is taking place, And It 
means that some of the original ('C;'01l-

01111(-'$ ar1! not beint, obtained. To se­
cure an acceptable stanchrd of per­
fOlmance WIth any drivel, and to 
reduce excCMlve maintenance costs on 
the madunery, the ml!.::hanlcal officer 
selects the best point to cvlnbine the 
work of both S4!'ts by sacrificing some 
of thl! perrormance withhl the power 
rangcs. 

Some of the European compounds 
spl'-nt eoMiderablc time in the shed (or 
work after I'elati\'ely short tdps. This 
s!tuUliOn would not be 10lcI'ated In 

the United States In view of the wage 
~81es paid IUld the capJt81 tied up, 

One rCll.!K)n the French might be 
mO\'lng IowaI'd OUI' methods as their 
COSts inc .. ellSe Is the fact thnt the 
American-built .inglc-cxpansion 
Class 141R's, which " thrive on hard 
wOl'k and poor fucl ," afe slill In serv­
Ice in quantit)·, whel'(!a.s the equivalent 
01' more complicated French dasscs 
arc largely stored 01' retired, 

A~D ~ow on to the Ott\(!I' muttel'S to 
be d iSc l.IlI.!Ied.. 

DRAW BAR HORSEPOWER 

Flr6l of a ll , It is timc to Il('t right the 
record on the drawba .. hOrscpowcr 
output of a TL The g.-aph t)" page 2-1 
shows a cUlve prepaJ'ed fl'Om the Al_ 
toona Test Plant data showing thl! 
high drawbar horscpowt!l'S thi:4 duplcx 
would produce, It Is plain that the 
Tl's drawbar hOl'lK:power or 6000 at 
the .speed of 62 mph greatly exc~t'd 
thc 4000-d"awbal'-hol'5epower capac­
Ity quoti!d by r.-tr, Evans, FI'1!nch 4-8-4 
No. 242 A 1 developed a maximum of 
4200 h.p, (nOI 5000, as stated by MJ', 
Evans) 1\1 5G mph while rwming Oil a 
srade of L1 i.n 1000, 8tto"dmg to a 
reporl furnished by Andre Chapc­
Ion and published In 19018. The report 
dO\.~ not state whether this Is indi-
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"O~E-"nllln ... OI • .,_",an~ tonrf'pl "r """,NlII"n In U. S, • .:,~ 10. I I ~ 1 ... lII t hl ... h!:" Ihh . 1,11' 
0 / • hhrh·mllt")(t-lJ<ttwMn_shoppln!:-s AT&Sf four_tyUndC'r b .. h."n,'d !:Ulnp.!un,j ...... " ,a<l ... 

DHAW8AR 1I0HSt:POWER !:un .. for Pc" " ,y's dupl"",-drh'c TI -('I_» I -~-~'" o,hM'.-, .. 

" " I"tulll hIp of ('u r" t O,'U Iht wid .. "'''I:t of spud II i whlrh hll: h hO' K PU"H p~""IIC'd. 

PES~.s\" "'i ~ \" Rnai ",odifitd (II"" 
" ,111 rtolll_ .. 1II1 IlIr(>IIIC'. imprll,'C'd oI r .. fthl jl. 

a"d ,\ S \\' ~11 1!<' rhl';lIH "nits ~1 1'"lb " II Iht 
AIIOI"'" TO',I rl ;,,11 in "", S",:. II JI;pt.~ til.­

It "d lu/: oUI of \OIok(' ''ox s-am"I('t\ CO: IVn­
I .. n i of Ihe 1 ...... IIIO lh .. 's .. x h:.UM «liSt., 

11I\1. f -"ECT IOS Ihro uth Ml' ok .. h • ." of $<I n _ 
til r (' I",,,pe t-..,.he ~-S-l 3.:>: ,' .. \'e~h )( real 
1""lIl h of , 1;I('k "blain .... b)' 10 " nan ~nd 

VER\' frff _",,,,,,i,,,, Simi .. t 't' 1_8_1",1 prool"rtU IIt .. rI)· WOOO h"lInt",1 hll n.<·p .... n ' .... I ~ lIdln g ~I;lck ,,)(, .. ,, <.1011. Wllh ~:otck U '· 

