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sonsof it with regardto powercostswhichare very
misleading. Somehavebeenimprudentenoughto
assertitseconomyforpowerpurposesinconnectionwith
uneconomiealwater-powerplantsas themeansofmak
ing such developmentscommerciallyavailable,and
severallargeplantsforcottonmillshavebeendeveloped
onthis line with blindnessastotheirtruecommercial
value.

For thepurposesof this paperwewill takeupthein"
vestigation,by tabulateddata,fromthe actualevery
dayoperationof theplants,andwe shall designatethe
two plantsas No.1andNo.2. No.1isa steam~driven
mill, havingasteamplan:gearedupwith ropes,heavy
headedgearing,andlargetaperingshaftsassuchplants
areusuallygearedupin thebestpracticeof to-day.The
steamengineis an 80(H:l.P. Corlisscross-compound,
builtin 1895,withcylinders20and40xwin. stroke,and
aropewheel24ft. pitchdiameter,groovedfor261%-in.
ropes,weighing35tons. This engineisbeingoperated
atanexceptionallylowcostperhorse-powerforsteam.
Therewasinthemillduring
the periodfor whichcom
parisonof poweris made
11,776spindlesand720looms;
all the spindlesand pre.
paratory machinerywere
run full, but theloomsdid
not averagemorethan682
perday. No 2isanelectric
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theauthor’sopinionthatthisdifferenceof powerwould
notbeexceeded,andhehopessubsequentlytogivemore
specificdatafromfurtherexperimentfrom theactual
operationof thesetwo plantsunderbetterconditions,
viz.,whenbothmills are completelyfilledwith ma
chineryand motorsand enginerunattheirfull load;
alsoin obtainingthe etiiciencyof directconnecteden
ginesandgenerators.It mustbe bornein mindthat,
unlikeamachineshopand othermanufacturingestab
lishments,wherea largeamountof shaftingis required
tocoverthe groundand whereintermittentpoweris
used,acottonmilldrivesin usefulefiect95percent.of
itsshaftingand uses]actuallyin continuousoperation
almostthemaximumpowerat all times.

TESTOFCENTBIFUGALPUMP,ETC.—BYPROF.R. C.CAR
PENTER.

Thepaperfirstcontainedadescriptionoftheplantin
whichdiagramswereusedin explainingthe details.
Themethodoftestingandofcomputingthecoefficients

CocfllcicntofDischarge
.695

drivenmill whichrentsits
currentfroma centralsta
tion and distributes it
througha continuousread
ing wattmeterto four 150
H. P. invertedmotorsbolted
totheceilingin convenient
locationsforeconomicaldis
tributionof thepower,and
beltedtotheshafting. The
mill hasbeenin operation
sinceJan. I, 1897.Thismill
hadin operationduringthe
periodnamedaboveonan
averageof 12,448spindles, ' " 3
withpreparatorymachinery
andanaverageof 356looms
outof 500in themill. The
weightoftheshaftinginthe,
steammill is approximately136,000lbs.andtheelectric
mill 122,000lbs.

From the dataobtainedfromthesteam-drivenmill
wehavethe followingdistributionofpowerduringthe
test-—l.'orthesteam-Lirivenmill :
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Total Loomspower. andshutting. Friction. H
.

P.spds. Looms.535 B60 226 IN 111
andfortheelectricdrivenmill :

Total Loomspower. andshafting. Friction, H.P.spds. Looms.418 208 149 208 50
Hence,thedifierencebetween226and149H. P., 77H.

P. mustbe-creditedto the electricmill in its present
condition.‘

Thefollowingpointsfromtheforegoingcanbestated
asexistingunderthepresentconditions:thesteammill
is operatingundera disadvantageof anunderloaded
engine;the electricmill isoperatingunderthedisad
vantageofdrivingmoreshaftingpermotorthan it will
whenthefull complementof machineryis installed.

