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33élaims? 

The present invention relates to Worm gear 
hobbing machines andis concerned more par 
ticulary withimprovementsinthetranSmissions 
fortheworkindexingandtoolfeeding movements 
8ndtheirmodeof Operation? 
A primary aim of the invention is torender 

available a wormgear Cutting machine adapted 
to cut gears of either hand,andin Which it is 
possibletouseacombination roughingandfinish 
ing hob,and Successively change the cutter feed 
from 8,Centripetalfeed t08,tangentialfeed,With 
the assurance that the centripetalfeed alwaysis 
in the direction of the blank axis and thetan 
gential feed always is against the direction of… 
blankrotation,regardlessof the hand of thegear 
being Cut? - 

A further aim of the inVention is to render 
aVailable 8,simplified transmission and control 
for machineSofthis claSSWith Whichitis p0SSible 
to Shift frOm one directionalfeed to another di 
rectional feed in a,Single operation during the 
cutting ofgears ofeither handtherebytoelimi 
nate the confusion and p0SSible damage that 
0therWise may result When 8 plurality of Opera 
tional movesand changes are required in efect? 
ingthechange?OVer? 

Stil another objectiVe of the invention is to 
eliminate the dificulties heretofore encountered 
with the prior machines reSpecting the main 
taining of a synchronized relation between the 
work and Cutter movements at all times to the 
endthat the cutter and Work may berepeatedly 
brought into tooling relation by the power feed 
mechanism provided,by the quick traversing 
mechaniSm,0r by hand·WithOut danger of up 
Setting the harm0nious relation established be 
tWeentheCutterandthe Work? 
Theimp0rtance of the foregoingaims Willbe 

come eVident When Consideration isgiVen to the 
fact that On amaChine COnStructedinaCCOrdance 
with thisinvention,1eft handed Worm gears or 
right handed WOrm gearS may be Cut,each of 
Which is given Opposite hand Work blank rota 
tions,ASt0each direction of Workrotation the 
centripetalfeed of the cutter mustremainto 
Wardthe axes,Whereas,thetangentialfeedmust 
be in 8 direction in opposition to work rotation 
andata CompenSatingrate t0preServe the nor 
malefective 1ead of the hob?These relations 
aremaintainedinaCCOrdanceWith thisinVention, 
irrespectiVe the“hand”of thegearto be cut or 
itsdirectionofindexYmotion? 

If the hob8ndthe blankarerotatingtogether, 
8san Ordinary Worm andWorm Wheel,no difer 

(Cl?90?4) 
tationisnecessary orrequired?However,ifthe 
hob is shifted tangentialy of the blankin the 
drection of its axis while it is alsorotated,the 
increment of shiftissubtractive ontheleadWhen 
feedingagainst the Work8ndaddthVe Onthe lead 
Whenfeeding with the Work?Therefore,to pre 
Serve the normai1ead of the hob true,relativeto 
the workwhiletangentialyfeeding the hob,the 
workis driven ata sightly reduced rate,Which 

10 rateis 8,function of therate of1atera1feed?In 
the presentembodiment of theinventiona Com 
monsource of power drivesthe cutter,the cutter 
feed,andthe workindextrains andthe compen 
satingor correlatingmechandsmtakestheform of 

15 differentialgearing positionedin the Workindex 
train;the drivetothe Workcarrjerbeingthrough 
therollingspidergearsof the diferential?The 
rate ofroll of the spidergearsabout the driving 
and drivengears of the diferential,determineS 

20the output speed and its direction,and this is 
controlled by changeable leadgearinglocatedin 
a,branchfrom thefeed train?Thus the conjoint 
action of the two trains(feed and index)is 
utilized to efect Work indexing(rotations)in 

25timedrelation with hobrotations andtangential 
feeding? 
When,however,the machineisset up forthe 

Cutting of gearssoley bythe infeed method,no 
diferential8ctionisrequiredandthe diferential 

30 producingmechanismislockedout?Thenetre 
Sultisthat the Workis rotatedatonerate When 
centifeedingthe hob8ndat8'dferentrate When 
tanfeeding the Same hob,but the relative rol1 
betWeen the Work andthe hobremainsthesame 

35inbothcaSeS? 
The problem,therefore,in a machine adapted 

to Cut both left hand andright handgears,With 
a hob that has 8 portion designedforrough cut 
tingusing8 centifeed motion,and8nother por? 

40 tion designed for finish cuttingusingatanfeed 
motion,is to be able to Shiftfrom centifeed to 
tanfeed,Without losinglead,andinasingle op 
eration and in So doing automatically obtain 
a diferentialinthe workindexrates,whentan 45 feeding,andinadirectioncompatiblewithafeed 
against Workrotation,regardless of the hand of 
the gear being Cut?Andin the same machine 
provide meansto preSerVe,0rtorenderit possible 
to maintain,the centifeed tranSmission operative 

50 in aninfeedingdirectionandthe hob downward 
cuttingfcreach hand ofgear to becut. 
In the c8Se of Cutting 8,right handed Worm 

ge8r,With 8,machine COnStructedin 8ccordance 
With this inVention,the blank Wi1 be turning entiaactionbetweenhobrotationandblankro-8gcounterclockwiseasthe hobissowyfedin,to 
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ward the work axis?After the predetermtned 
tooth depth ls reached the centfeed ? dgcon 
nectedandthe hobis then fedtangentlalytn 8 
clockwise drection,On the other band,Wben 
cutttnga1eft hand Worm gearthe blank? ro tatedáockwlseasthehobisagatnfedtn(toward 
the axis)and then tangenttaly tn 8 Couater? 
clockWise drection? 
The present tnventon further undertakeg to 

renderayalable8Worm ge8r cuttng m&chtnetn 
volvtng the foregong drectional featureg that 
maybeready convertedfrom left handedWorm 
gear cuttmgtoright handedWorm gear cuttng, 
orconversey,inamanner Wherebythe Workhn 
dexand the matn feed trans may hgVe thetr 
drections8lmultaneousychangedatthettmethe 
machtneissetuptoaccord with the handof the 
gearto becut?Duringthe settng up Operation 
the 1ead determiningtran,by Which Compens&? 
tionforthe iatera feed of the hob ls m&de,is 
also altered to operate in 8 drection Conalstent 
withthehandofthegeartobecut?Althe other 
directionalrelations of cutterfeeds to Work In 
dex motions andratios are brought 8bout8uto 
maticaly bythe transmi8slon system80r by8ld 
inggears and clutches buitinto themachtne? 
?nthe presentembodiment of theinVention a 

main motoris used to drive the entire machine 
andis,through suitaby arranged speed change 
gearing connected directlytothecutter 8pinde? 
Onthetoolside of thecutter Speed changegear 
ing,poweristaken for 8 branch tratnle8dngt0 
the work carrier and Which includes the above 
mentioned diferential mechanism?Assuming 
the casing of the dferentia to be locked,the powerfromthemotorflowsthroughthedferen 
tialtochange Speed indeXgearingand thenceto 
the work carrier spindle?Rever88ls in index 
motions arein the instant embodment efected 
by the insertion or remoVal of8n intermedate 
gearin the indeXchange Speedge8ring andthe 
driveto the cutteris unefected, 
On the WorkSpindleside of the indexchange 

speedgearing,the power for the Cutter feed8is 
taken of?The feed power first enters 8,feed 
change mechanism(afordng32Selective feeds) 
andthencefloWSto8 dualclutchmechanism con 
structed andarranged to direct the feed power 
selectively to one or the other of the sub-feed 
trains,namely,to the centifeed orto the tan 
feedtranSmissions,Sincethefeedpowertst8ken 
from the indextrain onthe tableside of thein 
dex change Speed 8nd reVerstng me8ns therein, 
the rate offeed alw8ys bears8,fixedrelatlOn to workrotation,i.e,thefeedisinunitsperrevolu 
tion 0f the Work and does n0t Vary merey be 
cause the circumferential dstance around the 
blankchanges duringthecuttingor Whenchang 
ing from 81argegeart08,SmallgeBr, 
The inSertion 0r remoWal of an intermedate 

ge8rin the indexge8ring,alSochangesthe drec 
tion Of motion in the feed transmisslons,giving 
32feedsin either direction,Withrespect tothe 
tanfeed Sub-train,the preSent invention 8uto naticallyinsuresareversalindrectionWhenthe 
Worktablerotationisreversed,andafeedagainst 
the work,for eitherleft orright handgear cut 
ting,is obtained, 
On 8 m8Chine COnStructedin accordance With 

thisinvention,itis contemplated that the user 
may desire to cut gears soley by the infeed 
rnethod,or Soley bythetanfeed method,or bya 
Combination of thetwo methods?The combina 
tion methodisthe more preferable,in thatitis moreeficientyandexpedtousyaccomplshed 

And88the dferentla productng mechandam ? 
to betnefective for part of the toolng operätlon 
andto beefectiveforanotherpart ofthetoolng 
Operation,the transmi8ston80f the pre8ent tn 