('Qutd _II,,,1 did_run,)_h COIII,",lIlio" r .. r ~'M hI'. "i.."tl ~ tlut tI( I\ ... ~ nt l uc, "'ans. Itnd .. d . 3a~ " IOCMI 18 rtd Sl~ In~hu hl,;l1 . 
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NY" '"and al the clo$C! of World War 11 I left Lima to jow 
Ihe S;..lIa Fe u Au.lst.anl Engll\~r of Tnt (Locomotive}." 
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Joined lht' Belt Ra.lw4)· of Chicqo in 1953 and hu b«-n 
iii Supermlt'ndenl of Moli\'e Power SIn« 19$4 1 

caled horsepowt'r 01' dl'Qwbar horse­
power. but from the sIZe of the engine, 
It Ilppeal'f, to 00 indicatCKl hOl'sepower. 
In fact , PRR 4-6-2 No. 5399 came very 
dose 10 equaling Ihe French 4_8_4 
in drawbar horsepower. The maxi­
mum drawhar hOl'sepower from the 
con\'erted K4s was 3934 ; the Indicated 
hOl'$epower reached 426i A,ain, th.is 
was re<:Orded on the Altoona Test 
Plant . 

A much greater firing ral(> and heat 
release was possible with the Pennsy 
TI (with a 92 sq, ft . gl'ate area and a 
firebox healing surface of 499 sq. fL) 
than with SNCF 2-12 A 1 (With a 53.8 
sq, (t . grate area and a fir'1:box heatinl 
surface of 273 sq, fL): and I'emembel', 
heat and work output art' convel'lible. 

The Westmoreland County eoa l 
burned in the two PRR engines pro_ 
duced 13.130 Btu', and 11 per cent ash. 
ThllS is comparable genel'ally to the 
heat content of coal employed at that 
time in FJ-an~e - about 14,000 Btu's 
and 8 per cent uh. 

ECONOMY 

IndicatiolU of maximum eeonomy 
and maximum power do not usually 
coincide on the performance r:ur\'e of 
a locomotive. In some countries fuel 
.upplies are limited or mwt be im­
ported. and the operating choice often 
.lTes5M economy and lower speed In 
handling the train . In America , 
though. power has always been the 
first requirement. since the raHway 
management usual ly regards the loco­
motive as only a traffic machine. All 
of the American engines considered 
hen! w('J'e good re\'enue-earners, In 
addition to high power outputs. ex­
ceUent economies were also 5t'Cul'ed 
with these locomotIves; IUld these per­
fonnnnces eou l d be sustalned over 
long dlstances - another I'equisite ot 

---- -

the Amellcan scene . Steam rates as 
e"oh'ed rrOl1l lcst data al'l~ as foll o ..... s: 

al&T &TI.'" II.Ta 
" I[ II IH D IO.Ta O MOIII . ... OWI Ill Moull 

PRR K'h 4_6_2 5399 ..... . _ •••• . 15.0 lw 
PRR TI 4-4--14 ..... _._ • __ ... IU Ibs 
ATlSF 4·S.-I No. 37S2 •• _ ... .. . . lU 11>$ 
tTl. ..1" . .. ,. , ~, ~~o"·,, ...... ri_ . ,~ , ...... .., 
.... ' ....... " I .... . ... '" ,_ .. "Q ....... '0" ....... _ u..,. 1>Ia<~ bo _ .... "_",ob ""' .. 
" ~I 

Santa Fe No. 3752 produced this low 
rate of steam consumption O\'er an ex­
tremely wide speed range or 2S to 55 
mph. Thll record is probably unsur­
passed M)'where for s uch a spread of 
. "....,. 

The Chapelon Paclfics are reponed 
to have achieved as low as 12,5 pound.~ 
of steam per Indlc::ated horsepower at 
their most ravorable speed, This i5 in. 
deed a fme effiCiency, although it was 
not sustained over long tIme pel'iod. 

VAlVE GEARS 

Without gOing Into the historical as­
pects of valve lears, I would like to 
mention that the Sanla Fe was 1'1 piO_ 
neer in lang-travel. long· steam- Iop 
vah'e gears. In my opinion. the piston 
valve engine with long-lravel Wal­
schaerts gear reached its highest state 
or exeeUent:e in !he AT&SF 2900 dan 
built in 19-13, This locolnotive had 
Wagner b}'p&ss valves aOO\'e the pis_ 
Ion vah'e chamber to ensure proper 
drifting down the long grades on the 
Santa Fc The roUer-ooanng boxes 
were equipped wi!h automatic com­
pensation. This feature, together with 
roller_bearUlg rods and Timken cross­
heads, provided a locomotive with low 
maintenance cost and one which 
moved almost s ilently when steam was 
shut off. 