The steammill requiresmoresuppliesin theshapeof
oil, sizingfor ropes.andothernecessaryincidentalsdue
tothe methodof transmittingthepower.Theelectric
mill has costnothingfor its motorsin six monthsof
operation,not eventhe necessityof puttingoil in the
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Fig.5.—Resultsof Testson a CentrifugalPump.

bearings,whichwassimplyrenewedoncein thattime
asaprecaution.The convenienceof operatinganysec
tionof the mill ad libitum, withoutreferenceto the
othersections,isan advantagewhichis felt in dollars
andcentsin plantsusingtheelectrictransmission.

Thequestionwhich arisesas to whetheragenerator
directlyconnectedto an economicaltypeof engineto
producethepowerwouldconsumethe difierencein the
frictionalhorse-power,is onewhichcanonlybeanswered
fromdatafrom institutionshavingsuchplantsnlIt is

‘ In thiscase,it willbenotedthatabout4"]
lostinfrictionwiththesteam-drivenmill and
theelectricdrivenmill.

9 SeeRailroadGazetteofNov.19,1897,p.820,forsomein
formationcoverlngthispoint.
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Figs. 6 and7.—ObservationsandResultsShowingSibleyCollegeTestsonEffect
ofVelocityofApproach.

ofdischargewerethenconsideredat somelength. The
resultswhichwouldprobablyproveof mostinterestto
ourreadersisgivenintheaccompanyingdiagrams,Figs.

5
,

6 and 7
,

whichshowtheefliciencvof thepumpingma
chinery.Thetestswhichweremadeshowtheindicated
horsepowerforeachenginecorrespondingto different
headsanddifferentvolumesof waterdischarged.The
workof raisingthewateragainsttheheadforthestated

(Continuedonpage854.)

A GovernmentArmorWorks.

Congresswill be askedthis winter to appropriate
$3,000,000toerecta mill formanufacturingarmorforwar
ships,thoughtherearenowtwoplantsin this country
equaltothecapacityoftheproposedmill,andthedemand
forarmorwill probablynotkeep

thelproposedmill run
ninghalfof thetime. Thepricespai totheBethlehem
andCarnegiecompanieswerehighenoughto remuner
atethosecompaniesforerectingthenecessarymachin
ery,whichisalmostor wholl uselessfor otherpur
poses.Investiationbythe avy De artmentshowed
that$400wonl beafair

price.
and a enateCommittee

reachedthe conclusiont at a lowerfigurewould be
enough.At $400a ton the Bethlehemand Carnegie
companieswerewilling]tomakecontracts;at an rate,
theywerewillingtore ucethepricessubstantial

But theIllinois SteelCompanyrepresented1
2

at it
couldmakearmorfor$240a ton,andit securedthein
troductionofabill makingthatfigurethelimit. Con
ressdidnotquitetakethecompanyat its word,butrit
id limit thepricetobepaidto$300.TheBethlehem

andCarnegiecompaniesrefusedtomakearmorforthis
rice,andtheIllinois SteelCompanyexplainedthat it

adnoplantfortheproductionof armorplates,but it
woulderectsuchaplantif it hadanexclusivecontract
forall armorfor20years,the minimumamounttobe

9 takenannuallybeing6,000tons.
TheIllinoisbteelCompanyhadprocuredthefixingof

thepricebelowwhatthe othertwo companieswould
accept,and it hadnomeansof doingthe work itself,
anda navalboardhasbeenfiguringon a government
mill. Thismill is toproduce6,000tonsayear,themin

theIllinoisSteelCompany. As

wearenotgoingto build two battleshipsevery ear,
thisfactorywouldlieidlemuchof thetime. The avy
Departmentknowsverywellthat it costsvastlymore
tobuild a shipin agovernmentyard than it doesin a
privateyard,andafterthegovernmenthasspent$3,000,
000in erectinganarmormill,whichwill beidlehalfthe
time,it will find that its armorcostsit a gooddeal
morethan the Bethlehemand Carnegiecompanies
asked.-Journalof Commerce.

AutomaticSemaphoreBlockSiwnalsonthe Illinois
Central.

