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PATENT OFFICE 
RoBERT HALSEY HENDERSON, OF EAST ORANGE, NEWJERSEY. 

BENDER FOR. THIN-WALL CONDUITs 

Application filed November 21, 1928. Serial No. 320,926. 
This invention relates, generally, to im: 

provements in hand conduit benders; and 
the invention has reference, more particular 
ly, to an improved hand bender or hickey of 

- '5 the general kind shown and described in my 
heretofore granted Letters Patent of the 
United States, No. 1,627,034, dated May 3rd, 
1927. . 

In my aforesaid prior patent, I have point 
is ed out certain essential characteristics which 

the main bending groove of a hickey must 
possessin order to bend thin Wall conduit or 
tubing without distortion or collapse, and 
which include the provision of compensating 

is relief or expansion surfaces in connection 
with the seat of said main bending groove. 
As a result of continued study and experi 

ment in the art of bending thin wall conduit 
by means of hand benders or hickeys, I have 

20 discovered certain critical requirements for 

23 crushing, but also to produce ultimate or 

30 

the hickey structure, necessary for efficient 
control of a thin wall conduit at every stage 
or Zone influenced by bending stresses, not 
only so as to assure bends without kinks or 

finished bends which are substantially smooth 
in Sweep and contour (i. e. free from lateral 
humps or ridges), and which are also free 
from longitudinal twists. - - - - - 

The present invention has for its principal 
object to provide an improved construction 
of hand bender or hickey having a combina 
tion of novel forms of conduit supports at 
each stage or Zone influenced by bending 
stresses, whereby the molding or shaping of 
thin Wall conduit, both as to the ultimate axial 
curvature thereof, and as to retention of the 
desired substantially round cross sectional 

40 
shape thereof, is progressively attained by 
the step by step operation of the hickey in 
the usual manner. The novel construction of 
hickey embodying the principles of this in 
vention provides both adequate external sup 
port for the conduit at each part or Zone 

5 thereof subject to bending stresses when un 
der applied bending pressures, as well as cer 
tain critical clearance especially adapted to 
the conditions obtaining at each particular 
part or Zone, all as hereinafter more particu to larly set forth in the following specification. 

The present invention is illustrated in the 
accompanying drawings, in which - 

Figure 1 is a plan or top view of a hand 
bender or hickey adapted for bending light 
gauge or thin wall metal conduit, and em 
bodying the novel features of construction 
according to this invention, said view show 
ing the bender or hickey applied to a section 
of conduit ready to begin the bending opera 
tions; Figure 2 is a side elevation of the same; 
Figure 3 is a detail transverse section taken 
online 3-3 in said Figure 2: Figure 4 is a 
longitudinal section taken on line 4-4 in 
Figure 3, the position of the conduit being 
shown by dotted lines: Figure 5 is a longi 
tudinal section of the bender or hickey, the 
same being shown in the performance of 
bending operations; and Figure 6 is a trans 
verse vertical section taken on line 6-6 in 
said Figure 5. 
Similar characters of references are em 

ployed in all of the said views to indicate cor responding parts. 
The novel bender or hickey, as shown in 

the drawings, and as adapted to function in 
connection with light gauge or thin wall con 
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duit, comprises a main body or head 10 hav 
ing a threaded shank 11 to receive a suitable 
coupling 12 for attaching the same to one end 
of the hand or manipulating lever 13. 
The main body or head 10 is formed to pro 

vide a curved element 14, the periphery of 
which is approximately semi-circular, and in 
tegral with the curved element, at each side 
thereof, are flanges 15 and 16 spaced apart at 
a critical distance to be hereinafter more par 
ticularly referred to. The curved element 
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14 and the side flanges 15 and 16 together 
form a main bending groove, the seat of 
which is provided with compensating expan 
sion spaces 17, lying respectively between the 
central points of the groove and the side grip 
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ping points provided by the side flanges 15. 
and 16, the same being formed by slightly 
deepening the groove at such points, substan 95 
tially as and for the purposes described in 
my heretofore mentioned prior Patent No. 
1,627,034. The longitudinal curvature of the 
curved element 14 is of considerably shorter 
radius than the radius of the curvature of 100 
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an elbow or other bend to be formed in the 
conduit 18. 

