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MALCOLMWIKSTROM,ORSHELBY,OHIO,ASSIGNORTOTHESHELBYSTEEL 
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To a/7o?071V?772a/CO72Ce77: 
Beit knownthat I,MALCOLMWIKSTROM, 

a citizen of the United States,residingat 
Shelby,inthe County of Richlandand State 

5 ofOhio,haveinventedanewandusefulTube Bending Machine,0fwhichthefolowingisa 
specification,thatwilenablethoseskiledin 
theart to whigh myinvention pertainsto 
make andusethe Same, - 
Theobjectof myinventionistobendtubes 

toanydesiredcurvature without materialy 
fatteningorotherwise Changingtheircross 
sectionalformintheirbent portionsandwith 
outthe use ofanyfilling?Suchasrosin,lead, 

r5 &c.?to bemeltedorotherwisesubsequently 
extractedfromthetube afteritis bent? The aCCompanying drawings Show myin 
ventionanditsapplicationtouseintheform 
now considered most desirable;butchanges 

2o withinthe Skill0f ag00d meChanic and not 
requiringthe exereise ofinvention might be 
madeinthe detailsof Constructionandinthe 
relativearrangementOfthe parts withoutde 
partingfromthespiritof myinventionasset 

25forthinthe claimsatthe end ofthisspecifi 
cation… 
Figure lis a plan view of myimproved 

bending-machine,with Some of the parts 
Dartlyinsection?Onthe linell of Fig.2,the 

3o parts beingshownin the p0sitions they oC 
cupyatthe beginning ofthe bending opera 
tion?Fig.2isaverticalSection of the Same 
onthe line220f Fig,1,Fig.3isa8ideele 
vation ofaportion of mymachine Fig.4is 

35 averticallongitudinalSegtion of theeXpan 
sive mandrelhead or bulb upon which the 
tubesare bent andthetubularshankanda 
portion of the 8upporttherefor,Fig,5i88 
?lanviewofthe mandreldetachedandshow 4oingthe detailsofitscon8truction,Fig.6is 
aplan view of One of mytube-bending ma 
chineswiththe part8inthe positionocCupied 
bythemattheendofthe bendingoperation? 
Fig.7isanendview ofthe mandrelheador 

45 bulb, , 
The specialfeature80f myinvention Con 

sistofabending-blockgroovedatitsperiph 
erytoembracetheinperside of the tube8s 
itisbent,aSwinging die al80grooved Onits 

5ofacetoembraceandslipalongthe outerside 

waysotherthänthoseshowninthedrawings, 

(the tube)out ofastraightline andintothe 
Curvature of the bending-block,andaman 
drelhead or bulb which Snuglyft8theinte 
rior of thetube and whichduringthe bend 
ingOperationisdrawnalongtheinside ofthe 
tube between the bending-block and the 
Swingingdie,movingin unisonwiththe lat 
ter and always beingsubstantialyatthe 
pointoftangency,orthepointwherethe bend 6o 
inthetubeis beingformed,thus preventing 
anycollapsingorfatteningofthetube,which 
wouldoccuratthepointofbendingifthetube 
were notthusinteriorlysupported,These 
specialfeatures of myinvention maybeas-65 
Sembled,8upported,and operated in many 
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whichrepresentwhat Inowconsiderthepre 
ferred Construction andwillnow proceedto 
describein detail? “ 
In Fig.1is shown afat plate ortable a, 