As recentlyannouncedin theRailroadGazette,the
Hall Signal Companyhas fu.nishedfor the Illinois
Central a largenumberof automaticblocksignals,
which are to be operatedby electricmotors,a 5

H. P. motor for eachsignal. Exposedsemaphores
are used,of standardsize, and distant,homeand
starting signalsare providedat eachstation. The
signalsstandnormallyat danger,approachingtrains
clearingthem, if the track is clear,by meansof a
preliminarytrackcircuit,whichthewheelsshuntat a
pointsomedistancebeforereachingthedistantsignal.
FrominformationfurnishedbyMr. W. J. Gillingham,

SignalEngineerof theroad,we nowgivesomefurther
particularsconcerningthesesignals,with a diagram
of theelectriccircuitsbywhichthe signalsareauto
maticallymovedbythepassageoftrains.

That portionof the Illinois CentralRailroadlying
betweenCarbondaleand Cairo,57mileslong,apartof
theSt.LouisDivision,is anextremelybusyline. It is
thethroat,sotospeak,throughwhichpassesthetraffic
betweenthe Chicago,Amboyand St.Louis Divisions
onthenorthandall the linesof the companysouthof
theOhioRiver. Until 1896all thistraflicwasdoneona
singletrack,butthedifficultiesof operationbecameso
apparentthatasecondmaintrackwaslaidbetweenthe
pointsmentioned.Mostofthislineliesin a spurof the
OzarkMountainsextendingdiagonallyfromnorthwest
tosoutheastthroughthesouthernpartof Illinois. The
sharpestcurvesand steepestgradesarebetweenDon
golaand BoskyDell. The gradientsand curvesare
shownontheaccompanyingdiagram,Figs. 1 and 2

. On
thissectionautomaticblocksignalsarenowin usebe
tweenCobdenandMakanda,andtheyarebeing-putin
from Cobdento Dongolaon the southandfromMa
kandatoBoskyDellonthenorth,a total distanceof28
miles.
Aftercarefuldeliberationit wasdecidedtousethestand

ardsemaphoreandfittings,identicalwiththoseusedin
interlockingpractice,exceptthatcertainmodifications
weremadetoreducefrictionbythe introductionofball
bearings.In 1894the Illinois Centralhad erectedin
Chicagoanautomaticelectricsemaphoresignal(which
is still in service)for thepurposeof experimentandto
determinethereliabilityand efliciencyof an exposed
semaphoresignalworkedbyanelectricmotor(fixedto
thesignalpost).Thesignalis locatedonthelakeshore
whereit hasbeensubjectto all conditionsof weather,
andas a resultofthoseteststhecompanydecidedtoadopt
thistypeontheSt.Louisdivision.

The signalsare locatedwith specialreferenoetothe
grades,so astomakeit aseasyaspossiblefortrainsto
startafterhavingbeenstoppedatasignal;theuniform
lengthof blocksbeingmadesecondaryto this. The
locationshavingbeenthusdeterminedontheplan,the
next stepwastomakethegroundlocationswithrefer
encetothe line of vision,bearingin mindthegrades.
In determiningtheselocationsthedivisionolficersand
thesignaldepartmentco-operated;andit isof interest
to notethat in no instancewasit necessarytovarya
signalmorethan200ft. fromtheoriginallocation;and
therewerebut fourinstanceswherethehomesignals
couldnotbesightedfrom a gooddistance.As previ
ouslystated,the blocksarenotofequallengths,butat
the stationsandatall groupsof switches,bothhome
and advance("starting”)signalshavebeenprovided,
thehomesignalspermittingtrainstopull intostations
toworkwhenthe block in advanceis occupied.The
advancesignalisplacedfarenoughaheadoftheswitches
to permitthe longesttrain to do switchingwithout
delaywhenthenextsucceedingblockisoccupied.