P ennsylvania T l dass and No, 
5399 were equipped with Franklin 
oscillating-cam poppet valve gears de-

\'eloped In Amenca, Each pau" of ('yl­
indelll had its valvCl'l driven by four 
~ts of Walschoerlil gem' l'unning in­
verted in an olJ-tii:hl casing. The cas­
ing, or gearbox, Wllh the vah'e gear 
WiiS on the front deck of No. 5399. The 
input mo t ion wtlS taken h'om the 
crosshe .. ds, and the two outpUl nrms 
on elthel' side of the gearbox operated 
the admission and exhaust valves in­

dependently, 
AT&SF No. 3752 was fitted with 

FI'iI,nklln 1'Olal'y-cam poppe t valve 
gear. a design by Fl'ankUn Railway 
Supply which was a U, S. licensee of 
the Soc:iite 0' ExplOitation des Proce ­
d~1 Oabeg of Pari., This locomotive 
had the I .. rgest fabricated s llocl cylin_ 
de)'t; evcr buill - 3O-lnch bore x 30-
inch stroke - and the complete weld­
ment weighed over 2G,OOO poWlds, 

ObvioU!lly AMerican engin~'l1 did 
not neglect the study of valve gear 
arrangements at home or abroad. Lo­
comoUve designers were a1 ..... ays In _ 
terested In one another's work, and 
U, S. englncers examined with interest 
wha tc\'er French drllwings And data 
became available to them. I stili re_ 
member the lettering on the f'l'ench 
screw reverse gear frames : MARCH£ 

AVANT and MARCII I: ,,"R Lbe. In the Clt ­

change of ideas, Andre Chapclon came 
to the U. S, in 1938 I.Ind paid a visit to 
01.11' shops to sec ..... hat wc wen! doing 
Wi th valve gears and cylinder •. 

iMPROVED fRONT ENDS 

We had el'cellent smokc b Ol< ar­
rangements in the United States. tor 
it was here at Purdue in 1902 that 
Prof. W. F, M. Gess delennined the 
basiC PI'opol1.ions on his little 4- 4_0, 
and it was in the U. S, that the self. 
eleaning fl'Ont end was developed. Un­
like the F'rench Kykh ap or Lem:u'tn! 
arrangements, the various American 
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~mokcbox and uham.l constrUctions 
W"'II;' oot usually publll."izcd or sold ofT 
the railway comnu>l'clally, 

The cr05S-!U!ction through ,he 
!iO\okebox of Santa Fe No, 3i52 81 the 
10Wl" I ighl 01 pagc 2", !!onowa Ihe Lan­
nmg fl'llnt end with th(' Layden ex­
hlltllol nozzle and some minol feline­
m('nls by the .... 711('1' (rt'moving the 
top /lange from Ih~ u)'clen nonle 
improved II), 

Myoid notebook shows that when Ihe 
4-8-4 was hflndling (J train of 16 CflrS, 

1140 lona, at 80 mph and 18 per cenl 
culofT, Ole back pl"ftSUl'e was only 
3 pounds The olhel' ('ngint:s men_ 
tioned here wel'e also good steamers. 

Louisiana Purchase Exposition at SL 
Loula in 190,,, 

ENLARGED STUM AND 
f)C HAUST PASSAGES 

Extcrah-e wOl'k on stcam and ex_ 
haust Ilas.sages was done at Lima Lo­
comotive Works wing Cull-size plaster 
models of passages and ports to ch<'Ck 
colored smoke 01' dust flow'S, The 
ml'DSUrClllcnt of stCAIll flows in aClual 
locomotivcs was Also III Il"OSI't'S$. Thl' 
photo or Pennsy 53!)!) Con poge 25 shows 
her 85 origmaJ ly con\'erted wllh pop_ 
pel Gear, After shc was placed in 1lit'I' \'­

i~ and tested, the throltle valve (Illd 
SUpedlcll tel' UllllS wl'l'e found to Ix­
"('Sirieling Ihe pOlcnlJal of the boi ler 
TIll' ellgme was further mO(hlied With 

TIlt' disbm,'" (10m th;:> 10WN ~gc on 
Ill" finn' of thl' Imudc ('xtclIJlIOn to th(' 
top or th.,. eXlt'nded sl~ck wa .. 10 r~l 
..j-'. ml:'ll('5; but !Ioince ampl" cle,u-anc.,." 
wl."re I\\'allablc Oil AT&SF, the (';(_ 
tended staek ncl:"dl\ol be 101Veled. ex­
t"<'pl ill engUll'hou.~, a ll Ihc WilY 
from Kansas Clly to Ihe Pacifil' Coasl 

