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THE PENNSYLVANIA RAZLROAD 

LOCCJmIVE. MAINTENANCE INSTRUCTION NO. L-65 

Issued Philadelphia, Pa. 
: August l, 1951. 
' ( 

INSTRUCTIOHS FOR STORING SUPERHEATER i\ND THROTrLE EQUIP.JENT 

- - -
(:\',;;;,! ,· ' ,·. ·. 

'}\!:;,.It has developed .. :that ·some of our Class Tl locomotives that were in 
stab1ge-did not have·th'e'''throttle valves and camshafts .protected against 
.':p:r;J:"9.sion.. In ord4'r':;t~~;ffe~~nt damage from this cause,. the following 

--- truct.iona sh&ll.be;..obaeeyed .when _storing Tl, Ql, and Q2:,locomotives; 
;,~~r.t:~:!{;.~:;• __ •.. ,~·::::,-:;;T;!;:1 :'~~?~t~1,!f1:~_-~r;:· . - · •·• ::·<:~,<"::;, 9_,;_: .--·. -

SUPERHEA TER: ·· . 
hfter boiler has been blown down, it should be washed, drained and 

filled while hot with air at 125 to 150 lbs. pressure. With inspection 
plugs in steam chest removed, cylinder cocks open and engine blocked,. 
pull throttle wide open quickly. Throttle should be opened several 

. times_ until no water comes out of inspection holes and cylinder cocks. 

THROTl'LE: 
(a) - Remove outboard bearing, valves and shaft .. 
(b) - Coat outboard bearing with grease and wrap in cloth. 
(c) .... Coat valve seats and balancing piston guides with oil and 
- replace valve covers.. Close throttle shaft- hole with wooden 

plug. - -~ 

(d) - Coat shaft- and valves with oil and store with bearing in 
place proteeted from the elements. 

H .. -T. COVER • 

.. ASST •.. VICE PRESIDER'l'-OPERATION 
AND CHIEF OF UOTIVE Pcm:ER. 
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~~· ! ..... ,.• ..... .,...t'al.17 now •·T-.'• "PU"'· clM..t hT.29, 191~. ~.A";~ 
" : .t • fteltM leocanlft lal'9H ._ U.. I.lee 1111111. na:K•ing the 8l"N4 o'bJMS.. .i. •., '·• 

· -.,_. • .,tlllleP loeOIDIU~, 1llrft ~ oth91' meen• ot aooompliehiJlg tne •-
~ · ~-.. b •JeoUtna to a, ~UMer locoaottft·&rea r·· . . ._, Craq w .. , 
~;., f&lft JaOtiOJl complioailcme; 
I. 

ste .. ~·as- cC111plioationa1 
Infel'ior ..-eb«r an4 d.nft ce41t1or.s; 
Inc reue of ma.ohlnel7 • 

fte 811&1J•h ot th1• 91.!'bjeot thon tha'\ a t'tre>-c711Dd.er looOllOUTe c:.&L be ;"' 
01111.uMl •• gift all the ad.Yanta.gea 11114 uae ot the 41a•dY•t.c'M ot the proJ)4tn4 :· . t *i'i:l"l'Mllilh'.r' l'OCoC!OUTe, ar.d '?Jill f"un1sh a greatll' 'QD1toftld,t7 of to.r1U• aft.el' · -

" tJJ4t' tirst revolution. 
'· , "'-' pl'Oblea preeentl~J 1 tsclf for consideration is to pl"OT148 a ~-:..()-8 type -: ~_r 
'i-' ·· •)MQllOUft oapabl• ot t'tlnl.111h1ng 25 peroent. more power th.an the l.l.a lOO-.OU"f•"*· 
~·.~ . ·-~bag au. •t spMd1 1Ji> to twent1 llilee per hour, ffrt' U. 04 tr..e Lot Grede .i.~'-· ·. 