Thecompleteapplication,extendingfromBoskyDell
toDongola,consistsof 56signalselectricallyoperated
and controlled,all of the standardsemaphoretype‘
Theaccompanyingdiagram,Figs. 3 and 4

,

showingthe
arrangementofcircuitsand locationsbetweenCobden
andMakanda,illustratesthe planfollowedthroughout
theentireapplication;butthecomplicationsare such
that a diagramof a singleblockis shownin Fig. 5

,

which,withtheexplanationappended,will makethe
arrangementeasiertounderstand.

Eachblocksectionis providedwith a distantand a

homesignalandatstationsthereisalsoan advancesig
nal. Eachswitchisprovidedwith a vibratingbell.The
signalsbeingnormallyin thecautionandstoppositions,
a trainapproachingthedistantsignalwill, uponenter
ing thepreliminarysection(assumingthat the block
in advanceisunoccupied),clearthe advance,homeand
distantsignals. Whereswitchesare locatedin the
blockthevibratingbell soundssimultaneouslywith
the entranceof the trainon the preliminarysection.
If, however,theblockcontrolledbytheadvancesignal
isoccupied,thesignalsarenotclearedby the trainon
thepreliminarysection,butuponthe trainpassingthe
distantsignalthe homesignalclearsandthe bells
sound.

Theapplicationof vibrating bells at switcheswas
firstmadeon theChicagoterminalof theIllinois Cen
tral. While it is truethattheoreticalobjectionshave
beenmadeto their use,froma practicalstandpoint
theyarebelievedto bemoreefficientthanvisualindi
cators,notonlybecausethey moreeffectuallyarrest
theattentionbut becausetheygiveindicationorwa.rn
ing to a greaternumberof trainmen. Instructions
governingtrainmenusingmain line switcheswithin
theblock-systemareveryexplicit. Theyarenotper
mitted to movea switch for the passageof a train
fromasidetrackto themaintrackor fromonemain
tracktotheotherwhenthebellatsuchswitchissound
ing,nortoproceedafterreversinga switchforasiding
unlessthebellbeginstoringwhentheswitchis turned.
It is apparent,therefore,that if on openinga switch
thehell doesnot sound,thereis necessityfor extra
precautionarymeasures,andthetrainmenaregoverned
accordingly. ~

Theapparatusfor operatingthesignaldirectlyneces
sarilydiffersfromthatoperatingdisk signals,butit is
of simpleconstruction,and the likelihoodof failure
to performits functionis very remote,in fact is no
greaterthanwithdisksignals.

Thedistinctivefeaturesofthesesignalsarethemethod
ofbondingtherailsfortrackcircuit,thevibratingbells
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Fig.1—ProfileandDiagramof theLineof theIllinoisCentralRailroadfromDongolato BoskyDell,28mi|es—C'0-ntinuerlin Fig. 2.
I

atswitches,andthemannerin which the semaphoresnow pursuedbothon the bridgeandontheSt.Louis
areoperated.Until quiterecentlythepracticehasbeen
tobondthejointsbyfasteningthewiresto the baseof
rail;butthishasnotprovedaltogethersatisfactory,for
the reasonthat bondsare sometimesforcedout or
broken,eitherbycontactwiththetiesorbyshearingoff
bythespikesinconsequenceofcreepingof therails.So
muchtroublewasexperiencedfromthelattercauseon
theapproachestotheCairoBridgethatit becameneces
sarytoprovidesomeotherformofbonding.Themethod
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divisionis tobondthroughthewebof therail,using
twowires,in substantiallythe samemanneras that
employedon electricstreetrailroads.It obviatesen
tirely the troublesexperiencedin the othermethod,
andreducesthecostofreplacements.

In the operationof thesemaphorea one-sixthhorse
powermotoris used,the powernecessaryto operate
it; varying(accordingtothe resistanceof circuit)from
10to 16cellsof Edison-Lalandetype 5 battery.The
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No'rI:.—Inthediagrameachlinerepresentsatrack;solidlinesrepresenttangentsanddottedlinescurves.

motor,aswill beseenfromtheillustrations,is fastened
tothesideofthesignalpost,directlyabovethecounter
weightlever.Attachedtothisleverisastrandedcableif
in.indiameter,theotherendofwhich,extendingupward
tothemotor,is fastenedto a drumkeyedontoashaft
gearedintothe armatureshaftas 25to 1

.