Tncldl'lItally, PRR Tl No, 6110 e\'ap­
orated 105..a75 pounds of water per 
hour on the Altoona plant No, 5399 
evaporated i7,480 pounds of waler­
n~arly 40 IoIU of water con\'cl·ted into 
sll'nm per hOlil', This was a fine per_ 
fon\1<lnc(' from n nHlgl1lficenl bollet' 
o.,glnnlJ~· dt"<lgned III 191<1 T1u! skill_ 
ful stoke. finng of No. 5399 was thc 
work of NOlm~n Suhne. then rOOld 
r(lrellHIIl of ('lIgiIlC', who had h;lnd­
fired Ihl' Pl'nll.'iyh-ullia t'llgtn~ on Ihe 
ollgmal le",t plant cxtublled al the 

1 TO CU':AR UP t:Ol1IC uf 11ll' !lli.~\'OTlC('I)tlon<j SUI· 

ruundlll~ th(' Pl"lTI!>yl\'nnln's "rl''i, i" wdl n$ to 
"];,('1' thll; hu,)tt, d .. ~~ of 10,:on1O'I\'('II: 111 PIOIM.'" 1M.' .... ')<.'.:II\·c 
on ,h.· AIl1l'IIl:;U\ l;ul l'o'ld :;l'CIll'. 11'1 us tlaCl' Ill(' htlck_ 
l:lllulld of till' dl·si~n, 1:M' l folllllllh;C, ShOIlcOllllllK!>, ;lnd 
nWI'I15 "r Ihl':k' '1_1_ 1_ I'!I 

On till' P('nll,yh-;lnl;. RmlrC)ad 11\ Ill<' W30's, ...... 11 I~ all 
tllluuJ.:h IlMmlml' 1)"US<'T1~l'I (I.ll11!'; we~1 or If<lln!>burl:, POl., 
Il'tlUllt-d tWOl K"'$ cll~incl, plus lUlotht'I' help ... ", :It Aitooml, 
10 mamuun th" $Chl'dul('" Wesl of C'l'lillme, 0 " "II nn\lJ(' 
11'11111'" u\'(', 12 ~artl ,-c(lulled ;, doubll'hcadl'l Thu. WdS 

(oslly 111 1('1 III ... of modun,'>!, m .. npowCI :!lId 1\l011\'~" 
About 1!l3G 11.1' p(·IIIl.,,),hnllla IIll'llt'll Ihl' Ihl"l"\' l'x;ulIlu_ 

",,' bllll<.ll'n'. Amelleall. Baldwin, nnd LUlla. to J(llll With 
Ihc PRR MN'hlll1lcal {)(ollnl tlllCIII III dI'Mj!nm,;: fI f:l~t I)ns­
M'Ilj;!el' ('n~lnc 10 1".n,lIc Ih .. !;("VI<:(' Illltl.'l$tJo,ll'd Oul (>1 
W\l'rnl dcslgn" lubmlU('(1 l'umc th... I 6-1_-1·6. th ... Nl'w 
\'01 k \Volld's Fair I'nl;lIlC of 1939 Thl' SI nnllll'dmtcly 
dl'lll0nl>lrah'd hcr ability to b.lul ho;oa\'~' Hlun" -"wiftl)' but 
sill' WiI!\ fOlund to be mOl-dmately UWkWllHI 10 IUl'n .. nd 

$cl\' ic:t" bcc:l\l~l' of he. ji.!re:lt Icn~lh A specl3l w)'c was 
bUill at CI'e~thnc to tUin tlus enQ,lIIe. :'Ind on the CillcQgo 
l'lId of Ihe nm Iht.' B\ullll~lon eOllll<'CIIOIi \\'n$ u.'u'<I 

11)(: t.':Il!)l'lh:-ncc )(olll('d hOI1l Ihl' S 1 mdll:alCiI thai iI 

"omc\\!llI\ mOlt.' COIllPdl,:1 <illllleX UI)lIIlC would be thc 
1(K'0I1101l\'1.' 10 !lOW('I' th ... "!;tloci Al'N ," untl the- bundcr~ 
W('I\' 11..'tlIlMted IOl furlllsh pl'O!>O"al~ (01' such :1'1 en£lIIe, 