~·· ;, ~ behttan Harrhbar'l' and Ph1la.delph1a. On this D1•1s1oo the l"Qling'"~ 1• :·~:~ ,. 
:1; '.· ••S!C• a&l \he loeomotl?e :power requil"91118Dts &r8 'QOre unlfora th.au or. otl:Ml!r Divhl . 
·: . a 1Ua1 oCIDdition tor a oom:po~ fr•ieht loco",otive. ~he propou4 loooMt1Te . · 
'.~;~ ,.aa-.'14. ,.._ u •~le ~d eoouom.io&J. aa ponie>1e. ".· 
~~~ ., '. .. '. 1'a 1lh9 IB&lya1a of the abon prob lea, th.e !m.u--oylindar oc1111pcnad l90090Utt ·.~~ 
r ~. ._. 9''8'Ute4 a aeooimt o! incHaae of mohineey csnaed by Ula UM o.f tn:r " 
":\~ · ·JS~ -4 •companying maltipl1oaUOll o! other parts; abo, 'Mo&1UI• ot eutti•CJ' 
t ·· ,,dr ,._at half-1troke in full .;Mr in si.?!Jl:lh e;1l1Xld.&r1, the econom:1 results -~-
~ .,.. 'itrtUiftlent to a comp<>\.Uld lo.;omoUve with a. 2 to 1 ratio of cyl1nd.e". · :;· 

Comparative theoretical oaloulailons were t:lf\.de of the class Lls \2-8...2}, 
\be three-cyl ind.er type ( 2-10-.2.A.) 1 and tblr two cyl11!dttr type ( :-10-2.e l , Oil the 
t'oll°"ing basis1 

'fype, - - - - - - - - - - - -
NU!ll:>er of Cylinders. • • • • 
Sl~e ot oyllndera, 1~chas, •• 
Boiler preseu.re. Lqs.per Sq.Inch 
Diameter of drivers. inches, • 
Cut-Off, tull t-ear, ••••• 
Boiler hoat:lJ.lg surface, Sq.teat 
Weip.t on drtvere, pounds, •• 
Ave;. Peight, hglne and 'Pender, 
'Nater, per hOtU', • • • • • • • 

2 
27 x 30 

205 
62 

.88 
4800 

;:40000 
·~0000 

55000 

2-16-U 
3 

2.7 :c 32 
205 

62 
.50 

5400 
300000 
500000 

56000 

i?-10-23 

3.J x 32 
z.e;o 

62 
.50 

5400 
300000 
500000 

55000 

~OOlllOtiY• 2-10-2B llllet be equipped wl th start in~:-vdn. 
Bote - on aaoout of short cut-off ln full t,"e&r. 

From this t&bul"ien 1t wUl be noted that, alt.!4oi2gh the 2-10-2 looomot1 . 
a1"8 cred.lted with l2-l/1$ greater besting surf'aae. the compa.rtaao ie balecl an~-
flat .::ate of 56000 pO'Uilde of water per hour. Thie 1 • done t'ol' the purpoM ~- ··, 

• ,..!, 

~·""" 
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~- . 

olee;rl.y 8ftti!lg fortb fe&'tvea Of eccmoa;,. J.t fifteea m.1199 _.P9t' hoV ai\cl 
higber speeci.. the 2-l0-2 1ooomt11'8e oan t'urnieh at leaat 10'; mon powv 
tban r1su:ree and diagrams lDd.tcate. Sheete 1 to 12 inclusive show the 
followi!ll~: 

Full 8'981' starting and 1nd1 oat or cards; 
Coneep0Ddi11g 03l111der traot1•• pOW$r dJ.agrame; 
Cylin.481' tnou-.... pow$!"' and dn:na.r !>Ull; 
ID41cated honapower 81114 drawba.r horeepowor: 
Water conSU111ption per blltf oated horeep~18r; 
Wntel:' eTapor&"4· pel" potJn4. ·p1' .::oal; 
Coal bu.rnecl pa indicated hol"Sepower; and, 
Coal bur.ne4 pw drawbar hoNepower. 

Corresponding tal>ulaUona are given on sheets numbers l~ and 14. 
All of the reeulte ehOlftl, including thoee for the 2~-~ locomotive. are 

thooretical. for ree.sona ot' eanpartSOD. · 
At slow •peed tbe tractive power 19 limited by the oylinclar Yolume and 

maximum point of out-ot~• sad not by the amount of water tn'porated by the 
boiler. i'he c!lrVes sholnt for tractive power and di-aw'la.r pull a.re th.£ m::1.d::m:n. 
