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This invention pertains to a mandrel for bending hol 
low tubular bodies and more particularly to a flexible 
mandrel used in bending wave guide tubing. 

High frequency electromagnetic energy is commonly 
transmitted by means of thin-walled rectangular tubes or 
wave guides. Such wave guides will transmit two general 
types of electromagnetic waves, namely so-called “E” 
waves and “H” waves, the former having an electrical 
field component in a plane parallel to the narrow side of 
a transmitting wave guide and the latter having a mag 
netic field component in a plane parallel to the broad 
side of the wave guide. Consequently, the wave guide 
which is bent with the narrow sides thereof remaining in 
the same plane is termed an "E' bend and a wave guide 
which is bent with the broad sides thereof remaining in 
the same plane is termed an 'H' bend. In bending 
hollow tubes for wave guides, large tensile and com 
pressive stresses are developed within the walls of the 
tube which may cause buckling or collapse at the place 
of bend. In order to overcome buckling and other diffi 
culties and to preserve as far as possible the original in 
terior, cross-sectional dimensions of the tube, it is neces 
sary. while effecting such bends in the wave guides to 
uniformly support the interior thereof with a flexible 
mandrel. The end of the supporting mandrel must there 
fore beflexible so that it may bend with the tube and be 
easily extracted after the bending operation is completed. 

Therefore, it is an object of the present invention to 
provide an articulated mandrel for supporting the interior 
of a rectangular wave guide tube during the bending 
thereof. 

It is another object of the present invention to provide 
a mandrel for supporting the interior of the wave guide 
tube while the tube is bent into the form of either an 'E' 
or 'H' bend of relatively small radius, for example, ap 
proximately 3% inch or 34 inch, respectively. 

It is a further object to provide a tube bending mandrel 
having great mechanical strength and capable of provid 
ing uniform interior cross-sectional dimensions of the 
wave guide being bent. 

In accordance with the above objects, the preferred 
embodiment of the present invention comprises a rigid 
stem and a flexible body portion secured to one extremity 
thereof. The flexible body portion comprises a plurality 
of links being alternately pivotally and slidably secured 
to each other to permit bending the mandrel in the direc 
tion of either an 'E' or an "H' bend. 

Other objects and features of the present invention will 
be more readily understood from the following detailed 
description when taken in conjunction with the accom 
panying drawings, in which: 

Fig. 1 is a top plan view, partly in section, of the actu 
ated mandrel in the form of an “H” bend; 

Fig. 2 is an enlarged cross-sectional view of the actu 
ated mandrel taken on the arcuate line 2-2 of Fig. 1; 

Fig. 3 is an enlarged exploded top plan view, partly 
in section, of the several links of the flexible body por 
tion of the mandrel; 

O 

5 

20 

2 
Fig. 4 is an enlarged cross-sectional view of the several 

links of the flexible body portion of the mandrel taken 
on line 4-4 of Fig. 3; 

Fig. 5 is an enlarged fragmental view of an extremity 
of the rigid stem to which the flexible body portion of 
the mandrel is secured, and 

Fig. 6 is an enlarged view of the extremity of one por 
tion of the rigid stem looking in the direction of line 6-6 
of Fig. 5. 

Referring now to the drawings wherein similar refer 
ence numerals designate corresponding parts throughout 
the several views and particularly to Figs. 1 and 2 there 
of, in which the mandrel, preferably constructed of 
Nitralloy steel, comprises a first or terminating link, desig 
nated generally by the numeral 11, having a rounded 
forming end 12 thereon, portions of which support the 
interior surface of the tubular member during the bend 
ing operation and during the extraction of said mandrel 
subsequent to the bending of an "E' bend, and rounded 
side surfaces 13, portions of which support the narrow 
sides of the tubular member during and subsequent to the 
bending of an "H" bend. The terminating link 1 also 