Integrally formed in connection with the 
flanges 15 and 16 are rearwardly projecting 
wings or extensions 15' and 16, the same 
being prolongations of said flanges 15 and 
16 extending rearwardly from the bending 
point of said curved element 14 for a dis 
tance approximating from two and one-half 
to three times the diameter of the conduit 
18 to be bent. The inner surfaces of the 
flange extensions 15' and 16 are slightly di 
vergent from the main bending groove to 
ward the rear ends of said flange extensions, 
thus providing divergent surfaces 15' and 
16' whereby the receiving space through 
which the conduit enters and through which 
it is shifted toward the main bending groove, 
during step by step bending operations, is of 
slightly increasing width rearwardly. The 
gradual increase of the width of this receiv 
ing space is critically dimensioned, as will be 
hereinafter more fully stated, and for pur 
poses to be also subsequently explained. 

Integrally formed with and so as to ex 
tend from the forward ends of the flanges 15 
and 16 are arms 19 and 20, adapted to pro 
vide a bifurcated or fork like forward exten 
sion of the hickey body. Mounted between 
the free end portions of said arms 19 and 20 
is a supporting abutment or member 21, 
which is thus positioned within the embrace 
of said arms, and which is pivotally connect 
ed with said arms by a transverse fulcrum 
pin 22, so that said supporting member may 
turn on an axis at right angles to the lon 
gitudinal axis of the conduit being bent, and 
thereby enabling the supporting member to 
both withstand and adjust itself to the thrust 
of the conduit incident to the bending op 
eration. Said supporting member is pro 
vided with a groove 23 having a semi-circu 
lar cross-sectional shape conforming to the 
normal cross-sectional shape of the conduit 
being bent. The sides of said groove 23 are 
extended upwardly in substantially parallel 
relation for a distance exceeding the radius 
of the cross sectional circumference of the 
conduit, thus providing molding surfaces 24 
to function in the manner hereinafter set 
forth. The supporting member 21 provides 
an abutment or thrust against which bend 
ing pressure is exerted, and I find it desir 
able that the point of bearing of said sup 
porting member upon the conduit should be 
spaced from the main bending groove, pro 
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vided by the curved element 14 and the flanges 
15 and 16, for a distance approximating two 

he conduit to be bent. - 
The novel bender or hickey constructed 

and one-half to three times the diameter of 

generally in the manner above described, and 
adapted for bending thin wall conduit, has 
three different and essential mechanical fea 
tures, each of which has its own particular 
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function in the total operation of bending 
Such thin wall conduit or other tubing pos 
Sessing similar characteristics. 
These three features are: 
First. The grooved supporting member, 

which is pivoted so as to automatically ad 
just itself to the curvature produced by the 
ending operation, and which is provided 

with the conduit receiving groove critically 
dimensioned to substantially correspond to 
the normal dimensions and circumference of 
the conduit whereby, as the conduit is caused 
to press down into the seat provided by the 
groove a counteracting shaping or molding 
effect is obtained, tending to return bent sec 
tions of the conduit to a substantially round 
cross-sectional shape. 

Second. The shape, dimensions and rela 
tive location of the main bending groove 
where the greatest bending stress or pressure 
is applied to the conduit for the purpose of 
imparting thereto a desired curvature; the 
shape of the seat of which provides the com 
pensating relief spaces 17 and, in addition 
thereto, a spaced relation of the flanges 15 
and 16 adapted to permit of a controlled lat 
eral expansion of the conduit walls while 
undergoing bending stresses. 

Third. The rearward extensions 15-16 
of the flanges 15 and 16, which by reason of 
their opposed diverging inner surfaces 15' 
and 16', allow for lateral expansion of the 
conduit rearwardly of the main bending 
point within collapsing limits but in excess 
of elastic limits of said conduit. 

Before setting forth in detail certain criti 
cal dimensions which it is desirable that the 
above enumerated features should possess, it 
may be stated that hand benders or hickeys 
are made in several assorted sizes correspond 
ing to standardized diameter sizes of conduit 
employed in electrical work; and consequent 
ly benders and hickeys are furnished to fit 
each size of such conduit, therefore, the criti 
cal dimensions hereinafter referred to always 
have a given relation to the diameter and wall 
gauge thickness of the particular conduit 
which a given bender or hickey is sized to 
SeWe. 