5 ventlon &re 8oarranged that thepowerforop 
erattng the dferential istaken of thetanfeed 
8ub-tratnatthefeedScrew8lde of the dualclutch 
that connect&either8ub-feed tratnWiththe main 
or common feedgearing,8htfting of the clutch 

10 from centifeed p0sition to tanfeed posttion thug 
8utomaticalyrendersthe dferentialmechanigm 
efective to correlate the rate of Work rotation 
with therotation andlateralfeedmotiong ofthe 
hob,A8ystem of lead change ge&ring18incor 

15 poratedinthedriyetraintothedferentialmech 
anism 80that the proper relations betWeen hob 
and Work may be obtained for any given Worm 
888?? Inchangingoverfrom R.H.toL.H.gearcut 

20ttng the Work carrler drive train and altrang 
dependent thereon are reversed?However,and 
irrespective of the drectlon of table rotation, 
meansareprovidedpreferablyintheleadchange 
gearing,for maintainingtherelativerolbetWeen 

25the workandthe hob constantandoperative in 
the right direction With reSpect to the drection 
of lateralortangentialfeed?Theinstrumental 
tles proVided function primarily tomaintain(or 
restore)8 previously existing condtion or rela 

30tion in dferentialaction,i.e,to mantain the 
efectiVeaction ofthe diferentialmechanism5ub 
tractiVe on therate of motion of the output8haft 
(for both R?H.8nd L.H,geBrs)notwith8tandng 
a reversalin motion efected in the indextratn, 

35Which reversal alsoreversesthe drection of the 
main feed Works?This alteration in the lead 
compenSathng mech8nism is made,as with the 
alteration made in theindexgearing,onlywhen 
changhng oyerthe machine from R,H,to L?H, 

40 orconverSely,andafterthe machineissetupfor? 
Cuttinggears of either hand,the change from 
centfeed to tanfeedis efected by operating a 
single lever??dle or other time consuming op 
erations in correlating directions are thereby 

As herein uSed the terms centripetalfeed and 
centifeed mean a feed movement wherebythe 
hobaxis andWorm Wheel8Xis8re brought closer 

50 together,i.e,in 8 directionradally ofthe blank, 
?The termstangentialfeed and tanfeed,mean 8 
feed m0Vement Wherebythe hob and Work 8xe8 
remain 8 definite distance apart and there is 
relative movementinalateraldrectionbetween 

85 the hobandtheworkblank,forexample,8shtft 
ing of the Work blankaxisinadrection parale1 
to the hob axis,or ConVersely,?n both ca8e8, 
howeVer,8 Coplaner relation between hob axis 
andthemedialplane ofthe blankis maintained, 

60 except Whenitis deSirableto make an alowance 
for an OVersl2ed Or undersized hob in Which 
CaSe the hob axis may be tited slightlyto cor 
rect for the change in hobleadangle? 
Tanfeedng against the work index motion, 

65 means a relative lateral displacement of cutter 
and workin opposed directions,thatis,in cut 
tng both left and right hand worm gears the 
tanfeedisin 8 directiontendingtoholdbackthe 
Work rotation andis the converse of afeedin 8, 

70 drection tendingtopulthe Workaround? 
While the preSent inyention is depicted in 8 

machine wherein the centifeed and tanfeed 
novementsaremovementsimparted to the hob, 
itistobe understoodthatone or bothfeedmove 

75 ments maybeimpartedtothe workblankcarder 
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orapportioned,as may be destred,between the 
Workandthe cutter, 
Other objects andadvantages will bein part 

indicatedinthefollowingdescription andin part 
renderedapparenttherefromin connection with 
the annexed draWingS? 
To enable others skiledin the art Sofullyto 

apprehend the underlying features here0f that 
theymayembodythesame in the various WayS 
contemplated bythisinvention,drawings depict 
ing a,preferred typical construction haVe been 
annexedasapart ofthis disclosureand,insuch 
drawings,1ikecharactersofreference denotecor 
responding parts throughout al the Views,of 
Which? - 

Figure1 isaside View of a Wormgear Cutting 
machine embodying the present invention? 
Figs,28nd3 are front andrearend VieWs of 

themachineiustratedin Figure 1, 
Fig,4 is a line diagram of the power trans 

mission mechanisms and their controls, 
Fig.5isadetailiustrationofaportion ofthe 

drive to the hobbing Cutter,includingthe speed 
changegearing? 
Fig.6is8 detailillustration of8 portionofthe 

drive to the Workspindle index shaft,includng 
,the diferential mechanism and index change 
speedgearing, 
Fig,7isa detailillustration of thefeedWorks 

drive includingthe buit?tn Change feedgearing? 
Fig,8isa detailview of theleadchangegear 

ing;and Fig,9,the power connection from the 
tangentialfeed train? ? 
Fig,10isa detailfgureillustratingthemeans 

in the centripetalfeed trainfor maintainingthe 
power feed toWard the Work axisin both direc 
tionsof WOrkmovement, 
Fig,11 isa detail of alubricatingpump drive? 
Fig,12 is a,Schematic Wiring diagram of the 

machine and the interlockingthereof With me 
ChanicalCOntrols, 

Referring more partiCularlyto Figure l of the 
drawings,the machineincludesasubstantialbaSe 
member20,WhichSupportsarotatable WorkCar 
rier 2f anda,relatively translatable tool Carrier 
22?The WorkCarrieris mountedt0 rotate on 8 
verticalaxisinatapered bearing238ndis driven 
atits1owerend byaworm wheel24,worm25,and 
indexShaft M, 
The tool carrier 22,is mounted on Ways 2T 

for movement toward or away from the Work 
table axisand Carries On thetableSide thereof a 
Vertic8ly movable tool slide 28?On the front 
face of theSlideisan angularly adjustable head 
29 in whichis mounted,for latera translation, 
a cutter spindle supporting carriage 30?With 
relation to the axis of the W0rkspindle,the tool 
Spindle 34 may be shifted perpendicularly to 
Ward Orawayfrom the Workaxis,paralelthere 
to,and lateraly aCroSsthe axisina plane nor 
maltothe Workaxis or8tananglethereto?Var 
iousCOmbinations0f movementsbetWeenthetool 
and the workareutilizedin the Cutting of Worm 
gearsandWilbe described morefullyhereinafter? 
The toolslide 28is adjusted Verticaly on the 

Stanchion22by meansof8WormandWormwheel 
driven nut 28° and elevating screw 28°?The 
screW 28°is Secured to the slide 28 andshifts 
axially through the nut 28°8s the latteris r0 
tated,A hand Crank placed on therear endof 
the Worm Shaft 28°proVides the means for 8C? 
tuatingtheeley8tingnut?When the cutterslide 
has beenshiftedtotheproperpositionrelativeto 
the plane of the work W,the guide straps are 
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3 
?° andslde lsSecureyclampedinset po 
??QQ? 
Normaly the plvotaltool head29 assumesa 

horlzontalpositlon and clampedtotheslde28. 
Should angular adjustment of the spindle axis 
benecessaryto adapt the machineto using an 
overstzed hob,the headis unclampedfrom the 
slde8ndtheadjustingnuts29°onaweight car ?ytngbolt29°(Fig,2)arebackedofortightened 
totherebyt?t the hob axis and socorrect for 
the dferencein leadangle duetotheincreased 
diameter of the hob. 
Totherear of themachineagearcase32is 

attached and which houses and hasjournaled 
thereon,8ltheseveraltrainsofmechanismsaec essarytopropelthe hobandworkattheirproper 
relattve speeds and directions duringanormal 
toolingcycle? 
Agear caseguard32°extendsaroundtwosides 

of the gear case 32 and containsin its1ower 
most parts an ol reservoir32b?Wheneverthe 
main drive is Operating,the pump38 takes oil 
from the reservoir and dscharges it overthe gears.shafting,andmovingpartswithinthegear 
CaSe 32,andalsoto driptubes(notilustrated) 
9veyngthe changeable speed,index,feedand 
leadgearing, - 

Coolant materialis Supplied to theworkand 
Cutterfrom8 catch basinformedaboutthemain 
frame 20,by a pump(notiustrated)thatis 
Separatelydrivenbymotor20°? 
?eferringtothelinediagram Fig,4,andtothe 

QetalilustrationsFigs.5to11,inclusive,incon 
junction with Fig,3,it wilbeseenthat power 
from the matndrivemotor26entersthegearcase 
on the Operatorssideand drivesshaft Nthrough 
the multple V belt 33,A pair of connecting gears34,35,transfersthepowertoacontinuing 
shaft Owhich drivesthe hubspeedchangegear 
ing 36through bevelgears37 andshaft H,and 
also81ubricatingpump38 throughgears39, 

Cutterár?e 
The Speed Changegearing36is betweenthe 

Shaft Hand the cutter main driveshaft Jand inchudespick-ofgears40,41;42,and43,revolv 
ing On 8xes H,I,and J,The shaft Jextends 
toward the Worktable and hassplinedthereto 
8 Worm 44 that meshes with a worm gear 45 
mounted upon an angularlyadjustableshaft46. 
The Wormand worm gearandshaft just men tionedarejournaledinacasing48whichpivots 
onshaft Jandalsoslidestherealong?Theupper 
Splined portion of the shaft 46drivesthe bevel 
gears 49,Worm Shaft 50,worm 51,and worm 
Wheel52 mounted on the axis ofthe hobspindle 
34,The hob Spinde is releasably connectedto 
the Worm wheel52through flangedindexplates 
53 Sothat when using multiplethreadhobsthe 
hob may be precision indexed for each thread 
Without disturbing1ead? - 

On the toolside of the changespeedgearing 36,poweristakentorotatetheworkspindle23, 
Gears 54,55 transmit the power to ashaft K” 
Which drivesa bevelgear56thatformspart ofa 
diferentialmechandsm57,Assumingthecasing 
of the diferentialto bestationary,thegear56 
drives Spidergears 58 which inturn reversey 
drive gear 59 On the output shaft K,Index 
Change gears 60,which includes pick-of gears 
64,62,63,64,65,8nd66,and provisionforin 
Sertion of anintermediategearfor obtainingre 
Versals,conductsthepowerfromthediferental 
mechanism tothemanindexshaft Mthatcön 
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nects with worm gear 24 underyngthe work 
table? 

