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3.027,149 
?NC?N??}?ATT??AT?NG FURNACE 

WadsworthT?Fuiton,Hanover,Mass,assignor,bymesne 
assignments,to Midand-Ross Corporation,Cieveland, 
?hio,a corporation of Ohio 

F?edApr.24,1958,Ser,No.739.608 
? Claim?(Cl?263?6) 

Thisinvention relates generallyto heattreatingappa 
ratus and particulary,although not limited thereto,to 
apparatus forautomaticaly heat treating bearingraces, 
andothermetalarticles havingrelatively Smaledge Sur 
facesand havingatendencyto topple when placed On 
edge and pushed? 
Inthe heattreatingofarticles havingrelativey Smal 

edgesurfaces,itiscommonto laythe articleson a broad 
sideand pushtheworkslowlythroughthefurnace?Such 
arrangementrequires an Undulylongfurnace which con 
sumespremium manufacturingspace?If Sucharticles of 
workare placedonedgeina horizontalfurnace,the work 
topplesand falis uponan attempt to pushitthroughthe 
furnace?While vertical furnaces,in which work is 
pushed upwardy by elevatingmechanism,do not present 
thisproblem oftoppling,otherdisadvantagesconcomitant 
with such furnacesareatleast twofold:the entire work 
1oadmustbe borne bytheelevatingmechanism;and com 
plicated meansfordischargingindividualarticlesare re 
quired, 
?tisaccordingyan objectofthisinvention to provide 

animprovementinapparatus for heattreatinga row of 
articles,placedonedge,astheyarepushed broadsidein 
step-by-stepfashion throughafurnaceinamannerwhere 
bytheentire1oad ofarow ofworkarticlesisnotcontinu 
ousiyborne bythe pushingmechanismandthe individual 
articlesare discharged bygravity,the aforeSaidimprove 
mentrelatingtomeanstoemptythe apparatus ofarticles, 
The presentinventionisdirectedtoanimprovementin 

leattreatingapparatus,the heattreatingapparatus com 
Drising a feeding magazine Section,pusher mechanism, 
work row holding mechanism,a furnace Section with 
incined work support means,and a discharge Section? 
The workisplacedin the magazine Sectionfrom Whence 
itisautomaticaly fed,in timed Sequence to the pusher 
mechanism,inadirection suchthatthe broad Side ofthe 
workistransverseto the longitudinalaxis ofthe furnace, 
The pushermechanism pushestheindividua?Workpieces 
?astthe work row holdingmechanism,when ina with 
drawn position,up the incined WOrk Support meansin 
predeterminedincrements to form a row of work?As 
the pushermechanismiswithdrawn?intimedrelation the 
work holding mechanism engages the last pushed work 
Diece to prevent the row from sliding backwardy,As 
the pushermechanismisfurtherwithdrawn,anotherwork 
?jece isautomaticalyfedfrom the magazine infront of 
the pushermechanism to be subsequently pushed to the 
furnacesectionandform part oftherow?Thisoperation 
iscontinuouslyrepeated toincreasethe length oftherow 
untithe worksupportis completely fHed,Upon sub 
sequentadvancementofthe row,asanew work piece is 
introduced tothe row,the frstwork piece is discharged 
by gravity down Suitableguide means,preferablyin the 
form ofan enclosed chute,to the quenching medium or 
any othersubsequentoperation? 
The length of the furnace and the rate of pushingare 

interrelatedto exposetheworkforapredetermined time 
to heatin orderto attain the desired worktemperature, 
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Theheatsupplytothefurnacemaybefurnishedbyany 

suitablemeans,Whenthe heatsource isradiant,as by 
electricalmeans,only guideraisneed be provided to 
supporttheworkasitistransferredthroughthefurnace, 
However,when directfredgasburnersare employedas 
thesource ofheat,theworkmaybeenclosedina mufe 
within the furnace toprotect the workfrom undesirable 
atmosphere contaminants?The mufe may encompass 
the workand supportrais,ormayServe directlyasthe 
SUppOrt meanS? - - 