Since thin wall conduit does not possess stuf 
ficient wall thickness to permit of cutting 
threads therein, compression couplings or 
bushings are used at all points where conduit 
sections are joined in end to end relation, and 
consequently it is highly desirable that the 
ends of conduit sections, and especially bent 
sections, such as elbows. should retain their 
original or normal true circular cross section 
all contour. For this reason the supporting 
member must be so constructed as to not dis 
tort the conduit at its end portion, and this 
must be accomplished in spite of the fact that 
the strain of the initial bend is very severe 
at such point, since such initial bend consti 
tutes what is known as “breaking down the 
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conduit. Once the bending operation is initi 
:ated and the “breaking down” effect begun, 
the Subsequent bending operations to coin 
plete a bend of desired degree and curvature 
require less effort. Another desideratun of 
eqtial importance is to so foil the support 
ing ineliber that it tends to keep the conduit, 
lanoving through the hickey in a straight li. 
as the bending operations are progressively 
cointinued. It bending tubing or thin wall 
conduit with a hickey, it is very difficult to 
produce bends without longitudinal twists 
therein, since if the conduit is allowed 
to 'oil sideways the least bit between the 
successive or step by step bending opera 
tions, a resultant longitudinal twist is like 
ly to be formed in the finished work. Such 
iongitudinal twist tends to displace the rel 
-ative axial alignment of the end portions 
of the conduit sections, and renders it difi 
cult to couple up such sections when install 
ing the conduit. In the hickey of this inven 
tion overcome tendency to distortion of the 
end portions of the conduit, and of longitu 
dinally twisting the conduit hody at the place 
of bend making the groove in the supporting 
member long enough to give a substantial 
bearing on the conduit at all times, and also 
to give sufficient guidance to the conduit, so as 
to effectually prevent rolling with consequent 
twisting. I find in this connection that a 
length of groove approximating the dial 
eter of the conduit being bent will give the 
Substantial bearing support desired; at the 
same time the depth of the groove is inade 
to exceed the cross-sectional radius of the con 
duit so that the side walls of said groove not 
only provide ample Support against lateral 
expansion or distortion, but actually tend to 
bring laterally expanded walls of the con 
dit back toward true circular coitour. in 
addition to such sizing of the ength and 
depth of the groove of said suppositing meil 
ber, also find it desirable to pivotally mount 
the latter so that it is free to attomatically 
adjust itself to proper bearing upon the up 
curved conduit portion as the bending oper 
ations are initiated and continued. In 
hickeys designed to fit and bend thin wall 
conduit of smaller diametric sizes it may be 
stificient to form the supporting inember as a 
stationary or integral part of the hickey body, 
provided care is given in determining the cor 
rect pitch or angle of the groove thereof, 
and provided that the critical dimensions al 
ready referred to are included. Inasmuch as 
the crass-sectional shape of successive por 
tions of the conduit, bend, made subsequent 
to the initial bending operation, are ade 
under conditions allowing for lateral expan 
sion of the conduit walls with consequent 
slight lateral deformation from a true or per 
fect, circular cross sectional shape, find it 
highly desirable to critically dimension the 
width of the groove of said supporting men 
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ber so that such succeeding portions of the 
conduit bend are submitted to a coin pensat 
ing shaping or holding pressure as the con 
duit portions are shifted to and are caused 
to enter and be pressed down into the seat of 
the groove; and to this end, the width of 
the groove. Inust be at least, the diameter of 
the conduit being bent plus the mill toler 
ance which will vary between five and ten 
thousandths, according to the method by 
which the conduit tubing is made, and 
according to the grade and kind of metal 
of which it is composed. In this con 
nection it may be desirable, especially in 
hickeys designed to bend the larger diam 
retric sizes of thin Wall conduit, to have the 
side walls of the groove slightly divergent. 
from its forward toward its rearward end, so 
that the width of said groove at the rear 
ward end, or toward the point into which 
the conduit enters the same, is slightly in ex 
cess of such lateral widening of the conduit 
as inlay occur without exceeding the elastic 
limit of the conduit. I have found in this 
connection that the maximum width at such 
point lay approximate the diameter of the 
conduit plus one and one-half times the limit 
of the lateral distortion which would be set 
up by its elastic limit. It will be obvious that 
the groove of the supporting member, when 
sconstructed and dimensioned in the manner 
above stated, will permit of a shaping or 
molding effect to be exerted as the conduit 
is forced into seated relation thereto undei 
successively applied bending pressures. 
With regard to that portion of the hickey 