... is provided with an arcuate T-shaped slot 4 to accom 
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modate T-shaped projections 16-16 on a second link, 
designated generally by the numeral 17, to slidably se 
cure the first link 1 to the second link 17 and thus per 
mit actuation of said links with respect to each other dur 
ing the formation of an 'H' bend in the tubular member. 
The first link I has a cut out section 18 on one or both 
sides of said link to permit the first link to slide with 
respect to the second link 17, which movement will be 
limited by a cylindrical portion 9 of the second link 7 
abutting the material forming the end of the T-shaped 
slot 4 in the first link 11. It should be noted that if it 
is desirable to actuate the first link 11 with respect to the 
second link 17 in either direction, it will be necessary to 
have a cut out portion 18 on the opposing side as shown 
in the drawing (see Fig. 3); but if the mandrel is to be 
bent only to the left as shown in Fig. 1, only one cut out 
portion 18 need be provided on the left-hand portion of 
the first link 11. It should also be noted that the amount 
to be cut out in portion 8 will be determined by the 
minimum radius of bend desired and thus forms a limit 
ing stop for the actuation of the first link 11 with respect 
to the second link 17. 
The second link 17 comprises two juxtaposed sections 

22 and 23 (Fig. 3) secured together by screw means 24 
to permit separation of said sections 22 and 23 to facili 
tate the insertion of the T-shaped projections 16-16 of 
said second link in the T-shaped slot 4 in the first link 
11, and to facilitate the insertion of inwardly extending 
cylindrical projections 26-26 upon the substantially 
cylindrical supporting portions 19-19 in a slot 27 of a 
third link, designated generally by the numeral 28, to 
slidably secure the first link 11 to the second link 17 and 
pivotally secure the second link 17 to the third link 28. 
The second link 17 has rounded surfaces 29-29 on op 
posing ends of the substantially cylindrical supporting 
portions 19-19 to support the inside surface of a tubular 
member being bent in an 'H' bend. The side surfaces 
30-30 of the cylindrical supporting portions 19-19 are 
to support the inside surface of the tubular member when 
Such member is being formed into an "E' bend. The 
second link 17 has a cut out portion 31 which slidably 
accommodates a T-shaped projection 32 of a fourth link, 
designated generally by the numeral 33, to permit the 
insertion of the fourth link 33 into the third link 28. 
It should be noted that the last mentioned cut out portion 
31 may be eliminated, since the fourth link 33 could be 
inserted and removed from the third link 28 merely by 
separating the two halves of the second link 17 and re 
moving the second link 17 from the third link 28 during 
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assembly and disassembly. The cut out portion 31 
merely eliminates the necessity of the above operation. 
The third link 28 is a unitary member having the 

slot 27 to accommodate the insertion of the cylindrical 
projections 26-26 to pivotally secure the second link 17 
to the third link 28 and to form part of an arcuate i 
shaped slot 34 to slidably accommodate the arcuate 
T-shaped projection 32 on the fourth link 33. A portion 
of the slot 27 is preferably obstructed by a portion 36 
of the material forming the link to provide a stronger 
link, thus preventing separation of portions 37 and 33 
of the link 28 forming the opposing sides of the slot 27 
when the mandrel is being used to form and "E' bend. 
The amount of material remaining in the slot will also 
determine the desirable length of the cylindrical projec 
tions 26-26 in the second link 17. 
The fourth link 33 comprises a cylindrical body por 