For speeds at which the tract1Ye power: 1a limited. by cylinder vol'l.L'?:e and maxi.on 
eut oft, £1% shoilld be deducted for average valuee. 

'&e results illustr~ted by the d1agraz:u1 e.nd ta.ou.la.tior.~ of the 2-10-:..:..i. arul · 
2-10-~11 .. _ 8h~ -

1 - That the r~tlo of maximum to ll!nimura torqlJ.e 13 th~ s'lme :or t~e 
two-cylinder and threo-cyllnd.ar loco:iiotives. 

2 - The vari<J.tion o! torau.e Js more o.:radu.sl in the t·.oro-cyl1nder locomottv~ .. 
3 - A st a.rt 1ng-valn and -sli.gntly. lart.,-er cyl1nder3 a.pr lied to tho3 tnr"ao­

cylinder locomotive will ~e that locomotive equ'.11 t:o tilP t--.:0-,:~~1 l~:d'3r 
locomot!Te i:: QXlinderr tr.o.otiva and. drawbar rower. 

4 - At speed.a lJ.P to eleven miles per hour the 2-lo-~·B lo~ornotiYe will 
deliver at least 2aj, more drswbar pull per unit of ws.tcr than the 
2-8-2 when both locoraotives are 1r0rked to their C:lpacity. 

5 - !he saving of water and coal in favor or the :-10-2.B increases in 
proportion to the amatmt of' W3ter used per mile. 

ti - On account or increo.sed heat lng surface the :::-10-Z3 ,,v~porat.oa more 
water per ~und of ooe.1 for the same am~t of water por ho'\U". 

7 - The Z.-10-zB 'locomotive shows 25~ or more increa.s& o:' d.rawbsr p11ll 
I>"' pound of cool, ror speed4 u;p to 12 miles per hour..; for 35.ooo 
pOUlllliJ or ·water per hotU"; 18 miles p9i- hour. tor 4.5,000 p01Znds of 
water per houri and 25 r:11les per hoUI'• tor 55,uOO pounds ot watar 
per hov. 

'fhe Profile ot t~ Law-Gradc,Phila .. Divlllion, Jh°'·s ~~proximatel.; 38 m1, 
of .J~ grade. '!'hp LE length- or fre1t7it b:lul, including cut-off, is l~Z mll 
of 1f'hich 94 miles averages eli~tly down-grade. The difte~ee in elavati 
between &.ola 8Zl4 J.ttlen 1• elo1ely ~00 feet. The total rlso. duo to 38 
of .'!If, grade 1a aloael7 600 feet. The total available time or run for one 
is 12 boura,. allo.iing 1-1/2 ho111"9 for tormiml dela.yB, 1-1/2 hours :or ro ·~ 
stops, and 1 hoUJ' tor unexpected contin~~nolea, le~ves 8 hours avail~ble 
tirne. 
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~
:""'J~. -·.,"". ~.: ,_:~··~;,· ..-·-t·:r~;.lt· .; ':"~~-:ii·-:-: 

"" '"' ,_,.,...,, ~L" ' ~ * , ""'I: ""'·~- .. ·'* r-...... _~·" ~·!"' ;V•:"'«l". A. " l' . ... ' "r ' ~ • " ~ ; ~ .. 
"f' .. ti; ' . .,. / 

:!<- :... • • ' ~ ' :: ••• : 

~~'\.- · fllil llsMi•JIWid41a••:S •,.., ... la 100 oar• d 16 tou e&Gh, or ?500 ~.: · ,... flit total ..t.!tt•u ~,pa. tNta oa lnel taant le ... · ' : ...... ,.... ... 1• llile• ,.,. boa:P1 . 
l lf,IOO • .. IO' • ' ,., •. 

ss.aoo • • ao • ... · .. 
a. •• ~ ti. n1aan• 1• -

6'1.UO po\11114a: • 11111.e• per~ 
68,509 " • 19 " ft .. '°•200' ,. .. 15 " " .. n.soo " .. zc ... ... " 

!be _,_ clratlar p:aU ot tl'W 2-10-2'.B locc;mothe, ai 10 miles per hour, 1• H.604 P"D4•• TaldJsc 9~ ot W• tw •enp locomothe performance and s~b­butlDa 1506''JIOQD4• ffll' 8ft1'1t,' ef:teot o~ loocmtin ancl tear. lectee- 68,970 pe1D14a w, n.tf'1o1ct to '*• the c1 .. 1gaat4!4 tl"&ill Up a .~grade at 10 miles per hO'm-, at ftioh 9Jettd \hi· coal OOllwmpt10ft 1e 5800 Lbs.per ho1U" for fUll b'O:\l" o-peratica· 