Feeds 

On thetable side of the index change speed 
and reversegearing 36,the tool feedng trans? 
mission takes ofits power,StBrting With bevel 
gears 67,power is conductedintoshaft S Which 
extendsacrossthe machine and drives 8 worm 68 
and worm whee 69 on shaft G,Two double 
gear sliding units 70 and 74 are mounted on 
shaft Gand transmit the power at any one of 
four rates to 8,paraliel Shaft B through Spaced 
gears72,73,74,75fxedthereon,Thefourspeeds 
ofshaft Faretransmitted to 8,shaft Ethrough 
either of two backgears 76,718nd the slidng 
unit 78 on shaft E,Shaft E tranSmits the,8 
speedstoamain feed shaft Athroughtwomore 
double-gear slidng units 79 and 80 and Spaced 
gears8!,82,83,84fixed on shaft A;the three 
serially arranged change speed mechanisms af 
fording32selective cutterfeed speedsin shaftA? 

Tanfeed Sub-transmission 
Coaxialiy related with the shaft A,8,Second 

feed shaft A”is mounted to receive the feed 
power throughafeed clutch 85at one end8nd t0 
deliverthefeed power8titsotherendto either of 
tWosub-feed transmissionsthrough a dual clutch 
mechanism 86,When the dua Clutch is in Bn 
intermedate p0sition(illustrated in Fig?4)n0 
feed power istranSmitted to the centripetalfeed 
train or to the tangentialfeed train,When the 
dual clutch86 isshiftedfrom neutralto the left 
(in Fig?4)the feed power is transmitted from 
shaft A”toshaft A””thence through bevelgears 
87,one of WhichisSplined to shaft A’”,reCutting 
clutch88,Verticalshaft89,Worm90,Worm Wheel 
91(10cated at the piVotal axis Of the he8d)to 
bevelgears 92 and 93,to the tangential feeding 
screw 9?journaled in the head 29,To provide 
for the Vertical adjustment of the toolslide28, 
the worm 90 is splined to the shaft 89,andis 
moV8ble therealong With Vertical movementS Of 
the toolside?The Upper end of the WOrm Shaft 
89 is provided With 8 Crankreceiving portion 95 
bywhichtheoperatormayshiftthe hoblateraly, 
by hand,ThefeedScreW94c08CtsWithatr8Vel 
ing nut94°Secured to the laterallymovablecut 
ter Spindle Carriage30? 

Whenthe dualciutch 86is shiftedto theright 
(in Fig,4)agear 96 thereon transmits power 
to agear 97 on shaft Bfrom whichit maybe 
directedin reverse drectionsselectivelytoshaft 
D through gears98,and99orgears100,101,and 
99,The Shaft D is the Centripetal feed screw 
Shaft Which is rotatably but non-translatabiy 
journaled tothemainframe of the machine,and 
C08ctS With a traveling nut 102 secured to the 
stanchdon 22 to feed the cutter or hob radialiy 
toward the Workaxis?When thegear 99,which 
is Splined to the screW Shaft Disshifted to an 
intermedate p0Sition(illustratedin Fig,4)the 
SCrew Shaft may berotated manually by apply 
ing B,Crankto the upper end 03of ashaft 04 
Which isgeared8t f05totheshaft D. 
The primary purpoSe of the motion restortng 

meChanism Comprising gears 98,100,101 and 
Slidinggear 99 isto render it possible to power 
feed the cutterin(toward the work axis)irre? 
Spective of the direction of operation of the 
main feed Works whose drection of operationis 
defindtey related to the drection of worktable 
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movement?Durlng the cutthng of 8,right hand 
Worm gear,the Work blankW18Fotated counter 
clockwlse(as viewed in Hg?4),and for 8,1eft 
hand gear t is rotated clockwlse?Opposte d 
Kections of Work rotation 8re obtatned8tthe?n 
dex change gear mechantsms $0 byinsertingor 
removing an idlergear(betWeen gears $3?$4) 
and Since the tool feed is taken from the Lndex 
Shaft M,areyerSalinitsmotion alsoreversesthe 
feed motion?Accordngiy,the direction restorer 
98,100,f?1,and 99 in the centifeedsub-trans 
missonis provided to matntan the driven shaft 
Dunefected by changesin drection ofitsdriver? 
In other Words,if the mainfeedgearingha81ts 
direction changed,gear arrangement 98?10? 
may be utilized to restore in the feed shaft D 
the previously existing condtton of motion? 

Döerentia?· 
AS previously mentioned,no diferentialin the 

relation of Work rotation to hob rotation is re 
quired Whenthe teeth of the wormgeararecut 
by the infeed method of hobbing,Thatisthe 
method employed herein forrough cutting the 
blank,usingthetaperedorundersizeendportion 
ofthehob,Atapered hobisusedin thepresent 
method So thatits undersize cutting edges wi1 
not mutilate or deform the teeth of the gear 
blank8sthe hobisprogressivelyfedradialyinto 
the Work,as would folow if the hob wasoffu1 
tooth depth, 
Correct and full tooth form on the blankis 

1ater obtained,however,byfeedingthehob1ater? 
aly,(after infeeding to the correct center ds 
tance),for the Cutting action then becomes a 
generating motlon instead,The latera1shifting 
of the hobintroduces 8,furtherproblem ofrec 
Oncingthe phaSe relation of the workwiththe 
hob asthe latteris bodlyshiftedinthedrection 
of its own axis,i,e,tangentialy and against 
the direction of Workrotation? 
When Cutting a right handgear with a,tan 

gentialfeed of the hob acting aganst orin op 
position to the work rotation,the efect of tan 
feedngisto accelerate beyond normaltherela 
tiVetangential motion between hobandgearand 
the action Could be likened to the action of an 
ordinary miling Cutter on the blank?To pre 
Vent Such boring action,the relation between 
feedandindex motionsmust be properly corre 
lated,In the present embodiment,correlation 
is attained by the diferential mechanism,above 
referredto,whichrespondstoefther orbothtan 
gentialfeedandindexmotions? 
AS illustrated in Fig?4,a,branch power Itne 

iStaken ofthetanfeedSub-transmissionthrough 
gears f06,107,the latter of which is1oose on 
Shaft Bandincludesa bevelgear 108,asa unit 
therewth,Thegear f08 drivesa,beve1gear 409 
0n a Shaft Pthatextends across thegear case 
9f the machineto changeable 1eadgearing110. 
The Change leadgearing,whichincludes pick 
of gears111,112,113,f14,115,116,and provi 
son forinSertion of an intermedategear(be 
tweengears 143?144)transmits the power de 
rived from thetanfeed train to awormshaft Q 
at a rate Selected by the pick-of gears used, 
And Shaft Q,through the worm 117 and worm 
Wheel 118 drives the casing of the diferentia 
mechanism 57,If theratio ofthe1eadgearing 
110 isSuchastocausethe dferentia1casingt6 
revolyeslowlyin the same direction as driving 
gear56therein,the speed of the outputshaft K 
is slightly reduced,Shaft Kis the driver for 
theWorkindextramandareductioninthespeed 
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thereof corre8pondngyreducestherate of Work 
rotation?Thusbytakingpowerforthedferen 
tla producing mechandsm of the tanfeed tran, 
the harmoniouslytimedrelation betweenthehob 
andthe biank may be maintained even though 
theoneis stmultaneously moving past the Bds 
of the 0ther, 
Thecorreiation mechanismisnot needed When 

centifeeding(infeedng the hob)and to inSure 
thatitisinactive during centifeeding,the difer? 
ential driveistaken of only the tanfeed tranS 
mission,whichis independent of the centifeed 
transmission,When cuttinggears bytheinfeed 
method only,itis necessary to Iock the difer? 
entia1out ofactionto prevent Creeping,andthat 
isdone byremovingleadgears1168nd applying 
in its place a Iead Iocking plate f16°(Fig?8)… 
The1ockingplate comprises B diSC that fts the 
shaft Qand carries a pin 116°that ftSinto a 
socketinthegearcase?Whenthelockisappled 
to the shaft,the diferential casingis Securey 
1ockedagainstrotation in either direction, 

Tanfeeöng against 2pork inde? 
Ithas been explained above,that the tangen? 

tialfeed of the hobis,in accordance With this 
invention,always against the Work rotation S0 
thatthe1ead ofthe hob does not pulthe Work… 
When setting up the machine for left or right 
handgearcuttingalthatisrequired to be done 
to obtain properworkindex motionisto add op 
remove anidlergear in the index Change Speed 
train60,andthe consequentialreverSalin motion 
atthat pointalsoreversesthe mainfeedgearing 
andthetanfeed sub-transmission?Atthe Same 
timethecorrect1eadgears 110 areinstaledWith 
orwithoutanintermediategear depending Upon 
the hand ofthegearto becut?The intermediate 
gear in the lead train is used,accordingto the 
presentsystem ofgearing,when an intermedate 
gearisusedin theindextrain?Thustheaction 
ofthediferentialmechanism ontherelativerateS 
ofrotation of the hob and the Workisthe Same 
when cuttingeither right handedgears or left 
handedgearS? 