up0n which are mounted two of my tube 
bending machinesadaptedtobendbothends 
ofasinglepiece oftubingsimultaneously,if 
desired,and which may be adjusted on the 
table relatively to each other to make the 
bendsas closetogetherorasfarapartinthe 
lengthofthetube88required,Asthesetwo 
bending-machinesare alikein principle and? 
Operation,a detailed description of one will 
applytoboth?Consideringthetableashori 
Zontal,arigidly-supportedvertical stud-pin 
bprojectsfromitsface?Abending-blockop 
former Cislooselymountedonthisstud-pin? 
andis provided?with a peripheralgroove 
adapted tocloselyft?e exteiorofthetube 
tobe bentandisturneatotheradiusofthe 
required bend of the tube,adiferentsize of 
block being necessaryforeach diferentra 
dius of bend of the tubing,This blockis 
embraced bythe two armsof a bifurcated 
lever oryoke d,whicharmsare mountedon thestud-pinandsupportandguidebetween 
themabending-die e,whichmaybe8djusted 
toward or awayfrom the bending-block or 
former byascrew/,conneetedtothe dieand 
Screwed throughthe closed outerend of the 
yoke?Thisdie eisgroovedtoft and close 
over the exterior of the tubetobe bent,80 
that at the bending-point the tubeis com 
pletelyinclo8edinthegroovesofthebending 
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of the portion of tubetobe bent,foreingit blockandthe die?Anarm g extends from 
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the side of the die andis preferablyformed 
integralwithit,Atthe endof this armisa 
lugh,slotted orgrooved for the passage of 
themandrel-bolt7,8Crew-threadedatitsouter 
end and provided with a nut which bears 
against the outerface ofthe lug,The posi 
tion of thislugissuch that the axialline of 
the mandrel Supported byit is alwaystan 
gentialtothe Curvedaxis ofthe bent portion 
of the tube?The mandrelconsists ofahead 
/,havingan enlarged bulbatone endand 8 
reduced shank at the other?One end of a 
tube k isfitted overthis reducedshank,and 
the otherend bearsagainst theinnerface of 
the lugh,The mandrel-head hasavertical 
split of asuficient length to makeitssides 
yielding,anditis providedwithatapering 
bore,intowhichfit8the Conicalportion ofthe 
bolt ?,which hasa head m?atits extremity? 
This head Cont8cts with the end of the bulb 
8nd limitsthe further movement of the bolt 
?inthe bulb whenthe latterisspreadtoits 
?roper width,thus insuringaceuracy ofthe 
8preadandal808fording meansfordrawing 
the bulb bythedirect pullofthe boltagainst 
the rearend Of the bulb? · 
The mandrel-headi8SOfashionedthatnor 

mallythe bulbatitsendissmallerthan the 
inside diameter of the tube it is tooperate 
upon,and this bulb is made to attain its 
Tnaximum diameter by forcing apart the 
8pringySides of the 8plit head bythe conical 
Portion0fthe mandrel-boltbeingdrawninto 
thetapering bore0fthe headbymeans ofthe 
nutonthe outer end of the bolt,Thisper 
mit8the easyinsertion of the reduced bulb 
into the end of a tubeto be bent,and it is 
then slightly expanded laterallytothe re 
Quireddiameterorwidthtofillthetubeacross 
it8radialdiameter? 

In bendingatubethetendencyistofatten 
OrCollapse it in Cross-section inaradial di 
rectionfromthe center or axis of the curve 
about which it is being bent,its radial di 
ameterdeCreasing,whileit8Verticaldiameter 
inCreasesa8the CrO88-sectionalform changes 
from circular to Oval,It is therefore only 
neceSSaryto8upportitinteriorlyatitsradial 
side8and to Confine it exteriorlyatitstop 
and bottomtoovercomethistendency,The 
expanded bulb therefore need onlyfl1the 
inside of the tube lateralyatthe bending 
Doint toprevent thesinkingin ofit81ateral 
sides,while the exterior of the tube being 
embracedbythegroovesinthebending block 
and die is prevented from spreadingatit8 
topand bottom side and assuming ovalor 
flattenedform?Asthe mandrel-head,with 
its bulb,issplitverticalyandspringsor ex 
?ands lateraly,there would,ifit weretruly 
round,be no diminution ofit8Verticaldiam 
eterwhenthe Conicalportion of the mandrel 
rodwa8 pushed out ofthetapering bore to 
allowof the lateral reduction of the width of 
the bulb to facilitate its entrance into the 
tube,Asthereisnoworkto be performed 
bythe topand bottomsides of the bulbator 

nearthe splitopenings I prefertoCütaway 
theseportionsslightly,asshown byfulline8 
in Fig.7,where the continuation ofthetrue 
circle ofthe sidesisshown by dottedlines? 
Whenatubeistobebent?abending-block 

of the desired Curvature and depth of pe 
ripheralgrooves is mounted upon the 8tud 
pin b,and the die,correspondinglygrooved, 
ismoved towardthe bending-block andheld 
in position bythe screwfin the yoke-lever, 
the outersurface ofthetube beingembraced 
on al sides at the bending-point by the8e 
grooves?The Collapsed mandrel-bulbisthen 
inserted in the end of the tube and located 
atapoint betweenthe die and the bending 
block where the bending operationisto be 
gln? 
the adjusting-nut and drawing the Conical 
portion of the mandrel-rodintothe tapering 
bore ofthe head,thusfilingtheinside ofthe 
tubelaterally?Thetube mustbeheldagainst 
movement bysome suitable means,prefer 
ably bydogsorclamps boltedtothe table by 
means of boltspassingthroughthe moStCOn 
venient ofthe holes yinthe table, 
With the parts in the positions just de 