Th ... :\1 .. :0 Ploflosal Wd.!i tlw Ill;):;! 1..-o11\';:l1liollal III IIPI>ca,· 
;lnCl.', (Iud BlIld ...... n·!I WIIS next LlIlla ... l wllYI> in Ihl' 
fOl'dlonl, at 01\(' sla~e had lrud Ollt Ih(, dL'Slfl,l1 wllh 80-
~1Ic:h~dlamctCI' dl i\'c wh«l..~ on Ihc front o;onglllt.' "ct (inti 
76.mch-dIilIIlCICI· ..... h('cl~ on th" 1'('''1' set. TIlI!!o onangc_ 
mt'nt h.ld 'wo ndvanW).:<,-": lin.t, thc two) '-'1I&;IIlI.' :;('IS could 
nC\'t.""I.;f:1 11110 tlll('~ oc'Causl' their 11)111'8 \\'ould alwny" be 
dlfTcll'nl. M'<'ond, Ihe l('nll)(lIlei Lmlnl'S ,'Ould Ix; cnlnrj.tcd 
0\'1..'1' Ih(· ~lIlnll"I' wheels to I>lo\'id(' bI,'t!CI' circuilltion Olf 
walel' at thc fircbo" COllo\'\.' lion ami ""Jl h:'\'e IIdeqUMI' 
'1)1 illS!, dJ.!l!iTl~ d('anmc~ TIlI:< schcl1ll' Wa.!i sh<.' I\,I['<I, how_ 
('\'(-'1, In rll\'OI o( O,l(' th'e $II:C on bolh c:ngin\' lIe lS 

Sc\'I'I'aill1ll'l'e"hn~ PIOpll!oOll .. were Illadl' on ,he !>U'(',ll11_ 

• • • Anti the cnse fOt" tile TI 
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enlarged front-end throttle and new 
superheater, and the smokestack and 
noule were angJed forward dlghtly. 

fastest of all, of course, were the TI's. solute corre<:lion of wheel casUngs and 
accurate counterbalancing. 

The hall-section of No. 3752 shows 
the free and sweeping exhawt pas_ 
sages and the steam branch pipe pass_ 
Ing o,'er the cam box. This branch 
pipe contained 10 per cent of the cyl­
inder volume and helped Cnl'iure hIgh 
mean efleetiye pl'cssure on the pistons. 

No. 3752 was the: IMt steam loc<lmo· 
tille tested at O\'er tOO mph on the 
Santa Fe. Shortly after those bright 
spring days m May 1948, the I.C.C. 
edict of Junc 17, 1947, becamc cffec· 
lille. Iimltlna train speed In non·cab­
signal or non_train_slop territory to 
79 mph. 

Modern Sunta f e power was ex­
tremely easy on the track s tructure. 
F'urthennore, the wclght distribution 
on drivers of SantA Fe 4_8_4's was 
hdd close to speeHlcation. The leading 
pair was designed to carry 24.5 per 
cent of the weight, the main drivers 
26.5 per cent, the Intcrmedlate pair 
24,S per cent, and the back drivers 24,S 
)X'r cenL Th~ working weight on driv­
~rs of the 2900 clBS$. which was 295,000 
pounds, distributed "' follows: 

RIDING QUAliTIES AND SPEED 

All of the locomotives described 
rode well. although the lSm&Ucst. 
No. 5399, would bc<:ome a little choppy 
on the "ertical mOl ion as the speed 
approached 100 mph. She could go, 
however - on at h~ast five reeordC<i 
occasions she reached 105 mph, The 

Counterbalancing of steam locomo· 
liVC5 was of " very Wah order on the 
Santa Fe. Cross-balancing of the mam 
and intermediate drive:rs in conjunc­
tion with tandem rods was the prac_ 
tice instituted by Mechanical Engineer 
H Lannmg In 1931 The drive wheels 
had thl'ee balances-a primary. an 
3uxllian', and a wheel cheek balance: 
block, This :U'range!1lent ensured ab_ 

I..ocad Prur 
Mlu\ 
Inlormooulhl .". 

DuJ"ned A~I .. a l 
72,21~ Ibs.. 73,000 Ibs.. 
7!.175Ibs, 77,600 Ibs. 
72,2751bs 72.000 1bJ. 
72,2151bs 72,400 Ills, 

lin mg. One of these en"isaged transparent plastic smoke 
lifters on each side of the smokebox. A hU'Ile-slze illumi­
nated engine numbel' was obtained by projecting hght 
rays on the clear plastic, Ultiln:ltcly, the dynamiC chisel. 
lIhAl>e<I nose stl'e-amllning by Mr, Loewy was acloptoo, 

The power requirements of the PennsylVAnia were such 
that these locomohv('S must handle the r.ame pa.OUCnlter 
lIoins out of Harl'lllburg wot that the 001 decU'ic:. 
brought In from the ellSt. The specifications req\lIrcd that 
the duplex be able to n10\'e a lI'ailm~ load of 880 tons at 
100 mph on h~\'elll'ack The ne'" steam 101.:omouves wcre 
mtended to go throuah to Chicago, 113 miles. With only 
olle stop (or cool en l'OUtC. The ash pOll:' wel'c liS lal'gc till 
possible, and the coal capacity of the tende:r was bl'Ought 
to U tons by sacrificing watel' capaCity, Water CtJuld be 
replenished from the tl'8ck panl'i. Alter mMy enginccring 
conferences an order [01' two Ill'Ototype locomotives WM 
placed with Bttldwin In July 19~0. with the vnh'e gear and 
cylmder dClIla:n coming from Lima 