Insettingup the machine fornew Work pieceS 
itis convenient toshift the hob laterally or ra 
diaiy by power,andso that powerShifting may 
be efectedata relatively rapid rate a Separate 
?eversiblemotor?20is provided?The motor 20 
has a,beit and chain connection f21,22 with 
the intermediate feed shaft A”,8nd When the” 
main feed clutch 85is disengaged,the traVerSe 
rnotor may be operated to propeleither of the 
twosub-feed transmissions and efect the Shift? 
ing motion at a rapid rate in either direction, 
When the power traverse is used for traversing 
thecutterstanchionin or OUtthere is,of CourSe, 
ro changeinthe phaserelation betWeen the Cut 
terandthe Work,those elements remain Station? 
ary,??owever,intraversingthe Cuttertotheleft 
orto the right,the work and cutter may be in 
meshand one or both must rotate as the Cutter 
isaxialiyadvancedor Withdrawn?Tnthepresent 
system of gearing,the harmoniouS relation be? 
tWeenthe hobandthe blankis nOt diSturbed dur? 
ingtherightorlefttrayersing movement because 
the driVeto thecompensatingdiferential mecha 
nism is efective Wheneyer the tanfeeding Sub 
transmission isir operation,and there is a back 
driVe therethrOUgh Which rotates either the CQt? 
ter orWorkor bothin timedrelationasthe Cütter 
is shi?ted laterally to clear the Work,puring 
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5 
handfeedingtotheleftorrightthe Synchronized 
relation between the hob and the blank is alS0 
maintained by Virtue of the S8me gear ConneC? 
tions? 

Controls 
The machine ofthe presentembodimentisCOn? 

troled bya,system of leversand controlsinter 
locked in a mannersuch Bsto prevent Simulta? 
neous incompatible movements?With reference 
to the main feed clutch 85(Fig,4)the spool 
thereof has two positions,neutral andengaged 
with gear.84?A clutch shifter 123tracks the 
groove inthe spoo1andis shiftable1ateraly by 
a Short lever 124mounted on a shaft 125?The 
Shaft 125isgeared at 126.to asecond shaft 121 
extending along the side of the machine,and 
which hassplinedthereto anactuating1ever 128. 
The leyer 128 is mounted between flanges of a 
bracket f29 mounted to the side of the moyable 
Carrier 22?The 1ever 128 extendsgeneraly ver 
tically and when it is rocked outwardy(away 
from the machine),the clutch 85 engages?the 
poWerfeed? 
With referenceto the dualclutch 86,asimilar 

Shifter f32 tracks a,groove in the spoolthereof 
andis shifted laterally by ashort 1ever 328 on 
a shaft 433,The shaft f33 isgeared at 134to 
8 shaft 135Which also extendsthroughthetrav 
eling bracket 129,A1ever 136issplined tothe 
shaft f358nd traVelstherealongasthe carrier22 
shifts,Lever ?36,however,has three positions, 
tanfeed poSition,neutral position,and centifeed 
position?When the lever is ifted to its upper 
mOSt p0sition,the clutch 86isengaged withgear 
?6 and the tanfeed transmission is operative, 
andwhenthe leyer 36? rocked toits1owermost 
position the clutch engages withgear97andthe 
centifeedtrainisoperative,Springactuatedde 
tent means,indicatedat 139 are providedto hold 
the clutch in each of its positions? 
Theshifting of the slidinggear99 isefected 

manualy by means of agear straddlingshoe998 
Securedto anaxialyshiftableshaft99b,theouter 
end99°of whichis knurled toprovideasuitable 
handgrip portion? 
E8Chof thethreeserialiyarrangedfeedchange 

mechanisms hasits owngear shift1ever,Gears 
70??? of the first Series may be broughtselec? 
tiVely into mesh by lever ?0°operating through 
axially shiftableguide rods 70°andgear strad? 
dling Shoes 70° and T0° Spaced thereon?Back 
gear Unit ?8,forming part of the second Series, 
is Straddled by ashoe ?8b operatedfroma,baled 
leyer ?8°?Andgear Units 9 and80 of thethird 
Seriesarearranged foraxialshiftingselectivey 
to foUr diferent positions by means of 1ever 80° 
andgear straddlingshoes8°and 80°Whichare 
mounted and guided simiar to the shifters of 
the first Series? · 

"o the foregoingm8chine structurethere may 
beadded varioustypes of mechanica1trip mech 
aniSms andinterlocks to facitateagear cutting 
Operation and for the purpose of ilustration 
thereis herein disclosedaspecies of trip mecha 
niSm thatis more fuly describedin a copending 
application of Granger Davenport,Serial No. 
410.491,filed of even date herewith, 
The operation of the main motor 26is con 

trolied by a magnetic Starter MS,whereas,the 
rapid traverSe motor 20is controlled bya re 
Versing magnetic Starter RMS??ach starteris 
of Standard Conventional construction and in? 



6 
cludescols1,and2and3,respectvely,for &ctu? 
atingthemanswtches?Referdngtg the c9°~ 
trolctrcuttforthemandrive motor 26(Hg?12) 
thepush button startng8wtch ST”is normaly 
openandwhenpressedwu close8ctrcutt across 
thecol11whichafectsclostngofthemanswitch 
contacts4ofthestartingpanel,Stmultaneously 
aholdngcircuitisestablshedaroundthe start 
ingswitchsothattmmedaterelease of the but 
ton ST doesnotstopthemotor,Thecontroljust 
explatned is efective provided al of the other 
8eries connectedswitche88hown in the diagram 
are in their closed position ilustrated?In the 
circuit ahead of the starting Switch there ls 8 
double pole double throw switch marked“mch” 
th8tisutizedtoinchthetoolcarrier8fromp08t 
tion to position?The Tnch push button Switch 
hasonepairofits contactsconnected aroundthe 
startingswitch ST and its other and normaly 
closedpairinseries therewith,sothatthe press 
ing of the buttontoinch thetoolcarrier in or 
out,Ieft orright,breaksthectrcuitto the start 
ingswitchaswel18stothe holdngcircuit?Thus 
themotor26wu1runsolongasthe Inch switch 
18held depreSSed? - , 

Just ahead of the inching switch the man 
stop switch SPisseriallyconnected whichwhen 
depressed will also break the starting swdtch 
holdng circuit and the motor 8topS?In8eries 
ahe8d0f thestop Switch SP there8re four Ser 
ialyconnectedinterlockingswitches(whichwl 
Iater be explained)andin serie88head of thoSe 
8re threemicroswitches TLF,T?R,8ndCP,re 
spectively,The micro switch C°1sthe switch 
thatis carried bythemovablestanchion 22 and 
8rranged to be actu8ted bythe abutment 13T On 
therod controlingthedua1clutch86?Assuming 
8Hof the Seriesswitches inthiscircuit8re closed 
and the cutter is centifeedng,the power move? 
ment continues untilthe switch C°is eng8ged 
by the abutment 13T and opened thereby??m 
medatelythecircuittothe magnetic Coi11of the 
startingSwitch is broken8ndthe powerfeedim 
mediatelystops,The setthng of the ubutment 
137 is,it will be understood,a,precislon settlng 
S0that the Cutter wilstop infeedng8t the pre 
cisecenter distancerequtred? - 
Whenthe machine is8rrangedfortanfeedng 

the cutter,the centifeedswitch CR°wilbe closed 
(bythe rocking of abutment 13? of the switch 
button which movement throws clutch 86 over 
toitstanfeedingside)andstop switch T?Land 
TFR controf the stopping of the tanfeedng 
movement left 8nd tanfeedng movement right, 
respectively,The switches TFT,and TFR,are 
mountedin the pivotal head29 on opposttestdes 
of8 shortactuating1ever 15?,Arod #5f Which 
passesthrough the lateralymoV8bleCutterslde 
$@ Connects with the lever 15ö and has mounted 
for adjustment thereon two dogs #52,one 8t 
either side of the side?By appropriatety Set 
thngthe dogs 152,the öangentialfeedng motion 
imparted to the side may be stopped at the 
completion of the Cut in either drection o? 
traVel? 