wherein the main bending groove is provided, 
and at which point maximum bending pres 
sures are transmitted to the conduit, I have 
found that such main bending groove should 
be spaced rearwardly from the supporting 
member for a distance approximating two 
and one-half to three times the diameter of the 
conduit being bent. The said main bend 
ing groove, which is formed as heretofore 
stated by the curved element 14 and the 
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bounding side flanges 15 and E6, should have 
a depth approximating the diameter of the 
conduit being bent, and can if desired exceed 
such depth; the seat or bottom of this groove, 
however, must possess the compensating ex 
pansion spaces 17 lying respectively between 
the central points of the groove and the side 
gripping points provided by the side flanges 
15 and 16, the same being formed by slightly 
deepening the groove at such points, as here 
tofore mentioned. In addition to this con 
formation, I find that the width of the main 
bending groove, i.e. the space between the in 
ner surfaces of the flanges 15 and E6, pair 
ticularly at points positioned from the bot 
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tom or seat of the groove at a distance approx 
innating the cross sectional radius of the con 
duit being bent, should be equivalent to the 
diameter of the conduit plus a clearance of 130 
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one and one-half to one and three-quarters 
of the elastic limit of the conduit (and by 
elastic limit, I mean the distance to which 
the walls of the conduit may be expanded 
by applied pressure in a given direction with 
possibility of returning to original contour 
under the reaction of inherent elasticity). It 
will thus be noticed that find it advisable to 
provide a width of main bending groove 
which is calculated to permit of slight lateral 
expansion of the walls of the conduit beyond 
their elastic limit, since by such lateral ex 
pansion strains tending to kink, laterally 
ridge or collapse the conduit are sufficiently 
relieved before such undesired effects occur, 
while nevertheless furnishing side support to 
the conduit calculated to restrain undue ex 
pansion and to prevent collapse or distortion 
thereof. By such functioning of the main 
bending groove it will be obvious that a slight 
lateral expansion of the conduit occurs which 
will remain in the conduit as the same is 
shifted step by step during the bending oper 
ations, but which when such point reaches the 
supporting member is subjected to a slight 
external lateral pressure tending to bring the 
cross sectional shape of the conduit back to 
ward a true circular contour. 
I have further found it of considerable im 

portance to rearwardly project the flanges 
forming the side walls of the main bending 
groove for a distance approximating from 
two and one-half to three times the diameter 
of the conduit being bent. I have further 
found that when bending pressures are ap 
plied to the conduit, that portions of the lat 
ter which extends rearwardly from the main 
bending groove is subject to stresses tending 
to laterally expand or flatten the conduit, and 
that such tendency is desirable to a certain 
degree, since it tends to distribute the bend 
ing stresses and allows for a better adjust 
ment of the metal to the shape of bend sought. 
In order to assure that no excess latitude is 
allowed for such lateral expansion of the 
rearwardly extending portion of the conduit 
I have found it very desirable that the inner 
faces of the flange extensions 15' and 16 
should be longitudinally divergent rearward 
ly from the main bending groove. This di 
vergence should be of such pitch or degree 
that, at the free extremities of the flange ex 
tensions, the width of the conduit receiving 
space should reach its maximum and should 