I recall that on Sunday. D~mber 7. 19H. at FrankJin 
Railway Suppl)' we were bench-Icsti:,/;; the vah'e (lear for 
the fiMSt engine. In Apdl 1942 No. G110, in hel ~'eUow 
chromate primer, backed out of the erectmR shop onto 
tho! te:.l track along the Chester Pike. Steaming boack and 
fonh. she was a fine ,iahL not easily (OI'I0uen. Th" fol­
lowing month No. 6111 was completed and the two wert' 
deadheaded to Hal'flsburg where, because of their futurls_ 
lic appearance. Ihe)' were promptly dubbed Buck Rog. 
en" and " flash OOI'<lon" by local f01CU 

Nos, 6110 and 6111 were t)laced in the J)<IS.'lCn,,,r pool 
and immC<iillteJy started turning In some 5pecta<:ular pel'­
fOI'1l,ances. The 6110', first through lrip west was Wllh 
II cars wf!lahlng 1000 tons, and the en(l.lne bettered the 
sch<.'<iule by 20 minuh.'S betwe<.on Crestline anu Fort 
Wayne in a dist.ance of only 132 miles. II Is a matter of 
record thot 6lJ 1 with 16 (!a)'S averaged 102 mph O\'cr 69 
miles on the FOl't Wayne 01vi510n. 

The: TI's were probably the sWlnest I()(.'omohvcs f!ver 
built-they could go like the wind wh"n under way. 
What do you think of a locomoth'e against which a com­
plaint was regis tered that " the sprinJ( ri~Rlng does not 
respond well at 125 mph." I wonder if anyone really knew 
how fllSl the Tl's would go with, say, 14 cars when the 
4_4_4-4'5 were in top condition. Here was a single unIt of 
over 6550 indicated hOr5epower. 

In 194550 additional TI's with somewhat pug no~ lind 
redueed stl'eall'linlng " 'ere placed in !Ien·ice. Altoona 
works constrUCted 25 and Baldwin built 25. 

Why, then. did such a promiSing locomotivc havc such 

c., .. ....., .. ",t. %r 

a short life and smoll s tanding in motive power hilltory'l' 
nlC tWO prototypes were Intl'oducoo In 0 wartime period 
:md "'el'e followed by 50 Itlorc umts which could rcc:ci\'e 
bul little refinement before be,", pr~ into sel'vi~ aud 
into eOnllletitlon with the more efficient dlesel·clC'Co·ics 
already m opt'ratlon and pl'oven on the Pcnnsy 

The Tl's wel'e baslcaily 3 sound desllV! but they were 
lOaddled wltll a few troubl('sonle factol'$ which detrtlcled 
trom theil' allailobllity and added 10 mai lltennllCc eosl.'l~ 

1. The SlI'atc area of 92 sq, ft. was a subslantial reduction 
(rom the 132 sq, fl, of thc 51 The Tl's should have had 
about 108 sq. ft. to I'educe the firing lote, The same boilel'­
ronning dlcl'O could hu\'c been uSl'<.i and the firebox and 
frame cradle merely Icngth .. nt.-.d 

2. Poppet valve gear ..... as a must for these high per­
fOlmanee engino.'s; however, the vl,llIe gear !"hould have 
been of the rOIOI'y _enm type as \'ceommended by the me· 
ch.mical wgineel's. This would have been very accessible 
hom tbe out..'ide; and ""'lth the sm:lll cylinder volumC!:' 
In\·ollied. II lnRle-dl.'Ck cam boxes could have been em_ 
ployed WIth oilly one Buake Ilild o)ne exhaust 1II1111C' pel 
cylinder port. Instead. these engmes were equi"ped with 
oscillating-cam gears dnvillfo( double-deck cam boxes With 
(!ight va1"e$ pel' cylinder. The arranttement was qUlle in­
liIeet1l5ible, The front val .... " genr could be cX8JTlined only 
by remOving co\'er's in the bottom of the s.mokebox and 
the top of the gearbox, lind the boek ,'alve geal' by lower­
ing the valve gearbox inlO a shop pit below the engine 
after fll'St rcmo\'ln~ the spring I'Iqlng equalizers, All thlS 
work took time and held the locomotive out of service, 
Much later No. ~ \\'as rebuilt with rotary-carn gear and 
did well working out of St LoUIS. 