Also carried bythetrBVeling slde is8,pointer 
?53 Which in Cooperation With One or more8d 
justable points 1?? may be used to provide 8 
Visualindication of the Zone of beginning or of 
finishing of the actualtooHng operatton?This 
indicating means may be used as aguide for 
example,to aid in hand traversing or power 
traversingtoselected intermediate point where 
the powerfeedisto be engagedfortherematn 
der of the later8l movement. - 
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The four 8erl&ly arranged 8Wdtch88that are 
in the8t8rtingctrCudt for the man motor(&b0Ve 
mentioned)form part of the double pole double 
throw push button8Witche8hn the controlclrcult 
of thereversiblerapidtraversemotor 120?With 
reference to the lower p8rt of B?g?12,the re 
Verstble motor startng SWitch is proWided Wtth 
two8olenoids2and3(illustratedindottedlnes), 
the formerforactuatingtheforwardswitchand 
the latter for8ctuatingthereverse switch of the 
motor?In8Smuch 88the traverse motor 18u8ed 
to propelthe Cutter tangentialyto the right or 
to the left atarapid rate or in orout at a,rapid 
rate,two Sets of controls therefore are provided, 
Porthetangentatraverse contro thereis a 
push button Switch RT”Connected in 8,Control 
circutt for the reVerse 80knoid38nd8,8econd 
push button switch LT connectedin thecircuit 
to the forward Solenoid 2,Tn each of the 8ole 
noid controlcircuits there i88lso a,limdt switch 
TTR andTTL,respectively,both of Whichnor 
mally8re cloSed,ASSumtngthe circuit?s other 
wisecomplete up tothe push buttons RT”or LT 
the pressing of one of those buttons wl cause 
motor Operationinthe forwardorreverse drec 
tion So long as the button is held depressed 
andthe cutterside Wilbe propelled?otheright 
ortothe left accordngy,If theoperator holds 
the button depreSSed too long the cutter slde 
Wilengage One of the dogs 1528ndthen shdft 
the rod f51 and1ever 150 which1ever engages 
one of the switches TTR or TTT (mounted tn 
the Cutter head)dependng upon the drection 
0f traVel,thus Opening the motor controlcircuit 
8ndstoppingthe power traVerse? 
m a similar manner push button switches 

marked“In”and“Out”and seriallyconnected 
Stanchion traVerSe limit switches STTand 8TO 
are in 8,paralel circuit and also control the 
forWard and reVerse Solenoids of the reVersible 
magnetic starter RMS,Again 8SSuming all of 
the Switches of the stanchion traVersing control 
crcuituptothernand Outbuttonsareclosed, 
"the preSSing of One of the bUttons Wil CBUSe 
the stanchion to be propeled in or out as the 
casemaybe?Whenthe stanchion hasreacheda 
predetermined imit of traVelineither direction 
one of the normaly closedswitchesST[or STO 
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iseng8ged bythestanchion and openedandthe 
circuittothestartingpanelRMSisopened and 
thetraversestops, 
Allofthepushbuttonswitches RT,LT,In,and 

Out are in Series with 8 single switch PFL 
Which is mech8nically interlocked or controlled 
bythe powerfeedlever f23in suchmannerth8t 
when the leyer is rocked t08,position engagtng 
the power feed clutch 85 the switch PEL is 
Opened and the rapid traVerse motor 420 can 
not be Started by preSSingany of the push but 
tonsRT,??T,etc?When,however,the powerfeed 
control lever ?28 is rocked to a position dsen 
gaging the clutch 85,the switch PFL is closed 
and the powertraverse motor may be operated? 
Although two sets of Control buttons for the 

nower traverse motor Bre provided,one Set for 
the Cutter traverse right and left,andthe other 
setforcuttertraverseinorout,thetwosetsare 
neyer aVailable for concurrent operation,To 
prevent confusion in this respect a Selector 
switch ITLisconnectedinseries with the Switch 
PFLand arranged to connect one orthe other 
of the two sets of traverse motor control but 
tons with the main power line,The Selector 
switch ITT,isalsointerlocked With theinfeeding 
andt8nfeedng controllever f36in Such manner 





8 2.374,254 
Thepowerfeedgnowtangentialy of the Work, 

andalwaystn8,drection opp08edtothe Workro 
tation irrespective of the drection of Workrot8 
tion,this relation betng automaticaly obtalned 
bythe present system of?ea?ng whenthe ma 
chine is initially set up for the work tn hand? 
?encenothingneed be done when shifttngfrom 
centifeedtotanfeed when Cuttingeitherright or 
1eft handgears exceptthroWthe Controllever436 
andstartthemachine,Thetangentialfeedcon 
tinuesoperatinguntfltheslidereachesthepreset 
dog152and actuates one of the Hmit Switches TFLorT?R,TmmedatelythemachtnestopSand 
the finishedgearis removed, 
Withoutfurther analysis,the foregoing wil80 

fulyrevealthegist ofthisinventionthat others 
can,byapplyingcurrent knowledge,ready8dapt 
itforvariousutilizations byretainingone ormore 
of thefeatures that,from the standpoint of the 
prior art,fary constitute essential character 
istics ofeither thegeneric or specfic aSpects of 
this invention and,therefore,such adaptations 
should be,8ndare tntended to be,comprehended 
within the meaning andrange of equiv8lency of 
thefollowingclams: · 
Havingthus revealedthisinvention,Tclaim as 

new and destretosecure the folowing combina 
tions and elements,or equivalents thereof,by 
Letters Patent of the UnitedState82 
,1,A hobbingmachine for cuttingleft or right 
handedwormgearsbythetangentialfeedmethod 
comprisingrotatable workand tool carriers,8 
work rotating transmission and 8,tool rotating 

30 

transmission connected to 8 common source of“ 
power,8,third transmission for efecting feed 
movement of one of88id Carriers rel8tive t0the 
other in 8 drection tangent to the work 8xis 
andopposed to the direction of rolof the blank, 
said third transmission being Connected to and 
receivingpower of Said work rotatingtransmis 
sionsoth8t therate of feedis drectlyrelated to 
workrotations;meansforefectingsimultaneous 
reyersals in Said feed 8nd Said Work rotating 
transmissions therebyto maintain the drection 
of feed opposed to theroll of the Work for both 
right8ndlefth8ndgear CUtting? 
2,A machine for generating left or right 

handed teeth on 8,Wormgear Wheel blank com 
bining a,rotatable carrier adapted to mount a 
work blank;8,rotatably mounted hob arranged 
in.cooperative relation With the Work blank; 
power means includng a reversing mechanism 
forrotatingthe blankCarrier SelectiVelyin opp0 
site directions8ccordingto the hand of thegear 
to be cut;electivey available meansforefect? 
ingrelative feedmovements betWeenthe hob and 
the work blank selectively radialiy inwardy of 
the blankandtangentially of the blankin oppo 
sité directions,comprising a centripetal feed 
train of mechaniSmS8nda,tangentialfeed train 
of mechanisms,both of saidtwotrains of feed 
mech8nismsbeingconnectedtos8id power means 
at8,point therein beyOndthe reVersing mechan? 
ism for the blank Carrier;and means in One of 
saidtwo trains offeed mechanismsforefecting 
reversalsindirection ofthefeedmotionimparted 
therethrough independenty of the drection of” 
rotation ofthe Work blankandofthe drection of 
feed motion that may be imparted to the other 
of S8id feed trains ConSequent Upon 8,change 
in the direCtion of rotation of the Work Carrier? 
3,A gear generator Combining a,Work Car? 

rier;8 hob carrier;power meanstorotate the 
carriersin synchronism;atransmission connect 
edwith thepower means forshftngthe axis 
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of one of the Carrier8towardthe other 8t &feed 
rate;8nother tran8misslon connected With8add 
power meansforshdftingone ofthe carrier8rela 
tlve to the other in 8,transversedrection;amo 
tlon reverser tn the Work carrierrotating power 
me8n8forelectiveyreversingrotation ofthecar? 
rier in 8ccordance with the hand of the worm 
gear to be Cut and Slmultaneouslythe drection 
offeed motion of Saidtwo carriershdftingtrans 
missions;and motion direction restoringmeans 
in the tranSmission for shiftingthe axis ofone 
Carrier toward the other operative to matntan 
the drection ofthefeed movementinatoong drectionirrespective of8 changeinthedrection 
0f Work carrierrotation, - 
4·A machinefor cutting1eft orrighthand 