; not execeed the diameter of the conduit plus 
two or three times the elastic limit thereof. 
I will now describe the operation of the 

hickey with special relation to the cooperation 
of the various mechanical features above ex 
plained. In order to facilitate a clear under 
standing of the operations and effects in 
volved, the sphere of influence exercised by 
each of the functional parts of the hickey 
relative to the conduit to be bent may be des 
ignated as zones A, B, C and D. These Zones 
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are indicated in Figure 5 of the drawing. 
Zone. A refers to that portion of the conduit 
which is immediately acted upon by the Sup 
porting member 21; Zone B indicates that 
portion of the conduit which is immediately 
acted upon by the main bending groove con 
stituted by the curved element 14 and its 
side wall flanges 15 and 16; Zone C refers 
to that portion of the conduit immediately 
acted upon by the longitudinally and rear 
wardly divergent flange extensions 15' and 
16; and Zone D refers to that portion of the 
conduit extending rearwardly from the 
hickey and in the immediate vicinity thereof. 
To begin a bending operation the hickey 

is slipped over the end of the thin Wall con 
duit 18, and positioned thereon so that a for 
ward portion of the conduit projects beyond 
the supporting member 21, so that substan 
tially no bending stresses are applied thereto 
during the bending operation, to the end that 
its true circular cross sectional shape is un 
disturbed, and consequently such portion is 
ready to receive proper fitting engagement 
of a compression coupling. The conduit lies 
on the floor and extends rearwardly from the 
thus applied hickey. The curved element 14 
of the main bending groove impinges upon 
the top side of the conduit when thus posi 
tioned. The operator now pulls rearwardly 
on the lever handle 13 of the hickey, thus 
tending to bend upwardly the forward end 
portion of the conduit under the oppositely 
applied pressures exerted by the supporting 
member 21 and curved element 14 of the 
main bending groove. As the bending pres 
sure is thus applied, the conduit is placed 
under stresses which are strictly restrained 
by the close fitting engagement of the sup 
porting member 21, so that Zone A of the 
conduit is strongly supported against lateral 
expansion; at Zone B the applied pressure 
and resultant stresses causes the conduit to 
expand laterally to the limits allowed by the 
seat shape of the bending groove and by the 
critical width dimensions established be 
tween the flanges 15 and 16 of the groove, 
thus permitting the conduit to bend while at 
the same time distributing the stresses until 
the resultant lateral expansion is stopped 
by impingement of the sides of said con 
duit in supported contact with the flanges 
15 and 16. The bending stresses tending to 
produce lateral expansion of the conduit are 
distributed rearwardly from the point of 
impingement of the curved element of said 
main bending groove, and owing to the di 
verging relation of the internal sides of the 
flange extensions 15' and 16', a progressively 
increasing lateral expansion through the 
zone C is permitted within the limits of the 
support afforded by said flange extensions 
15 and 16, while beyond said flange exten 
sions and within Zone D further lateral ex 
pansion is unrestrained, but will not be ex 
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cessive, since the skilled operator will not 
attempt to make long step bends likely to 
break down or collapse the conduit at zone 
D, but rather produces the bends by short 
steps effected by frequent rearward shifting 
of the hickey upon the conduit. 

0. 

15 

20 

ing or moiding effect is obtained tending to 

From the above description, it will be ap 
parent that the conduit bending is progres 
sively accomplished, step by step, by shift 
ing the conduit forwardly between the main 
bending groove and the supporting member 
21. After the initial bending step it will be 
apparent that the conduit at Zone D pos 
sesses the maximum lateral expansion. As 
the conduit is shifted forward relative to the hickey and a succeeding bending step is ef 
fected, Zone D is brought under the influence 
of the flange extensions 15' and 16; Zone C 
is brought under the influence of the main 
bending groove and its more closely spaced 
flanges 15 and 16, and consequently a shap 
return the contour of the conduit toward its 
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true circular form while yet still retaining, 
is at such point, sufficient lateral expansion to 
distribute the bending stresses for preven 
tion of buckles or kinks; as zone B shifts to 
ward and is brought into engagement with 
the supporting member 21, a further shaping 
or molding effect upon this portion is ob 
tained to further return Zone B of the bent 
conduit toward true circular cross-sectional 
shape. It will thus be seen that with each 
bending operation the respective effects oc 
curing at the different Zones of the conduit 
are simultaneously wrought, yet by the pro 
gressive and successive bending operations 
a given portion of the conduit is successively 
carried through the bending operations, and 
is progressively subjected to the peculiar ef 
fects occurring at each stage thereof, and 
that a progressive molding, shaping or “coin 
ing' of the conduit while being bent tends 
to both support the same against kinking or 
collapse, while at the same time tending to 
ultimately produce bent conduit having 
Smooth longitudinal curve and having Sub 
stantially circular cross sectional shape. 