tion 39 and the arcuate T-shaped portion 32 projecting 
therefrom. The T-shaped projection 32 is slidably se 
cured in the T-shaped groove 34 of the third link 28 and 
is also slidable in the cut out portion 31 of the second 
link 17. The end of the T-shaped projection 32 is pro 
vided with an arcuate groove 41 having an semicircular 
croSS Section to slidably accommodate portions of cylin 
drical projections 26-26 of the second link 17 during 
the bending operation. The T-shaped projection 32 on 
the fourth link 33 may have both sides thereof terminat 
ing in the same plane as the ends of the cylindrical body 
portion 39 which would necessitate providing a cut out 
portion similar to the cut out portion 31 in the opposing 
side of the second link 17 to permit movement of the 
Second link with respect to the fourth link 33. However, 
it is preferable to terminate one side of the T-shaped 
projection 32 in the same plane as one end of the cylin 
drical body portion 39 and terminate the other side 43 
of the T-shaped projection 32 in a plane oriented at an 
acute angle with respect to the plane formed by the op 
posing end of the cylindrical body portion 39, thus allow 
ing the mandrel to be bent to the left and necessitating 
only the one cut out portion 31 in the second link. The 
cylindrical body portion of the fourth link 33 has cut 
away portions 44 and 46 on opposing sides thereof to 
permit the third link 28 to be slid on the T-shaped pro 
jection 32 of the fourth link 33 and is provided with a 
central bore 47 to accommodate the insertion of cylin 
drical projections 48 and 49 adjacent the end of a rigid 
stem, designated generally by the numeral 51, to piv 
otally secure the fourth link 33 to the rigid stem 5 and 
permit movement of the fourth link 33 with respect to 
the rigid stem 5 during the forming of an “E” bend. 
The rigid stem 51 comprises two juxtaposed portions 

52 and 53 which are held together by screw means 54 
and dowel means 56 in a threaded bore 57 and an 
unthreaded bore 58, respectively. The portions of the 
rigid stem have the two cylindrical projections 48 and 49 
adjacent the end thereof contact each other at the longi 
tudinal centerline of said stem 51 to form an arcuate 
passage 59 and a shaft, designated generally by the 
numeral 61, to accommodate pivotal mounting of the 
flexible body portion to the rigid stem 51. An aperture 
62 is formed in the opposing end of the rigid stem 51. 
to accommodate a reciprocating mandrel shaft 75 to 
assist in the insertion and removal of the mandrel from 
the tubular member subsequent to the bending operation. 
The bifurcated portion 53 of the rigid stem 51 is ter. 

minated in a plane forming an obtuse angle with respect 
to the side 63 of the rigid stem 51 to allow clearance 
for the cylindrical forming portion 19 of the second link 
17 when moved with respect to the rigid stem 51 and to 
allow the third link 28 to be moved with respect to the 
rigid stem 51, whereby such movement is limited to con 
trol the minimum radius of curvature of the “H” bend 
by the abutment. of the surfaces 64 and 66 on the near 
end of the third link 28 abutting a portion 67 of the 
terminating end of the rigid stem. The second bifurcated 
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4. 
portion 52 of the rigid stem 51 is terminated in a plane 
perpendicular to the sides of the rigid stem and has a 
curved surface 68 to form a support for an interior por 
tion of the tubular member during the formation of an 
"H' bend. Both ends of the bifurcated portions 52 and 
53 forming the broad sides of the rigid stem 51 have 
curved surfaces 69 and 71 (Fig. 6) to support the interior 
Surface of the tubular member during the formation of 
an 'E' bend. 
The first link 11 and third link 28 are provided with 

convex and concave arcuate surfaces 72-73 and 74-76, 
respectively, meeting on a line tangent to said arcuate 
surfaces to support the broad interior sides of the tubular 
member during the formation of an "E' bend. 

In the operation the rigid stem 51 of the assembled 
maindrei is connected in the aperture 62 (Fig. 1) at the 
extremity thereof to a reciprocating mandrel shaft 75 
and the mandrel is fed forwardly into the interior of a 
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tubular member (not shown) to be bent by appropriate 
apparatus (not shown) which is well known in the art. 
The bending apparatus (not shown) is actuated to 

bend the tubular member into a small radius bend either 
of an “H” or an “E” bend; if an "H" bend is formed the 
links comprising the flexible body portion pivot and slide 
in the connections therein to assume the configuration of 
the bent tubular member, thereby affording support to 
the interior thereof, and if an 'E' bend is formed the links 
comprising the flexible body only pivot on the appropriate 
connections to assume configuration of the bent tubular 
member thereby affording support to the interior thereof. 
At the completion of the bending operation the mandrel 
is retracted from the bent tubular member and the tubular 
member is then removed from the bending apparatus. 
Although only four links are disclosed in the drawings 