Thedrum
shaft is providedwith a worminto whichisgeareda
circuit-closingdevicefor controllingthe motorand
brakecircuits. On oneendof the armatureshaftis
fasteneda soft iron circulardisk which,in connection
withahighresistancecoil,actsas a braketostopthe
motor,therebeinglateralmovementenoughin theshaft
topermitof the disk beingattractedandheldby the
brakecoilswhentheyare energized.Onthebasesup
portingthemotorareinsulatedstripsforminga.partof
thecircuit-closingdevice.The actionof this circuit
closing device is such that when the block is
unoccupiedand no train is in the preliminary
section the battery is on open circuit. When
a.trainentersthe preliminarysectionacircuitisauto
maticallyclosedthroughthe motor,which thereupon
causesthesignaltoassumeitsclearposition.Just be
forethesignalreachestheclearposition,themotorcir
cuit is automaticallybroken,and a circuit is closed
throughthebrakemagnetcoils,causingaretardation
of the movementof the armand bringingit without
undueshockagainstthe stop,whereit is heldbythe
brakemagnet.In this connectionit shouldbeunder
stoodthatthecirculardisk is neverin contactwiththe
brakemagnetpoles,the brakebeingpurelymagnetic
andnota frictiondevice.Thus thereis nopossibility
of stickingdue to residualmagnetism.Thesignalre
mainsin theclearpositionuntil thefirstwheelsof the
trainpassthesignal,whenthebrakemagnetcircuitis
brokenandthe signalreturnsto thestopposition;its
speed,however,beingretardedjust beforethe signal
armreachesthe stopbythe countercurrentdeveloped
in a

.

circuitat that time automaticallyclosedthrough

Figs. 8 and9.—SideandEndViewsof Motorfor
WorkingAutomaticSemaphoreSignal.
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Flg.10.—WirlngofElectricMotor.

themotoronly. Thewiring of the motoris shownin
Fig. 10.

'

In consideringthe applicationof automaticsignals
generally,the importantquestionis to determineitheir
reliabilityand efficiency.With enclosedsignalsthe
apparatusdirectlycontrollingthe signalis not sub
jectedto wind, rain or snow,and thequestionof a.
normallydangeror normallyclear systembecomes
oneof individualpreference.With semaphores,how
ever,theconditionsarechanged.and it becomesa mat
ter of expediencythat the signalsbe normallyat
danger.Theactualtimeasignal is in theclearposition
(for train movements)is verymuchlessthan in the
dangerposition(thiswill varywithvolumeof traffic);
butassumingit toberelativelyas oneto flve,thefail
ureof apparatusshouldbeonthesideofsafety,andthe
tendencyof thesignalarmto stickin sleetingorsnowy
weather is certainlygreatestin thepositionatwhichit
is the longesttime at rest,andin contendingagainst
suchpossibilities,it mustberememberedthatthefail
ureto movefrom the stopordangerpositionis safe,

Fig.6.—AutomaticSemaphoreSigna|—l|linoisCentral
Railroad.

~——i

Fig.2.—Continuationof DiagramShown in Fig. 1
.
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Fig.5.—-ElectricCircuitsfor AutomaticSignalsfor oneBlockSection.

Whilefailuretomovefromtheclearpositionis likelyto
beunsafe.It maybearguedthatthedangeroffailure
is remote,butwhetherthis betrueornottheprinciple
ofkeepingsignalsnormallyatdangeriscorrect,andit
presentsnoobstacletoeconomicalandsuccessfulopera
tion.

Number8 E. B. B. ironwire is usedfor the line on
thetelegraphpoles,andall batteriesare placedunder
ground;thoseforthetrackcircuit in castiron chutes
andforthemotorsandswitchbellsin cedartubesspec
iallymadefor thepurpose.