scribedandas shownin Fig?1,the bending 
Operation may be efectedby8wingingthe le 
Verdaroundthe axis ofthe pin b,the bend 
ing-die e,withitsarmg,andthemandrel-bulb 
movingin unisonwith the lever,the die and 
its arm forcingthe tube intothe groove of 
the bending-block,the die on the outside of 
the tube and the bulbon itsinside moving 
around the bending-block and along the 
lengthofthe bendingportionofthetube,but 
alwaysatthetangent-pointorthe pointwhere 
the bendingisinprocess?Itwillbeobserved 
that as the mandrel-bulb move8 along with 
the bending-pointitleavesbehinditthebent 
portion ofthe tubeandisconstantlyadvanc 
ingintothe still unbent tangential portion 
of the tubeyetto be operated upon andthat 
in consequence thereof,the mandrel a8 a 
whole is Constantly puling away from the… 
bent portion ofthetube,andsolonga8it re 
mainsin anyportion ofthetubethatportion 
is unbent,8traight,and tangentialto the 
curved portion? 
Byméansofmyimproved mechanismthe 

The bulbisthenexpandedbyscrewing, 
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tube may be bentand pre8ervedin its true · 
cylindricalform toitsveryend,80thatitis 
unnecessarytomake alowance,asinalpre 
vious methods of tube-bending of which I 
have knowledge,for Surplus length to be 
trimmed ofafterthebendingoperationand 
wasted? ? 

Mybending-blocki8Dreferably madesem 
circularandis loosely mountedonthe pin b 
in Order that it may be swung around as 
muchasone hundred andeighty degrees,if … 
needsbe,toreleaseabenttubefromitsperiph 
eralgrooves? 
Sofara8I have describedit my bending 

Imechanism mightbe operated byhand,espe 
Cialyupontube88malenoughnottorequire 
more manualpowerthancouldconvenienty 



IC 

654,378 

beagpliedtoswingtheforked_leverd,with 
thedieandmandrel-bulbcarriedbyit,around 
the axis ofthe Stud-pin b,InsuchaCasethe 
forkedleverdshould befreetoswingonthe 
?inorthe pinshould berotativelymounted 
init88upportinthetable a,I prefer,how 
ever,to Operate the bending mechanism by 
power,andto this end I mount the pin or 
shaft bin Suitable bearings m7,80 thatit 
may berotated byaworm-wheelo,keyedto 
the shaft and engaged byaworm p on the 
Shaft g of a Compressed-air,steam,orother 
Suitable motor r,towhichthepoweragentis 
conducted through a flexible connection 2 
and controlled by any suitable valves or 
Switches,In thisconstruction the arms of 
the forked leverd are also keyedor pinned 
totheshaft b,asshown in Fig,3,soastoro 
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tate withit whenthe motor-powerisapplied, 
In Fig.1 Ihaveshownthearrangement of 

thetable dandtwo bending mechanisms by 
means of which I am enabled to make two 
bendsinasingle piece of tubingsimultane 
ously?These bending mechanisms are So 
arranged that they maybe adjusted toward 
or awayfrom each other to make the two 
bendsatanydesireddistanCefromeachother 
inthe lengthofa piece oftubing,Tocarry 
outthisidea,Imountthe pinsorshafts bin 
bearings in movable frames or casings s, 
Supportedinguidewayst beneath thétable, 
whichi8slotted,asat u U,forthe passage of 
the pin which extendsabovethetable?The 
8lots and the guideways of the respective 
bending meChanismsextendawayfromeach 
Other,preferablyat a right angle,asshown 
in Fig,1,thoughthey might lieatany other 
angle oreven parallel,if desired;orin8ome Case8itwouldbeadvantageoustomounttwo 
bending mechanisms in a single slot and 
guideways of Suficient length to alowany 
desireddistance betweenthe bending mech 
anisms,With asingle slotanditsguides 
thetwo bending mechanismsmaybe brought 
intoasCloseproximityasdesired,Iconsider 
this,howeyer,amere matter of detailto be 
determined bythe requirementsofeachcase, 
two divergent slots requiring a wider but 
Shortertable than asingle slot,with which 
the table would be long and narrow?The 
Casingss Support and carry with them the 
pinSand power-motors,andtheyare moved 
longitudinalytoand heldinanydesired po 
sitions by means offeed-screws U,whichare 
mounted in Suitable bearings beneath the 
table andworkin screw-threadedlugs?pin 
the Casings?These 8crews project beyond 
the edges ofthetable andare providedwith 
hand-Cranks2,by means of which they are 
turned? · 