Wormgearscombintng8rotatablecarrieradapted 
toSupportaWorkblank;8rotatablehob 8dBpted 
toperform thetoohng operation ontheblänk; ?Powertransmlssionmechanismforrotatingthé 
?9b?8°d the blank synchronousy;reve?shg ?eBnsfors8ldWorkrotatingtransmission;afr? feedtransmisslonforefectingrelativemovemenö 
?t Bfeed rate between the hoband blankina 
drecton radaly inwardy of the 1atterand8 
Second feed transmission for efectingrelative 
m0Vementatafeedratebetweenthehobandthe blankinadrectiontangentialy oftheblankana Blwaysagainsttherotationthereof,saidtwofeed 
?ansmissons being connected toreceive power 
from Sald Workrotatingtransmissionata potnt 
bByondthemotionreversingmeansincorporated 
therem;clutchmeans commontosaidtwofeed 
transmissions adapted when actuated to drect thepower Selectivelythroughoneortheotherof 
twotransmissions,andadditional independently 9perablereversingmeansintheradalfeedtrans 
misslonatapointinthe drivebeyondsadclutch 
for maintainingthe feed motion alwaystoward 
the workaxisirrespective ofthe drection ofmo-” 
tonimparted throughsad clutch;andasingle 
manualyoperableleverforactuatingsadclutch 
Selectivelyto aposition operativeto efect p0Wer 
feed movements ofthe hobtowardthewor?axis ortangentialythereofinadirectionagainstthe 
Pol9ftheWorkwhencuttinggearsofeitherright 
handorlefthand? 
5·AW9rmgeargeneratingmachinecombining 

a rotatable carrier adapted to mount a wor? blank;arotatabymounted hobarrangedinco 
9perativerelation with the work blank;amain transmissionincludingareversingmechanismfor 
r9tatingthe Carrierselectiveyin oppositedrec 
tions;a Sub-transmission connected with the 
mantransmission forefectingrelative mcye 
mentatafeedratebetweenthehobandthework blankradalyandtangentialy ofthe blankse 
lectivey,comprisingacentripeta1feedtran of 
mechanismandatangentialfeedtrain ofmech 
Bnism,aClutchmechanism commontosaidtwo 
feed trains operativeto connect thefeed power 
electivelywithone ofsaidtrainsandautomatical 
yto disconnect the feed powerfromthe 0ther; 
andmeansinoneofsaidtwofeedtrainsofmech Bnisms for unidirectionalizingthe feed motion impartedtherethroughirrespective ofthedreg? 
tion of carrierrotationorofthedirectionoffeed ?at may beimpartedthroughtheother ofsaid 
trans as a result of a changein drecton of 
Carrierrotation. - 

5,AWormgearcuttingmachineadaptedtocut 
either right or left hand gears Combining a 
P9tatable carrier adapted to support a work 
blank arotatable hobadapted toperformüe 
toolng operation onthe blank;powertransmis 
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sionmechanisms forrotating the hob and biank synchronously;reversingmeansforthesadwork 
rotating transmiSSiOn;8 frst Sub-transmission 
for efecting relative movement at 8,feed rate 
betweenthe hoband blankinadirectionradally 
of the latter Bnd 8 SeCOnd Sub-transmission for 
efectingrelativemOVementat8feedrate betWeen 
the hobandthe blankina directiontangentially 
of the blank8nd alW8yS Opp0Sed to the r0tation 
thereof;Said two Sub-tranSmissions being con 
nected t0 receive p0Wer from SaidWork rotating 
transmission at 8,point beyond the motion re 
versing meansincorporatedtherein;Separatein 
dependently operable means in theradial feed sub-transmissionoperativetomantaintheradial 
feed motionimparted therethroughin a tooling 
drectionirrespective of the direction of motion 
imparted to the work carrier;and_manualy 
operable clutch means Common toSaidtwo Sub? 
transmissionsfor directingthe feed p0Wer SeleC? 
tivelythroughonesub-tranSmission orthe other? 
7,A worm gear wheel generating machine 

combiningarotatable carrier adapted to mount 
aworkblank,arotatablymounted hobarranged 
in cooperative relation with the work blank; electivelyavaiablereversiblemeansforefecting 
relativefeed movement between the hob andthe 
workblankselectiveyradaly andtangentaly 
ofthe blank,comprisinga Centripetalfeed train 
of mechanism and atangential feed train of 
mechanism,asource offeed power common to 
both ofsaidtwofeedtrains,a clutch mechanism 
at thejuncture of said two trains and the Said 
powersource operative automaticalyto dScon? 
nect thefeedpowerfrom the one when connect? 
ingthe powerto the other of Said feed trains; 
and means in one of Said two feed trainS Of 
mechanisms at a point therein Situate beyond 
said clutchinthe direction of the fow of power 
therethrough,operative to maintain the drec? 
tion of thefeed motion imparted therethrough 
unidrectionalirrespective ofthe direction offeed 
motionthatmaybeimpartedthroughsaidClutch 
totheotherofsaidtrains? 8?Awormgearcuttingmachineadaptedto Cut 
1eftorrighthandedgearsbythetangentialfeed 
ing method and in which the blank rotationis 
opposedtothetangential movement betweenthe 
hobandthe blank when Cuttingagear of either 
hand comprising a,rotatable Work blank Car? 
rier,a,rotatable hob carrier,power means for 
rotatingsaid carriersin harmoniouS relation in? 
cludinga hob carrier drivetrain and a branch? 
ingreversible work carrier drivetrain,afeeding 
transmission connected with Said branch Work 
carrier drive train for efectingrelative move? 
ment between said carriers lateraly at 8,feed 

,ingratebased uponrevolutions of the WOrkCar? 
rier,81eadcorrelatingtrain connected with Said 
feedingtrainand with Said branch WorkCarrier 
drive train for modfying the rate of efective 
action of the 1atter train in proportion torate 
of the lateralfeed movement betWeen the Car? 
riers during the progress of the tooling,and 
means operative to maintain the relative rateS 
and drectional relations of the movements of 
said carriers the Same irrespective of the hand 
of thegearto be cut? 
9?AWormgearcuttingmachineadaptedtoCut 

1eftorright handedgearsbythetangentialfeed? 
ing method andin which the blank rotation is 
opposedtothetangential movement betweenthe 
hoband the blank when cuttinggears of either 
hand comprisingarotatable work blankCarrier, 
arotatable hob carrier,meansfor shiftingthe 
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9 
hob c8rrier in the drection of it88xis of rota 
tion andtangentially relative to the axis of the 
Work carrier;power meansforrotatingsaid car 
riersin harmoniousrelationincludinga hob car 
rier drlve train and a,reVersible Work Carrier 
drive tr8in branching therefrom;a,hob tan 
gentialfeeding tranSmission connected withsaid 
branch Work c?rrier drive train constructedand 
arranged tofeedthe hob laterallyataratebased 
upon revolutions of the Work carrier andin a 
direction oppoSed to the roll of the blankirre 
spective of the direction of work blankrotation; 
81eadCorrelatingtrain connectedwithsaidfeed 
ingtranSmiSSion and With Said branchworkcar 
rier drive train f0r modifying the rate ofrota 
tion of the Work Carrier to compensate for the 
tangentialfeed movement of the hobrelative to 
the blankduringtheprogressofthetooling,and 
addtional means for maintainingthe action of 
Saidlead correlatingtrainontherate ofrotation 
of the work carrier compatible with a,feed of 
the hobagainst therotation ofthework,ineach 
direction Ofrotation oftheworkcarrier? 
10?A hobbing machine for cuttingeither1eft 

Orright handed Wormgears witha,feed against 
therotation of the blankcomprisingarotatable 
Work Carrier and arotatabletool carrier,awork rotatingtranSmiSSion andatoolrotatingtrans 
niSSion Connectedto a common Source of power, 
athirdtranSmission forefectingfeed movement 
Of One of Sald Carriers relative to the otherina 
directiontangenttothe workaxisandopposedto 
the direction ofrolofthe blank,saidthirdtrans 
mission being connected to and receiving power 
0f Said Workrotatingtransmissionsothatthe 
rate offeedisdirectyrelatedtoworkrotations; 
8 lead CompenSatingtransmission connected be 
tween said Work rotating tranSmission and said 
feedtranSmissionformodifyingtherate ofaction 
of the Workrotatingtransmissiontocompensate 
for the tangential movement between the tool” 
and the Work;means for efecting reversals in 
Said feed tranSmission,in Said Work rotating 
tranSmission and in Said lead compensating 
tranSmission for maintaining Said relativerates 
and the Said directional relations between the 
Work andthetoolthesame for both 1eft and 
right hand gear cutting? 
11?A Worm gear cutting machine adapted 