In some operations,theindividualwork pieces hayea 
tendencytoadheretoeachother,In Suchcases,positive 
meansfor dislodgingone piece from the other may Op 
tionaly be provided.atthe discharge end ofthe furnace? 
The specificimprovementtoward which thisinvention 

isdirectedcomprises meansforemptyingthefurnacedur? 
ingworkstoppage orinterruptions Sothatworkalready 
inthefurnacewilnotbe undulyeXposedtoover heating 
andconsequent damage?The novelarrangement ofthe 
invention provides meansfor utilizing the reciprocating 
pushermechanism toimpart step-by-stepadvancing mo 
tion to the pusher head withoutintermediate retraction? 
Toperform theemptyingoperation,thenormalyrecipro 
catingrod to which the pusher headis attachedis dis 
connected from the piston rod of the actuator,and an 
extensionrodattached to the normaly reciprocatingrod? 
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The pusher head maythenbeadvanced manualy,or,by 
applying an adaptorthe pusher head may be advanced 
automaticaly? 
Havingsummarized the operation of the apparatus of 

theinvention,the varioussectionsandmeansforcarrying 
outthe operation will now be described? - - 
·In the accompanying drawingforminga part of this 
specification: - - ? * 

FIGURE 1 isa cross-sectional elevational view ofa 
?ushertype furnace embodyingthe presentinvention, 
FiGURE2isatransverse sectionalviewtaken along 

line2?2of FIGURE1ilustrating oneform ofescape 
ment meansandpusher head; 
FIGURE3anenlarged longitudinalview ofthe pusher 

and work holding mechanism, 
F?GURE4isatransverseviewatthedischarge endof 

the furnaceilustratingthe mode of Supportingthe mufe 
and the disiodging means; 
FIGURE5is a fragmentary perspective view of the 

noveladaptormeansforemptyingthe furnace; · 
FIGURE6isa longitudinalsectionalviewillustrating, 

an alternate eScapement means which also functionsas 
Sealing means; 
FiGURE 7isa schematic representation of the fuid 

controlapparatus forthe furnace apparatus; 
FIGURE8isa representation of theelectricalcontrol 

circuit for the furnace apparatus; · 
FIGURE 9 is schematic representation of the push 

button selector Switch SS3 of FIGURE 8 with the nor-? 
mal position indicated in Soid lines and the emptying 
Positionindicatedin discontinuousines; 
FIGURE10isaviewshowingthe position ofaswitch 

which prevents undesirablefeeding of work? 
The work Wis placed on edge ina suitable inclined” 

magazine ?GWhereinitadvances bygravitytoreciprocat 
ingstop12,Asthe stop12isloweredtheforemostwork” 
?iece adyancestorecprocatingstop11?The stop11 is 
then 1owered,and concurrently the stop 12 is raised 
wherebytheforemostworkpieceis releasedtoa position 
for pushing and the remainder of the workis heldfor? 
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Subsequentintermittent advancementassaid prior fore 
moStWork piece?Therate ofreciprocation of the Stops 
?1and12iscontroiledin timedrelaticn with the pusher 
mechanism,generalydesignated bythe numerai?5,The 
controls forachieving this timed relation wil later be 
described? 
The pushermechanism15comprisesa pusher head16 

mounted on the end of reciprocatingrod17,Rod17is 
operativelyinterconnected to piston rod extension 18 by 
bracket 19?Extension ?8isin turn Suitably connected 
topiston rod26 offuidmotororactuator21… 
The furnace,generally indicated by the numeral26, 