3. The spring rigging and Its :.Ibility to distribute weight 
was fauit)'. The real' engine sct tended to be<:ome un_ 
loaded, n~'sulting in excessive sli ppage and difficulty 111 
s tortlng trains. 

4 The turbopump.lYpe boiler h.>cd arrangelllent was 
II!S5 satisfactory than thc wcll.pfOvcn open-type feedwa_ 
tet heater. 

S. The engm~ could be dirty in operation, with the till' 
flow ovcr the streallliining CRUSlng eool dust from a par_ 
tially empty tender to swirl about the back of the cab. 

This is about 1\11 that needed change; hod thes.<: few de­
tails been suitably mo<ilfied in the bcgll\nlng. the follow­
ing 50 Tl's would have been truly greai. engines and 
established the ullutlate In performance. The T l 's were 
caught between the rush of II wartime ~nomy. the die_ 
sels. and the youna:er acnerallon of design and mainte. 
nance men who could see that the future did not lie with 
steam. I. too, joined the diesel rellolution. ~ 
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BOILER 8LOWOOWN PRACTICE 

How rOllunall' wl'n' the FI'cm'h, for 
M,·_ E\'an~ "taICs. ·"The~· '.\O\'n.' ,equlII'(1 
to do 30 sC\.·onlk uf blow1l1~·dow·, 
~\"ery 31 mile1>" 

On Ihe Sunta F ... nil 1~'lbll' W(lil" 
probl('m~ ~('{'m to havc l':l:llSt~d A 
locomotive silined wc~lw;lId oul Qf 
the CllLC.'~O ent:ln('hoJu~e with z..'Ohte 
trealed watel On n fa~1 Ilam ~Ut;h 8!> 
thl' Chu:/, thl~ I~nd<"d to (:ilUS{" pi mllllll, 

tha' did rIot ~clll(' down until Olhout 
Slrl·;,lo,. 111. 89 1Il,le' froll' Chu;,II;o. 
FIUlhcl weslwald, Ihl' waWr uf Dvdjolc 
C,ty, Kilns .. 11'<1:; nOI l'tl1nl>aI,bll, w!th 
thai of the Wllt!'I' ~lallOll .. I L.1/1lal, 
Colo_ Th(' ne:l:t Willl'l at ~ Junia. 
Colo., WIIS Ihc IHu-d('~t of Ihe hal(l. In 
AntOna Ihell' wus no l!)Comoli\'(' wa­
te, al 1111 If Iny r('co l!(oetlOn is COI"lC1.'t, 
about 3 'mllml1 gaJ1on~ of watl."· Wll.~ 
h",uled ,In,ly IAt.o }-h ... ;kbeny. An/_ ~n 
1~2 to loU PPOl"t the Mcam locomol,\',' 
op<'ration aCIOS!! the (I~~('II 

Neady .,11 rhe m'llnlmc I"IOWN wa. .. 
C(jU' IJllecl "".Ih COllt!llUOUli h1owdO'~11 
d('\'It'('s {in nddlllQn, a [('IV of the 
4·6-·1'!> had ;1l1l0malll blowoff CIIUlI)' 
menl 'Ill thl' "llry" Pille gOmg \(0 the 
thloul('). ilnd m ~nl(, Ill~Ii'ct" 10 1)0,·, 
cent of th(' water bc.-tn)l, ('\";Iporaled tn 
thc boiler hnd to be blowli awny 
with l·OW'CqUt'lt t h('111 los., 10 k(,l' l) 

)00 ........ 10. ,.. ....... 

the 1c,·d 01 hodel' water UllPlll!tIC!' 
Wlt/Ull .)l"('('pHlble hmlt.s 

Is I:)~t.i tl8ln.\ 19 and 20, thc Chit/. 
and i anJ 8, the FII$I Mltll II.he laitci 
u:>ually III twO l>~(;hOnlS) w\.'le poweled 
with ~ll-n !ll Thl.'SC Il"IHn.~ wcn~ nor­
mally nm with Ollt' -1-0--1 (a 3-160 
da.s..~) ffom Chicago 10 WI JunIa, 01 

dl~tan(; ... of 9!I2 1ll11es, :\1 La J unia ~ 
1·8·-1 wIth 8O.llleh·dHllllct,,·. wheels 
look 0\·\" fOI Calif 01 nhl (Illd did !lot 
~·01l1~' nfT tilt' II 11m until l~f)S AlIgd~'~ 
"';'l~ I'(':u,:h~-d, 1255 milc!! nway. 