ifaving thus described my present inven 
tion, I claim :- 

1. A hand bender for thin wall conduit, 
comprising a curved element having a handle 
lever extending therefrom, said element hav 
ing integral side flanges forming there with 
a peripheral main bending groove, said 
flanges being laterally spaced apart for a 
distance slightly exceeding the diametric elas 
tic limit of the conduit to be bent, said bend 
ing groove having clearance spaces interme 
diate the bottom of its seat where the conduit 
to be bent impinges and the sides thereof as 
formed by said spaced flanges; and a Support 
ing member forwardly off-set beyond said 
main bending groove at a distance equivalent 
to two to three times the diameter of the con 

duit to be bent; said supporting member hav 
ing a bearing groove of substantial length to 
receive and engage the conduit to be bent, 
said bearing groove having a bottom contour 
corresponding to the normal cross-sectional 
circuiniference of the conduit to be bent, a 
wid:li Substantially equivalent to the cross 
sectional diameter of said conduit, and a depth 
exceeding the cross-sectional radius of Said 
conduit. ". . . 

2. A hand bender for thin wall conduit, 
comprising a curved element having a handle 
ever extending therefrom, said element hav 
ing integral side flanges forming therewith a 
peripheral main bending groove, said flanges 
being laterally spaced apart for a distance 
sightly exceeding the diametric elastic limit 
of the conduit to be bent, said bending groove 
having ciearance spaces intermediate the bot 
ton of its seat, where the conduit to be bent 
impiages and the sides thereof as formed by 
said spaced flanges; and a supporting member 
forwardly off-set beyond said main bending 
groove at a distance equivalent to two to three 
times the diameter of the conduit to be bent, 
said supporting member having a bearing 
groove of substantial length to receive and 
engage the conduit to be bent, said bearing 
groove having a bottom contour correspond 
ing to the normal cross-sectional circumfer 
ence of the conduit to be bent, a width. Sub 
stantially equivalent to the cross-sectional 
diameter of said conduit, and a depth exceed 
ing the cross-sectional radius of said conduit; se 

and said flanges forming the side walls of said 
main bending groove having rearward ex 
tensions projecting for a distance equivalent 
to two to three times the diameter of the con 
duit to be bent, with the internal well surfaces rearwardly and longitudinally divergent to 
provide a conduit receiving space and Sup 
port, having a maximum width at its rearward 
portion not to exceed the diameter plus two 
to three times the elastic limit of the conduit 
to be bent. 

3. A hand bender for thin wall conduit, 
comprising a curved element having a handle 
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lever extending therefrom, said element hav 
ing integral side flanges forming there with a 
peripheral main bending groove, said flanges 
being laterally spaced apart for a distance 
slightly exceeding the diametric elastic limit 
of the conduit to be bent, said bending groove 
having clearance spaces intermediate the bot 
tom of its seat where the conduit to be bent 
impinges and the sides thereof as formed by 
said spaced flanges; and a supporting men 
ber forwardly off-set beyond said main bend 
ing groove at a distance equivalent to two to 
three times the diameter of the conduit to be 
bent, means to pivotally mount said support 
ing member for self adjustment to the con 
duit being bent, said supporting member hav 
ing a bearing groove of substantial length to 
receive and engage the conduit to be bent, said 
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bearing groove having a bottom contour cor 
responding to the normal cross-sectional cir 
cumference of the conduit to be bent, a width 
substantially equivalent to the cross-sectional 
diameter of said conduit, and a depth ex 
ceeding the cross-sectional radius of said con 
duit; and said flanges forming the side walls 
of said main bending groove having rear 
ward extensions projecting for a distance 
equivalent to two to three times the diameter 
of the conduit to be bent, with the internal 
wall surfaces rearwardly and longitudinally 
divergent to provide a conduit receiving space 
and support having a maximum width at its 
rearward portion not to exceed the diameter 
plus two to three times the elastic limit of the 
conduit to be bent. 
In testimony, that I claim the invention set 

forth above I have hereunto set my hand this 
20th day of November, 1928. 

ROBERT HALSEY HENDERSON. 