Havingthus described myinvention,what 
IClaim as newand useful,8nd desiretose 
Cure by Letters Patent,is? 
1,In atube-bending machinethe Combi 

nation of a bending-blockgroovedonits pe 
riphery,aradialarmorleveradaptedtoswing 
aboutthe axis ofthe bending-block,8 bend 

ing-diegroovedonitsfaceandcarriedbythe 
radialarm,arigidarm extendingfrom the 
die,a_mandrelsupported bysaidarmwith 
itsbulblocatedbetweenthedieandthebend 
ing-block and the means for adjusting the 
die andthe mandrel-supportingarmto and 
holdingitatanypositionalongthelength of 
theradialarm? 
2,In atube-bending machine the Combi 

nation of a bending-blockgroovedonits pe 
riphery and looselymounted upon a pin Or 
Shaft,aradialarm orlever als0 mounted On 
the shaft,a bending-diegroovedonits face 
and mountedon theradialarm,arigidarm 
extending from the die and Supporting a 
mandrelfromit8extremitywithaSCrewpass 
ing through the end of the radialarm and 
Connected tothe bending-die and the man 
drel-Supportingarmtoadjustand holdthem 
in position onthe radialarm? 
3,Inatube-bending machinethe Combina 

tion ofabending-blockgroovedonitsperiph 
ery,a bending-die Correspondingly grooved 
onitsface andadapted toswingaroundthe 
periphery ofthe bending-block,acolapsible 
mandrel-bulbsupportedfromand movingin 
unison with the bending-die with meansfor 
expandingthe bulb lateraly or toward the 
face8 ofthe bending-blockandthe die? 
4,Inatube-bendingmachinethe Combina 

tionofabending-blockgroovedonits periph 
ery,a bending-die correspondinglygrooved 
Onits face andadapted t08wingaroundthe 
bending-block,an arm extendingfrom the 
dieandhavingarece8Sedlugatit8extremity, 
a mandrel8upported bySaidluginalinetan 
gentialtothe bonding-block and Composed 
ofa8plitheadorbulbhavingataperingbore, 
arod OrbolthavingaCOnicalportionadapted 
tofit Said bore andanadjusting-nutto bear 
against the out8ide ofthe recessedlugwitha 
tubularshankfittingovertheendoftheman 
drel-headand bearingagainsttheinnerface 
Of the receSSedlug? 
5,InaneXpanding-mandrel,theSplitbulb 

headwith springysidesand tapering bore, 
thetubularshankfittinguponthe 8olidend 
ofthe headthe mandrelrodor bolt havinga 
head anda Conical portion and providedat 
its other extremity withan adjusting-nutto 
pushagainstthetubularshankand drawthe 
conica1portion oftherodintothe bore ofthe 
Pnandrel-headandexpandit afterinsertion 
int08tube? - 

6,Inatube-bendingmachinethecombina 
tion ofa8emicircularbending-blockgrooved 
on its periphery,and loo8ely mountedona 
shaft,aradialarmorleverkeyedtotheshaft 
and carrying a bending-die groovedonits 
face and a mandrel-bulb lying between the 
die and bending-blockandmovinginunison 
with the die,withapower mechanism con 
nected to the shaft and adapted torotateit 
and the radialarm when andas desired? 
7?Inatube-bendingmachinethecombina 

tion Of8 plate ortable slottedinit88urface, guideway8beneaththetableparaleledtothe 
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slot,slidingblocksorcasingsmountedinsaid? 
guideways,pins orshafts Supportedinsuit 
able bearingsin8aid Casingsand extending 
throughthe slot withtube-bending mechan 
ism88ubstantiallyas described mounted on 
the upperends ofthe pinsabovethe surface 
Ofthe table? 
8?Inatube-bendingmachinethecombina 

tion of8 plate ortable havingaplurality of 
Slot8init88urface,a plurality oftube-bend 
ing mechanisms 8ubstantially as described 
Operatedabove the table on pins or shafts 
which extend through the slots and are 
mountedin bearingsinsliding casingsSup 
DOrtedinguideways belowthe table parallel 
tothe slots,the respective guideways and 
slotslyingatanydesiredangletoeachother? 
9,Inatube-bendingmachinethe combina 

tionofaslotted plateortable,amovablecas 
ingsupportedinguidewaysbelowtheslot,a 

verticalshaft mountedinbearingsinthecas 
ingandprojectingtherefromthroughtheslot 
inthetable,aworm-wheelkeyedtotheshaft 
and aworm engaging the wheel,a,power 
motor carried bythe casingand driving8aid 
worm,with atube-bending mechanism8ub 
8tantiallya8 describedmountedup0nthe up 
Derend of the shaft above the table,with a, 
feed-8Crew belowthe tableengagingthe Cas 
ingtomoveitalongitsguidewaysandhold 
itinposition,alarrangedandoperating8ub 
stantiallya8 described? 
Intestimonywhereof [afix my8ignature, 

in the presence oftwowitnesses,at Shelby, 
Ohio,March10,1899, 

MALCOLM WIKSTROM, 
Witnesses: 

MAR8HALL F.CAPRON, 
EUGENE MCL. LONG? 
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