SelectiVeytofinish cutleft orright handedgears 
by the tangential feeding method combining a 
rotatable WorkblankCarrier,8rotatableand lat 
eralyshiftable hob carrier,power meansforro 
tatingsaidcarriersinharmoniousreiationinclud 
inga hob drivetrainand8Workindexdrivetrain, 
8 hob feedng tranSmission Connected With said indextrainforimpartinganaxialfeedmovement 
to the hob at a rate based upon revolutions of 
the Work carrier,S8id feed transmission includ 
inga clutch,8leadcorrelatingtrainconnectedon 
thetoolside ofsaid clutchwithsaid hobfeeding 
transmission andWithSaidindextrain fordifer 
entialymodfyingtherate of Bction of theindex 
train to compensate for the lateral feed of the 
hob relative to the Work during the progress of 
the tooing,means operabletoreverSe said feed 
tranSmission and said indeXtrain ColectiVely, 
Imeans for maintainingtherate modifying action 
of Said le8d Correlatingtrain compatible With a 
feedagainst the Workrotationirrespective of the 
drection of Work rotation,and manualy Oper 
able meansfor feedingthe hob tangentiallyand 
ConCurrentypreSerWingthe harmoniousrelation 
betWeen the thread of the hob andthe Work? 
12,A Worm gear cutting machine for cutting 



?O 
ether1eft orright handedWorm gears bytan 
genttalyfeedngthecutteragansttheWorkrota 
?onforeach hand of geartobe cut comprlstng 
arotatable work carrier 8nd8 rotatable cutter carrier,aworkrotatngtransmlsionand&cutter 
rotattngtransmisslon connected t088ource9f 
power,athird transmisson also connected t9 
Sadsource ofpowerforefectingfeed movement 
ofsadcutter carrierrelative tothe Workcarder 
inadrection tangent to the Work 8xls and op 
postetothe drecton of rotaton of the blank, ä1eaddeterminingtransmisslon includng8 df? 
ferentialmechanismoperativeyconnectedacroSS 
said work rotattng transmisslon and 8ald feed 
transmlssionformaking&correctoninther8te 
of Work rotation to compens8te for the lateral 
feedofthecutter,meansforefectingreversalsin 
sadfeedandinsaidWorkrotatingtransmlsstons 
therebymantatningsaddrectionalrelatonsthe 
same forbothright8ndleft handgear Cutting; 
aclutchmechanismtnterposedinsadfeedtrans 
missionaheadof saddleaddetermintngtransmls 
slonfordsconnectingthefeedtransmisslonfrom 
sad powersource;andmanualyoperable means 
connected tothe feed transmisslon on the tool 
side of said clutch for operattng 8ald feed and 
1ead determining transmlsslon8.8tmultaneously 
by handtherebypreservingthe harmondous re 
1ation between the Cutter and the Work durtng 
handfeedngoperatlons? - - 

13?A worm gear cutting machine combining 
8,rotatable carrier Bdapted to Support 8 Work 
blank;8,rotatable hob adapted to perform the 
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tooling operation on the blank;8 power trans-? 
misslonforrotatingthe hob8nd blanksynchro 35 
nously including 8,speed change mechandsm … 
common to both of sad rotattng transmlsslon& 
and8 combined change of Speed and reverstng 
meansforbutone of Saidrotatingtransmisslon8; 

9874984 
tloned power means &lsooperatng through &&ld 
lead Compensattng me&n8to pre8erve the phase 
relatlon between the hob and the work durtng theperlodthehobisbelngtangentlalytravereed, 
15?The Combinatlonset forthinclatm14char 

&ctertzed bythe proylslon of mean8forrendertng 
One of 88id power means inefective when the 
otherof8aldpowermeansisoperative? 
16,AWorm gear hobbing machtneforcutting 

right or left hand gears combining a,rotatable 
Work carder and a rotatable hob carrier,man 
power means forrotating sald carrlers in syn 
chrondsm,feed means connected to 8add man 
power means.for shtfting the hob carrler elec 
tiveyradaly oftheWorkandtangentialythere 
totn &ccordance With the hand of thegeartobe 
Cut,Control means for 88ld elective feed means, 
& matnfeed clutch commontosaldelectivefeed 
means operattve to dsconnect the same from 
88dd matnpower means;an auxlary source of 
p0Wer COnnected to Operate 8ad elective feed 
meang for traversing sald hob carrier electively 
radaly and tangentialy and in reverse drec 
tons,Control means for 88ld man clutch-and 
for Sald8uxlary Source of power,8ndmeanstn 
terlockingSaidcontrolmeanstorenderonepower 
mean8inefective topropelthe hob carrierwhen 
theotherpowermeansisoperative? 
17:The combnationset forthin clam16tn 

Cludng means for relatingthe drection of mo 
tion delvered by Sad auxlary source to 8ad 
feed meansinharmonywith the drection ofthe 
p0Wer feed When Cutting either right hand or 
left handgears, 
18?The combtnation of clam16includngin 

dependenty operablemeansin one of8adelec 
tivefeed meansfor unidrectionaizingthe power 
feed for both right and 1eft handgear cutttng 
8etup8;8nd an interlockbetween sad tndepend 

a frst sub-transmission for e?ecting relattve 40enty operablemeans andthe controlmeansfor 
movement 8t 8 feed rate between the hob and 
blankin 8 drection radaly of the latter and 
8,second Sub-transmission for efecting relattve 
movement at a,feed rate between the hob and 
the blankin8drectiontangentialy of the blank, 
said two sub-transmissions belng Connected to 
receive power fromsald power transmisslon 8t 
8,polnt thereof beyond the motlon reyerstng 
meansincorporated thereln;8nd separate tnde 
Pendently operable reversing meansin theradal 
feed sub-transmisslon operative to matntatnthe 
feed motiontherein undrectional hrrespective of 
8 change tn the drection of motlon efected &t 
sadd frst mentioned changespeed andreverstng 
YQ88?$? 
14?Tn 8 Wormgear hobbing machinethe Com? 

btnatlonof8 workblankrotattngtraln of mech? 
anisms,8 hob rotattngtratn.of mechanisms,and 
man power means common to both trans for 
rot&thng the work and hob in thmed rel&tion,8 
hobfeedngtrain of mechandsm&arrangedtofeed 
the hob tangentialy of the Work and adapted 
torecefvefeed power of SaidWorkrotattngtratn 
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of mechanisms,Iead Compen88ting means Con?? 
nected across said Workrotating and 8ald hob 
feedng tratns of mechanisms for synchfontzing 
the hob and Work rot8tlon8With the tangential 
feed motton Impartedto the hob,8,feedclutchin 
88ddfeed tratn of mechandsms8headof88ddlead 
COmpen88ttng me8nsCOnnectionfordsCOnnecttng 
the feed train from the power While preserving 

70 

thephaserelation betweenthehobandthework, 
8nd &uxiary poWer me8n80perattve &ub8equent 
tothe opentng of88ld feed clutch fortravergtng 
the bob tangentaly of the Work,88ld188t men 

88ki auxlarypowersourcefor harmontzingthe 
drection of traverse motion imparted thereby 
wth the drecton of the powerfeed foreach handofgeartobecut, 
19?A m&chine tool embodying a,reversible 

Work carrierand8 toolcarrier,powermean8for 
8ctuating one of the carriers to efect thetool 
ing Operation;meansforefecting8 feedmove 
nent of one of Said carriersrelative totheother 
electiveyin transverse planes and in opposite 
drections tneach plane;88econdand8eparate 
means for traVersingSald one carrierrelative to 
the otherelectivelyin transverseplane8andalso 
?electivey?opposte drectonsineachof sad 
transverseplanes;controlmeans forthecarrier 
feed means;controlmean8forthe carrier trav 
ersing me8ns;8nd means for efecting carrier 
movement by but One of s8id carrier moving 
me&n88t8ny Onetime? 
20,The combination set forth in claim 191n 

cludng means for correlating drections of mo 
tlon imparted to the Carrier by the traversing 
rneans With thedirection of motion imparted to 
the carrier by Said feed meansfor any&elected 
cycle of machine operation? 
21?Amachine tool comblning8 member to be 

driven in transverse drections,8,transmisston 
includng 8,mechanical reversing mean8 for 
drivingthe member electivey operable in oppo 
8ite directions in one of Sald transverse drec 
tons,8nother transmisslon electtvely operable 
torecelvepower through8ald mechandcalrevers 
ing me8ns for driving8ald member electively tn 
opposite drectionsin another of8ald trangyerge 
drectionstncludngthereln 8 drection regtortng 
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device forreversingthe efective action of Said 
mechanicalreversingmeansonthe drections of 
movement of the member when driven by the 
Second named transmission,said second tranS? 
mission beingadapted to drivesaidmemberina 
given direction irrespective of the direction of 
power flow previously determined bythe Setting 
ofsaidreversingmeans,andmeansforrendering 
but one of saidtransmissionsefectivet0propel 
Said memberatanyonetime? 
22.Amachinetoolcombining8 memberto be 

driven in transverse directions,a tranSmiSSion 
includingamechanicaireversingmeansfor driV 
ingthe member electivey operable in opposite 
directionsin one of saidtransverse drections? 
another transmission electively operable t0 re? 
ceive power through said mechanical reVersing 
meansfor drivingsaid member electivey in Op 
posite drections in another Of Said tranSVerSe 
directions including therein 8 direction restOr 
ing device for reversing the efective action of 
said mechanical reversing meanS On the direC 
tions of movement of the member when driveh 
by the second named tranSmiSSion,Said seCOnd 
transmission being Constructed8nd8rranged t0 
receive power through said mechanical reverSer 
and adapted t0 driVe Said member in 8,giVen 
direction irrespective of the direction of p0Wer 
fow previously determined bythe setting of Said 
reversing means, - 