comprisesasteelshel167linedwith refractory28?The 
?eating Source,in this case for purposes ofiustration 
isshownas beingdirectfred burners29,AV-channel 
39is providedtosupporttherow ofworkasitprogresses 
throughthe furnace,In the case where the furnace is 
directfred,amufie 3? circumposesthe Workto protect 
against possible contamination,The longitudinalaxes 
ofthesupport3{}andthefurnace263re paralelto each 
other,Furnace 26is Supported by Structure 22Which 
inclines thefurnace atan angle to the horizontal,with 
dischargeend23 beinghigherthancharge end24,The 
angle ofincinationis suficient to overcome anytend 
ency ofthe work piecestotopple on Support3Gas they 
are pushed broad side through Said furnace from the 
charge towards the discharge end of the furnace. 
The mufe31maybe Supported by?ipe hangers32,as 

in FIGURE4,oranyothersuitable means?Theadvan 
tage of using pipe hangers32as Supportmeansisthat 
One or more ofthem mayalso be used assighting holes 
forviewingthe Work within the furnace? 
An atmosphere gasintroductory chamber 33 may be 

providedatthe chargeend of the mufe31to whichat 
mospheregasisintroduced byconduit34fromany suit 
able Source?The gas SubSequenty fows upwardy into 
the mufie 31 to form a protective atmosphere for the 
work asitis being heat treated, 
Asthe workisadvancedintothe mufie31to form a 

row,appropriate means must be provided to retain the 
rowin the advanced positionin ordertopermitthe in 
troduction ofadditionalworkpiecestothe pushermech 
anism,Accordingy a recprocating stop member or 
hold finger46is provided?Finger 40is suitably con 
nected to piston rod41 of fuid motor or,actuator42 
which is operated in timed sequence with the pusher 
nechanism 15to permitthe work pieceimmediately be 
forethe pusher head16,toform part oftherow? 
The pusher head 16 may be bifurcated asshown in 

FIGURE2orslotted and be of suficientwidth thatthe 
finger40 may beadvanced within the opening43 and 
retainthe work row beforethe pusher head16iswith 
drawn,thus limiting the backslide of the workrow? 
UpOn reachingthe discharge end of the furnace,the 

individual work piecesare discharged by gravity down 
an enclosed chute46Which extends below the quenching 
nedium 47 in quench tank48 thus forminga seal to 
?reventinfitration ofairto the mufie31? 

Inthose operations where theindividualworkpieces 
tend to adhereto each other,breaker means,generaiy 
designated bythe numera150,maybe provided,The 
breaking means discloSed comprisesa breakerfinger51 
Suitably Suspended from a pivotable arm 52 overthe 
furnace26,Thearm 52is pivoted bypiston rod53of 
fuid actuator54through linkage 55toraisethefnger 
51?Acounter weight57is providedonarm 56toro 
tateshaft58uponwhicharm52isalsomountedtodrop 
the fnger51 into breaking positionin timed sequence 
with the pushermechanism15? 

?hefuidcircuit,whichmaybehydraulicorpneumatic, 
isiustratedin FIGURE7,as being hydraulic,where 
a pump60isinterposedbetween supplyandreturnines 
61 and 62,respectively,The fuid motors21,42,and 
54actuaterespectiveythe pusher15,the stopmember 
49,ahdthe breakerfinger5? whilefuid motors38and 
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4 
39 maybe used to actuate fingers?and ?2,The con 
trolvalve 63 forthe pusher i5 hassolenoid vaives B? 
and B2formovingthe Valve63toitsforwardandreverse 
pusher positions?The fuid motor 42 for Stop member 
40iscontroHedbyvalve64 which hassolenoidvalvesAL 
andA2formovingthevalve 64tothe upand downfnger 
positions,The fuid motor54 of breaker means 5@ is 
controlled by valve 65withsolenoid valves Cland C2 
formovingthe valve65tothein andoutpositions?The 
motionsof the fuid motors are integrated by an electri 
cal control system,inchuding limit Switches LS—l and 
LS—2 contacted by pusher l5,Jimit Switches LS—3 and 
LS—4 contacted by stop member 40 and limit Switches 
?S-5 and LS—6 contacted by breaker means 59, 
The electricalcontrolsystem,ilustrated Schematicaly 