Thecostof maintenanceand operationof thesesig
nals,sofar as it hasbeenpossibletojudgefromexperi
encethusfar,will bebutlittle if anygreater_thanthat
ofdisksignals.

Thisarticleis publishedsimultaneouslyin the Rail
roadGazetteandtheAmericanEngineer,CarBuilder
axnrlRailroadJournal, byspecialarrangement.

EI\'PLANr\TlON.50FDIAGRAM,FIG.5.
A B, B C.C D are sectionsof track constituting 8

blockwith itsdistantsignaland preliminaryfcircuit.
R,. R.,,R,,R, are traclrrelays;M andM, arerelaysdi
rectlycontrollingthe motorcircuit ; B, andB arethe
batteriesoperatingthe motors,B, is the batteryfor
operatingthebells.andB, is thebatteryforoperatinrl
the relaysM and 111,.All the track relaysare nor
mallyclosedand therelaysM and M, are normally
open. The entranceof a train on the section A B
shuntsthe track batteryfrom track relayR,, clos
ing thepathfor batteryB, throughbackcontactpoint
ofrelayR, andthus energizingrelaysM andM,. The
energizingof relayMclosesthe front contactonthat
relay,thuscompletingthecircuitforbatt/eryB,through
thiscontactandthehomesignalmotor,thus pulling
this signal totheclearposition. A similar resultfol
lowswithrelayM,, batteryB2and the distantsignal.
Whenthehomesignalis in theclearpositionacircuit
isclosedthroughthecircuit closer,batteryB, andthe
bellmagnets,causingthe bellstosoundatall switches
in thesectionof trackcontrolledbythissignal. \Vhen
thetrainentersthe sectionB C

,

relayR,» is demagnet
izedandthedistantsignalarm resumesthehorizontal
position,thisbeingeffectedbythe breakingof thecir
cuitfor batteryB, throughthe openingof the front
contactof this relay. Thetrain enteringsectionC I)
demagnetizesrelayR; andthehomesignalresumesthe
stoppositionbyreasonof the breakingofthecircuitof
batteryB, throughtheopeningof thecircuit through
relayIll, whichis effectedbytheopeningof oneofthe
contactpointson relayR,. It will benoticedthatthe
homesignalis inthestoppositionandthecircuitcloser
open;but the bellswill continueto soundaslongas
the train is in the section0 1) becausea circuit is
completedthroughthebackcontactpointofR,,battery
B, andthe bell magnetcoils. Whenthe trainpasses
outof section C 1)all apparatusis restoredtothenor
malposition.

If, at thetimea trainpassesA theblock C D is oc
cupiedbya precedingtrainorcar,ora switch is open,
thedemagnetizationofR, bytheactionof the wheels
hasnoeffectonrelaysM andM,, for thecircuitof bat
teryB, isheldopenat R,, by the precedingtrain (or
car):andconsequentlythesignalsremainatdangerand
stopthetrainatC.

Thelowerarmatureof relay M, whendown—that
is,whenin thepositionthatit takeswhenatrainpasses

it andthesignalat B goesto the horizontalposition
—closesa circuit throughthe pathindicatedby the

lineshownat the undersideof the arm of signalB.
Thiscircuit,v\hichhas no battery,runs through the
motor,andtheofficeof the lowerarmatureof relay
Ill, is tocloseacircuit throughthe motor,outsideof
themotorbattery,andthusaidin retardingthemotion
of thesignalarmasit approachestheendof its stroke.
The relationof relayM, to the motoris shownin
Fig. 10. RelayM hasconnectionstoitsmotorsimilar
tothoseof relayM,.

1
’,

whileatrain isbetweenB and C
,

a followingtrain

Fig 7
.

shouldpassA, this secondtrain,by holdingM, closed,
wouldpreventthe closingofthe no-batterycircuitde
scribedin the precedingparagraph; to avoidthisthe
droppingof thethird armatureofR2,whichis effected
bythepresenceof thefirsttrain in the sectionB C, is
madetoclosetheno-batterycircuitaround111,.
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