ThIs steam locomolive pet·fol·manee 
,lIld utl\r:wt,on was unexcdll'(l any­
Wh('f{'. 

fo'or mon' Ihan a decadl' Ihe bUIlders 
and the '311'(>1111 hlld be('ll l'al"l"y'ng O\lt 
MJI11c Ilrogl('S" ... \·c desi~lUn~ which wns 
d(':ltln~-d nev,·,' to ,-each fu.lfil1ll1ent bc­
cuu~ tht' J'l· .. d al:l(' wtlS {·om ma 1010 
Its 0\,\,·" 

Thert' w",l"(' cln'idcd d,I\·e:>, In the 
U.S we had then' in \'~dt'ly, l'S~' 
clDnyon til(- drnwill~ bo(IIJ, hUi bOm" 
Ilf th~':IIC w('le bUill, of COIil'S(' 1)(11"­

I,culilily on the' Pt'nnsylv<lnm Aoout 
1940 Baltimore" Ohn> hlld ,)Ianned a 
1_2.2.2.2.4 With mdepcnd('ntly dl'l"­
t'n axll.'!!. but only one "r the Indc. 
pt:'l1dcnl I!ngmc UIHI$ fOI a sUlgle a:l:l .. 
W>4$ ma(l(> lind telllC(i 

rRo r oseo ('1111 ,,«;1«1 dllp lu:· doi\'t~ ""~ a l", .. d al pro,·idhll " bt-\ Ier lun, I"1 "'0, .. ,,, .... 1 
tor _ fo ur ... ,.II" d .. r .. nI l .. ... This " ·'15 u .... ... r many id .... $ pondu", I" the 1 .. "' Iil hl of . team, 
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At Limn n .J.(.i.G passengt'i locoono· 
1I,·e was de!llgnro lOr a M idwestern 
1lllll"ooti. II WD$ to have an enormous 
h.-eoox and would bum coal slowly 
(somewhat akm to stal,onary power 
pl .. I" pI3clle('). with '·C1iuh ant Cud 
l,.'<:onOIl\l(>$. 

On Ihe Santa Fe one of the Ia:.t pn)J­
«I:; fo,' Ihe steam 100,:omoth'(! WM 
dYII:Jmic brakmg. By an ImlllO\'emcnt 
of the LeChatelier prmciple of tnlro­
ducllllol" Wl'! Sleam into Ihe eyllndel'S, 
It would I)c j)();o.,'!ilble fOI ft heln')' lIai" 
(ll'1Cccnding II mount.am gl'lIdc to be 
held With lhe e)'hndCI'lS. The heat uf 
bl ilking (energy desl,oyed by l'Oll\· 

jlll'SoSIOn in thl.' cylinders) would he 
taken up by Ih(' wet .!>Icam. What a 
~l.-ange and l'OlIlpc llmg !light II ..... ould 
ho\'1.' bet.'11 to ~ee I-:,'Cal billows of 
!\kntn e:l:h:nl..~tlllg from a 1)llle ix!hllld 
tht' I>mokt-:'\{lck while 11\(' engine hdd 
hel' tram III dH."t'k dO\\11 CajOn or 
GloliCtIi. 

'nl ... npplu.'al,on ol the facto,~ which 
conli"(1! 1000omoth'e desi(,:n I.!> V~'IY dlf· 
lerellt In F'l"illlCl' lind 10 the U_ S . but 1 
thank Mr Evan.< (01" n'\,I\mt:. thout.:ht!l 
o( the past with Iteam, Onec ilRain I 
wa.'1 a young d(,~I.:n"l wllh the 5399 
on .1 fast IUght train, ufltmH."s weal·Y. 
amI lSometlmes ml'SIl\C"izcd by the 
monkcy wrench (thc only 1001 hu'_ 
IUshcd an ellgine by th .... PR R ) swillJ.;­
IIlg b.ack aud lorth (rom Il stud on thl' 
ooller head Or I wa.~ With lh .. 
3i5Z She W"$ a splendid starH.'r, and 
I can still reel the stretchmg of the 
draft ",cal'S of Il hCllvy ll'ain. the mo_ 
mentary hesltatloll when nil the s lllck 
was takcn up; and thcn t/le firm mo_ 
lion forward, With the C:l:hausts ,"-orn­
ing ~h.tlrp and sqUIlI'C, as 120 CIU'~ of 
merchandlsc advanced towttrd Wei. 
ling lon, 

No, F l'ance d id not dcvelop the 
lte&rn locomOI.h'e furthcr and ciOS('r 
to perl~lion than anyonc eI:se. The 
American lOCOmotive ..... 'tIlJ Se«Ind to 
no ne. ~ 

-