• '!'he •o&l oon1N1PUOll tor the 38 ailea of .~grade is, til8refo!"e. 42.v:) l· ' '.·" 1>4tllll4• Gr:lng & :per1o4 ot !.S hours. ~he. remaillder ot the run 1tf 11 C:l.ve to b<J 
!:.. _...lit 4.a Jaean• cw ...--a-speed. or 23 all•• per ho\U". 
~··\·-' ~ .. -~ · . ni.. ~l~le ....._. .. pull ot u. looomoUw at;' 31> mile• !)er hour iA :H.718 ~-~ ·1il'-~• &\ •,,... OOU'allpticm ot 5&1 000 pounds per b.cn:IJI, aD4 tho locomo~ive h ~ ,~....,..,. ht....,. ~rat. 1• and. o~\ higher d.rawbar pUll.. 'l"ne e.ver:l.t-e tral?t r· .·. -:~-. ..... ,;;,. 30 •11•• pw hollJ' 1• l••• t.naA 30 ,ooo poundd. ·~: .::,'. ·· ,._till• 1~ aippeua that wbM1 ~ the 2-10-2ll locomotive to ruu c~pa.c­~"' .fit&.ti:. TIOO-tOa t:rata ,._be h&u.194 OTer tl'8 94 miles at o. speed of 35 miles per ~-'"' ~ 01' 1a 1•• t~ a lMnlr•. or betweea 1 8ll4 1-1/;..i hoUJ's leas time than re~uired. '-! J.• IM• .,..i \be 7!500 '• train on .08',l &Terage 4.own grade. vrlth an '4llowanc1;. of • ~ 1 JOQD49 po- t• for ourYatve, •ill require a water rate of 55 ,.aoo pounda pa!" r.our ,. ad a ooa.t-l'&te ~ 9600 i.ssper hour. i'hi• would neoesaltate the uae of a stokor. 

·~ 

4t a 'l'eeci ot 23 mlea Pft hoar. makin4f the run ill the a.nll&ble time of 4.2 hqun, the oonHpoiullng-water raie·woald be 26,100 pounds per how-. and the co:il rate woalcl. b• ~ poun4a per hov· '?1» cso.i requiremtata.theretore,would. be 22 ,000 Ll>•.tor 3fJ' 211lff of gra4e and 14 1000 :pcran4• ror 94 mllea.,tbe ~tntng distance, a•ldng a total Of 311 000 pcnm4a- tor 'lwl llbol• run., aa aYel'ag.t of' 450001.ba.per hour, U.CUoatiJqf that ..,. wtt:b baD4 t1rlJC tber• 18 poH11>1Ut7 of better pert0l"ll61'lcct. . • •taker can. _gin no .. re pGWeJ" OD the 39 atle• ot .~ gra4.e than. when t1rtn9 D¥ blllMl, u the •x:I- po111ble spM4 wttll tbe J8¥1'Wl train 1a between 10 and 11 11.ile• :pel" i.v. at wh1o!I 1p"4 th• csoal con....,ttoa oaimot exceed 5800 Lb!J.per ho'111". which b wtthta the- capabtliti•• ot a gOOd. NreJll8U. On the remainder or the run t:be coal oon.wapt101l need na'Hr reach 5000 pound• per hour. 
ror tbe .... ooal an4 water rate• -4 oorn4> ondiug maxilllWll tract1 ve powor ot t-8-2 looollOUY•, ~ •ztew tram th1• locomott•• can haul i& only 6000 tons in ED o .. !be 1tarunc p-.r of tbe 1-9-a lOOOllOUTe oorreoted for 0:1,I gJ"a.d.e is 60,?0Qt. · poanu, or lOol? poun49 pei- ton tor the 5,000 ton.a train. 'l'h.ia ts bsrely surfio-tat to ·~ U.. tn!n, n. lnmohe4, oa tlle apeott1e4 g:Nele. 

·::i n. etantN pOIW of the 2.-10-23 locomot1Ye co~eoted tor ,'3{. grad~, is 99,000 peade, or 13. 2 P9'DI• per tO!l for the 7ao0' ·ioa tral.11. 'fo utU1 ze thia 4rawb&z' pal.1 tl:w r&il mwn be •aded. "'.11th the tratn b\mohecl the pull of 13.2 :poun4a per ton of train 1a e11tt1oient. 

~~ ... -:.-:~~~~\..~~ • .:.,,hi.::.. .. 
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