in FIGURE8,utiizescontro relaysCR?and CR2Which 
have1atchandtrip cois LandTandatwo-position Se 
1ectorswitchSS1,markedmanualandautomatic,Atthe 
startofthe cycle,the various mechanismsareinthefol 
1owingpositions: 
Stopmember 40-in(holding work) 
Pusher 15-Out 
Breakerfinger 51-out - 
Selectorswitch SSi-automatic 
Selectorswitch SS2-timer * 
Push button selectorswitch SS3-normal 
Thecycle isinitiated by settingthetimer forthe de 

sired time;the Setting of thetimerincludes the running 
tine as well as the ide time between cycles,At the 
expiration of the time set on the timer,contacts SS2?? 
in the timer closes and control relay CR? latches and 
closes contact CR1?l while controlrelay CR2 opens. 
When contactCR1?l closesto energize Solenoidvalve 

Al,Stop member40Startsto move outandreleaSes limit 
Switch LS3?When imitswitch LS3 isreleased,contacts 
LS3?l and LS3?2 are opened,At the end of the with 
drawing motion of stop member 40 imitswitch LS4is 
contactedand contact LS4-1cksed, 
Upon openingof contact LS3~2and closing of contact 

LS4—1,Solenoid valves Al and B1 are respectively de 
energized and energized,The energizing of valve B? 
Causesthe pusher ?5to movein and release limitswitch 
LS1,whereupon contacts LS1—1 opens,and contact 
LSI?2 closes?At the end of the inward pusher imit 
Switch LS2 is contacted to close contacts LS2?1 and 
LS2—2,open contact LS2?3 de-energizing Solenoid valve 
Bland open contact LS2?4? 
AS contact LS2?lis closed soienoid valve A2isen 

ergized and Stop member46 moves in to release imit 
Switch LS4 and open contact LS4—1 de-energizingsole 
noidVaiveA2,Attheend oftheinwardmotion ofstop 
member 40 limitswitch LS3iscontactedtoclosecontacts 
LS3?l and LS3–2? 
Upon closing of contact LS2—2,solenoidvalve C1is 

energized topermit breakerfinger51tomovein,releas 
inglimitswitch LS5,closingcontact LS5—3andopening 
contacts LS5-2and LS5-1 tode-energize solenoidvalve 
Cl,Atthe end oftheinwardmotion ofbreakerfinger 
51,imitswitch LS6iscontactedto closecontact LS6–1? 

Closing of contact LS5-3 causes control relay CR2 
tolatch ?d_closecontactsCR2—1and CR2—4andopen 
Contacts CR2—2and CR2—3. 

With_contacts LS1-2,LS3??and CR2—4closed,sole noid Valve B2isenergizedtomovepusher?5outreleas 
inglmit Switch LS2,thus openingcontacts LS2–1and 
LS2—2andclosingcontacts LS2?3and LS2?4,Withthe 
opening of contact LS2—2,the coiof contro? relay CR2 
is de-energized Atthe end ofthe outwardmofon of 
pusher15limit Switch LS1iscontactedtoclosecontact 
?Sl?LandopencontactLS1—2whereuponsolenoidvalve 
B2is de-energized, 
Thecosingof contact LS6-1energizessolenoidvalve 

C2tostartthebreakerfngermovingoutand releasing 
imitSwitch LS6thus openingcontac?LS6– and de? 
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ergizingsolenoid valve C2,Atthe end of the breaker 
fngeroutwardmotionlimit Switch LS5iscontacted,thus 
closing contacts LS5-1 and LS5—2 and opening contact 
LS5-3? 
With contacts LS1—1 and LS5—2 closed control relay 