23. Power transmission means for propelling 
an eiement combining a main power source; 
power tranSmitting COnnectionS betWeen Said 
source and the element to be propelled for pro 
pelingsameincludingtworeversingmechanisms 
connectedinseries,8,selectively OperableseCOnd 
powersource connectedintoSaid powertranSmit 
tingconnections at8,point betWeensaidtW0 re 
Versing mechanisms whereby Saidelement to be 
?ropelledis propeledin a direction determined 
bythe position of one of Said reversing mech? 
anisms When activated by Said Second power 
source,andina directiondetermined bythe poSi 
tion of both of Said reversing mechanisms when 
activated bySaid main power Source? 
24?A power transmission for propelling ele? 

ments ofamachinetoolcombiningamansource 
of poweranda first train of connectionsthere 
from to one element of the machine;8,Second 
train of connections branching from said first 
trainandleadingto another element of the ma 
chine;motion reversing means in Said Second 
train;anda,third train of connections branch? ingfromsaidsecondtrainatapoint beyondsaid 
reversingmeansand1eadingto another element 
of themachine;motion reversing means alS0in 
said third train,said first mentioned reversing 
meansbeing operativeto change the direction of 
motion in the trains1eadingtoSaid Second and 
third elements,and said Second mentioned re? 
versing means being operative to Control the 
direction of motion in the train to Said third 
element irrespective of the prepositioning of 
Said first mentioned reVersing meanS? 
25?The combination of claim 24,character 

ized bythe provision of afourth train of mech? 
anisms branching from Said third train at a 
point between said tworeversing means Sothat 
the direction of motion in the last mentioned 
trancorrespondsataltimes with the direction 
of motion resulting in said second mentioned 
train? 
26.A power transmission for a machine took 

combining a source of power and a train of 
power transmitting connections between Sad 
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Source and anelement ofthemachinetobepro 
peled thereby;adiferentia1mechanismin said 
Connections inchudinga rotatable but normally 
stationary dferentialhousing,8secondtrain of 
Powertransmitting connections branchingfrom 
Sadfrsttranatapoint beyondsaiddferentia1 
mechanism andincludingaselector clutch;two 
Subtrains of connectionseachadaptedtoreceive 
p0Wer Selectively through Said selector clutch 
8nd each being connected topropelan element’ ofthemachinetool;andpowertransmittingcon 
nections between one ofsaidsubtrainsandsaid dferentialcasingforactuatingthe1atterwhen 
ever Said Selector clutchis positioned torender 
the respective Subtrain efective,thereby auto 
maticalyto efect a modificationinthe driveto 
Sald frst mentioned element whenever one of 

,Said Subtransis rendered efective and a2ero 
20 

modfc8tionin the drivetosaid first mentioned 
element Whenever the other of sadsubtrainsis 
renderedeffectiVe? 
27,The Combin8tion set forth in claim 26 

c?racterized bytheinclusion of motion revers 
ing means in the connections between thesaid 
Subtrain and Said diferential housing operable toefectsaidmodificationselectivelyadditivelyor 
SubtractivelyatWill. - 
28?A p0Wer tranSmission for 8 machine tool 

Combining8 Source of powerandatrainofpower 
transmittingconnectionsbetweensaidsourceand 
an element Of the machineto be propelledthere 
by;8 diferential mechanisminsaid connections 
includngarotatablebutnormalystationarydf 
ferentialhousing;8Secondtrain of powertrans 
mitting connections branching from said first 
train and including 8,Selector clutch;two sub 
trains Of COnnections each adapted t0 receive 
P0WerselectiVelythrough Saidselector clutchand 
each beingconnected topropel anelement ofthe 

?? maChine t001;and power transmitting connec 
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tlons between one of Said subtrains and said 
diferential casing including 8,non-reversible 
Worm and worm wheel drive for actuating the 
latter Whenever Said Selector clutchis positioned torendertherespectivesubtrainefective,there 
by Butomaticalyto efect a modification·in the 
drive to Said first mentioned element whenever 
one of Said subtrains is rendered efective,and 
locking of the Casing of the diferential and8 
2ero modfic8tion in the drive t0saidfirst men 
tioned element whenever the other ofsaidsub 
trainsisrenderedefective? ,“ 
29?A machine tool tranSmission combining a 

tool drivetrain,aworkdrivetrain,andafeed 
drive train Connected in parallel to a,common 
Source of p0Wer,8,first Speed changemechanism 
betweensaid Source and Saidthree drivetrains, 
8 Second speed ch8nge mechanism betweenthe 
tool drive train 8ndthe Work andthefeeddrive 
trahQs,8,thirdspeed change mechanism between 
sahd work drive train andthe said feed train, 
each of the respective drivetrainsthereby being 
Subjected to the efects of the speed change 
mechanisms ahead of and in series therewith, 
and motion reversing means in the Said work 
drive train betWeen the tooldrive train andthe 
feed traintake of forefectingsimultaneousre 
Versals of motion in Said Work 8nd said feed 
trainsindependenty ofthe direction ofmotionin 
S8idt00ldriVetrain, - 
30.Amachinetooltransmission combininga 

first drivetrain,8Seconddrivetrain,andathird 
drive train connectedin paralelto a unidirec 
tional common Source of power,8,first speed 
Change mechandsm betWeen Saidsource of power 



12 
andthe three drtve trans connected therewith, 
8,8econd8erle8Connected8peed change mech8 
nisms between88id frst drtve tran andthe re 
mantngtwo,and8 third8erle8connected speed 
change mechantsm betWeen the first two drive ? 
trains and theremainingthird drive train,each 
of8aidthree drive train8thereby being driven 
atarate determinedbythe Speedchangemecha 
nisms ahead of and tn 8eries therewith,motion 
.reverstngmeansoperativetoreyersethedrection 10 
of motion in two of 8aid drive train8concur 
rently,8nd addtional motlon reverstng means 
in one of the latter tWo trains Oper8ttVe to re 
Verse the efectiVe8ction0f88idfirst mentloned 
reversing means on the 88ld one of the latter? 
tW0trains, - 

31?A drive transmission for 8,machine tool 
combining 8,8ource of power,8,transmission 
driven thereby connected to propel B,member, 
anotherparalelconnected transmissionfor pro?? 
peling another member 8t araterelated to the 
rate of movement of the first member,8.dfer 
ential mechanism and8 motion reVersing means 
in said parallel connected transmission,the lat 
terforefecting8,reyersalin themotionimparted· 
to thedriven member relative to the drection of 
motionimpartedtothe frst mentioned member, 
&third transmission Connected torecelVe p0Wer 
from the outgolng8ide of8ald motion reversing 
mean88nd connected to8ctuate One of8ald pro-, 
peled members relattve tothe other,88idthtrd 
transmlsslon also having 8 branch Connection 
wth 88ld dferential mechanism operative to 
modfy the rate of propulsion of Said 8econd 
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transmission in8ccordanceWlth the rate of rel8·· 
tive actu8tion efected by Said third tran8mi8 
8ion,&nd motion reversing means in Sad branch 
connectionoperativetomaintantheratemod 
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fytng &Ctlon of 88dddferentlal mechand8m Con 
8istent When thedrection ofmotion tmpartedto 
88id8ec0nd mentloned member is reversed, 
32?A machine t0olCombintng8 memberto be 

rotated andshiftedrelattve toanothermember, 
8 main transmission forrotattngthemember,a 
feed transmission branching from the matn 
transmisslon for 8hifttng the member relativeto 
another,8,dferential mechanism serially ar 
ranged in sald main transmission but having a 
back drivingpower transmittingconnectionwith 
Said feedtransmissionforcorrelatingtherates of 
member rotation and relative feed movement, 
Clutch me8ns between 88id main and branch 
transmissions for dsconnecting the 1atter from 
the former,8nd a reversible auxtHary power 
transmission Connectedtosaldbranchfeedtrans 
mission 8tthe memberside of8aid clutch foref 
fecting Said relative shifttng of the memberata 
relativelyrapidrate,saldbackdrivingconnection 
of the branch transmission with the said df 
ferentialmechanismremaningefectivetoman 
tain the Said correlatedrelation betweenthero 
tary and shifttng movements When such move 
ments8re efected byeitherthemainortheaux 
ilarypoWer transmission? 
33?The Combtnationset forth in claim32in 

cluding motion reverstng means in sald matn 
transmission beyond said diferential mecha 
niSmandaheado£8adfeed branch transmission 
forefectingreverserotation ofsaidmember,8nd 
reversing me8nsin S8ld back drtvingconnection8 
to the dferential to maintatn the drection of 
motion therein andits action on the diferential 
mechanismunefectedbyareversalintherotary 
and feed motion tmpartedtosald member, 
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