CR1 tr?s to open contact CR1?l and close contact 
CR1-2,therebytrippingcontrol relay CR2,When con 
trol relay CR2 trips,contacts CR2—2 and CR2—3 are 
closed while contacts CR2—l and CR2?4 are opened? 
Upon opening of contact CR2?? the trip cois CR? 
and CR2 are de-energized, 
The aboveisa description of one complete cycle,The 

cycleisrepeatedeach timethe cycletimermakescontact? 
Theabove deScribedcontrolssynchronizethe operation 

of the pusher,stop member and breakerfinger,Where 
automatic feeding operationis desired the folowing de 
Scribed controls may be added to the controlsystem to 
synchronizethe feedingwith the pushing of the work? 

Becauseitis necessary to accomplish al of the feed 
ing operationswhen the pusherisin the retracted posi 
tion,the feedingoperation wilnot commence untillimit 
Switch LS1 is contacted, 
The magazine hold finger11isnormalyadvanced to 

retain the column of workwhile themagazine holdfinger 
12is normally withdrawn from the work,Thus when 
limitswitch LS1 iscontacted and contacts LS??3closed, 
Solenoid valve ELis energized tostartfinger12upward 
and retain al but the lowermostrace?As finger 12 
Startsupwardylimitswitch LS8isreleased?Atthe end 
of the stroke limitswitch LS7is contacted to close its 
contacts and energize solenoid valve Dl to withdraw 
finger 11 andrelease the lowermostrace to the pusher 
nechanism?As finger ?is fuly withdrawn LS10 is 
contacted,Solenoid Valve D2is energized to Send finger 
ilimmediately back;whenimitswitch LS?9iscontacted 
control relay CR3is latched?Atthe end ofthe upward 
Stroke offinger11,with contactsCR3?1ofcontrolrelay 
CR3 closed,and as imit switch LS9 closes,solenoid 
Valve E2isenergized to withdraw finger 12andrelease 
the Workto alow the worktoadvance tofinger1??As 
the finger I2 is fuly withdrawn,limit switch LS8 is 
COntacted and Controlrelay CR3 tripped to setthe con 
trolsin theirnormal positions?Atthistimethe pusher 
is advancedand when retracted again and imitswitch 
LS?iscontacted the abovefeedingcycleisrepeated, 
ToinSure that the feeding cycle wil not start tore 

peat whiethe pushermechanismis retractedandawork 
pjeceisinpositioninfront ofthepusher head,normaHy 
closed Switch MS may be placed beneath the feeding 
positionasshownin FIGURE10,Whenapieceisin 
positionthe Switch MSwilbe openedtopreventtheen 
ergizing of Solenoidvalve E1 andalfurther Contingent 
Operations? 
OccasionaUy,itis necessary to empty the furnace 

because ofworkstoppagesorinterruptions,Thepusher 
mechanism15maybe disconnected byremovingpin14 
andthen an extension rod17Asecuredtorod ?7,The 
Workpiecesremaininginthefurnacemaythenbe pushed 
9utmanualy,While an experiencedoperatormaysatis 
factoriypush Such pieces manualy,insome casesitis 
Preferable to extract them automatica?y? 

Novel means for continuingautomatic emptying op 
eration afterthe extension rod17Aisattachedisshown 
in FIGURE5?Apivotableadaptormember79isshown 
as beingattached to stationary arm 71 by pin74,The 
extension rod17Amay be providedwith a series ofser 
rations 73 which member70isadapted to engage and 
adyance the extension rod 17A on a forward stroke. 
Adaptor 7?is retained in engagement with a serration 
73 by meansofstop72. On thereturn stroke,themem 
ber76 pivots about pin 74,rides over a serration into 
Position forthe next advancing position thus the exten 
sion rod17A,and concomitantlythe pusherrod ?7 an 
pusher head16,are carried to an advanced position on 
a forward stroke butare not carried by the adaptor 70 
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6 
on a retractingstroke,After the lastremainingwork 
Diece is discharged,the pivotable adaptor 70is disen 
gaged and the pusher head i6 retracted toits normaly 
retracted position? 

In ordertoinsure that the various mechanisms wil 
notinterferewith each other duringthe emptying pro 
cedure described above,selector switch SS-3 is incor 
Doratedin the electricalcircuitto“lock out”the mech 
anisms which causeinterference? 
During the normal cycle contacts SS3—1 are closed 

to permit finger 40 to reciprocate contacts SS3—2 are 
normalyopen;and contactsSS3—3 are closed to permit 
the feeding mechanism to function?Ifatanytime itis 
desired to empty the furnace,with the extension rodat 
tached,the operator may position the SelectorSwitch SS3 
tothe“emptying”cycleasindicatedin FIGURE 9 by 
discontinuous linesand contacts SS3?l Will be Opened 
to 1ock outfnger40;contacts SS3—2 will be closed to 
forma by-pass circuitaroundcontacts LS3—landreverse 
the motion of piston rod20 upon completion ofitsfor 
ward motion foradvancingrod17through the furnace? 
and contactsSS3—3wibe opened to preventany Work 
from beingfedintothe pushing mechanism l5? 
Analternateform ofescapementmeansfrom the feed 

magazine 10is shown in FIGURE 6,Gates 111 and 
112are providedand completelytransversethe cross-Sec 
tions of the enclosed portion of the feed magazine ?9 
when theyare in anadvanced position?Thus the gates 
111 and 112 in addition to controling the feeding of 
workto the pusher15in the Same mannerasstops 1? 
and12Serve assealing meanstominimizethefow ofair 
intothe heatingchamberorthe fow ofatmospheregases 
outwardy. 
The foregoingis an extensive disclosure of the prin 

ciples involvedin the presentinvention Which wil en 
able personsskilledinthearttotakeadvantage ofthisin 
ventioninsimilar orequivalentforms? 
Whatisclaimedis: 
Heattreatingapparatus for heatinga Series of super 

imposed relativelythin articles comprising,in combina 
tion:a heatingchamberforpassage oftherelativelythin 
articles broadwiseand on edgetherethrough?said cham 
ber havinga charge endanda discharge end anda dis 
charge opening adjacent Said discharge end positioned 
to discharge the articles therethrough by grayity;means 
for Supporting Said chamberatan angle ofinclination 
with the discharge end higherthan the charge end,said 
angle ofinclination beingsuficientto overcomethetend 
ency of the relatively thin articlesto falon their broad 
side asthey are beingadvanced through said chamber; 
reciprocating pusher mechanism associated with the 
charge end of said chamber foradvancing the series 
of articles broadwise and on edge through said chamber 
ina step byStep mannerfrom the charge end towards 
the discharge end for removal through the discharge 
Opening;retractable holding means associated with the 
charge end ofSaid chamberfor holdingtheseries ofar 
ticlesin Said chamberto permitthereciprocating pusher 
mechanism to be retracted;control means operatively 
COnnectingsaidreciprocating pushermeansandsaid hold 
ing meansto controltheircycle of operationin the fol 
lowing Sequence:the pusher mechanismis advanced to 
advance the articlesin the chamber;the holdingmeans 
isadvanced to holdtheseries ofarticlesin the chamber; 
the pusher mechanism is retracted and held in position 
a Suficient timeto permitatleastone additionalarticle 
to be positioned between the pusher mechanism and the 
holding means;the holding meansis retracted;and the 
Dusher mechanismisagain advanced to advance the ar 
ticlesin the chamber,the frequency of the cycle being 
determined bythe control means whereby each of said 
Series ofarticlesis within the chambera predetermined 
time before discharge through Said opening,and means 
forselectivelyinterruptingthe cycle of operation of the 
controlmeanstolockthe holding meansin retracted po 
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sitionand permitthe pushermechanism toadvance step 1,401983 
by stepto empty the articles from the chamber. 1,654,678 
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