of the mandrel it is apparent that more could be provided 
which would necessitate placing links similar to the sec 
ond and third links 17 and 28, respectively, between the 
third and fourth links 28 and 33, respectively, except 
the T-shaped portion on a similar second link would need 
to have an arcuate groove similar to the groove 41 in the 
fourth link 33 to allow the cylindrical projections 26-26 
to slide with respect to the added link similar to the 
second link 17. It is obvious that the tube bending man 
drel could be formed entirely of flexible links or in a 
reverse sequence whereby an end of the rigid stem would 
be formed similar to the slotted end of the terminating 
link 1, thereby slidably securing the flexible body por 
tion to the rigid stem instead of pivotally securing the 
Sac. 

The links of the mandrel are interconnected as dis 
closed to form a mandrel which will withstand extreme 
forces without breakage. The cylindrical portions 26-26 
48 and 49 could be replaced by separate pins or with 
a projection on one part to fit in an aperture on the 
other, but it has been found advantageous to form such 
pivotal members in the portions of the link 17 or stem 
5 from the same piece of material. It should be noted 
that if a single pin were used on the rigid stem instead 
of the two cylindrical projections 48 and 49, as shown, 
the rigid stem 51 could well be one portion instead of 
the two portions 52 and 53, as shown. 

It is to be understood that the above described arrange 
ments are simply illustrative of the application of the 
principles of the invention. Numerous other arrange 
ments may be readily devised by those skilled in the art 
which would embody the principles of the invention and 
fall within the spirit and scope thereof. 
What is claimed is: 
1. A tube bending mandrel comprising a rigid stem 

and a flexible body, Said stem having two juxtaposed por 
tions and a shaft extending between said juxtaposed por 
tions to receive and to pivotally secure one extremity of 
the flexible body thereto, said flexible body comprising a 
plurality of links, a first link of said body portion being 
pivotally secured to said rigid stem comprising a unitary 
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member having a centrally bored cylindrical body por 
tion and an arcuate T-shaped projection having an arcuate 
slot of a semicircular cross section in the end thereof 
extending perpendicular to the longitudinal centerline 
of said bored body portion, a second link of said body 
having a slot therein and a rounded forming end por 
tion and a concave arcuate side surface tangential to said 
rounded end slidably secured to the T-shaped projection 
of said first link by an arcuate T-shaped slot in said sec 
ond link for relative movement between said first and 
second links in a first plane, a third link of said body 
comprising two juxtaposed portions meeting on the longi 
tudinal centerline of said mandrel having a plurality of 
cylindrical projections extending inwardly towards said 
centerline to pivotally secure said third link in the slot 
in said second link for relative movement between said 
second and third links in a second plane, an arcuate T 
shaped projection on said third link to slidably secure said 
third link to a fourth link of said body for relative move 
ment between said third and fourth links in said first 
plane, said first plane being perpendicular to said second 
plane, said fourth link having at least one cut out portion 
to permit movement of said fourth link with respect to 
said third link, a rounded convex forming end on said 
fourth link, a concave arcuate forming side surface meet 
ing said rounded end at the line of tangency of said 
rounded end, means to secure the two portions of said 
third link together, and means to secure the two juxta 
posed portions of the rigid stem together, thereby pivotal 
ly securing said flexible body to said rigid stem and al 
ternately pivotally and slidably securing the links of said 
flexible body one to the other to form a flexible tube 
bending mandrel which will bend in mutually perpendic 
ular planes. 

2. A tube bending mandrel comprising a rigid stem, a 
flexible body portion comprising a plurality of links 
secured adjacent the end of said rigid stem, means to 
secure said flexible body portion to said rigid stem, a 
first link of said body portion comprising a cylindrical 
body portion and a T-shaped projection extending from 
the side thereof, a second link of said body portion 
secured to said first link by the reception of said T-shaped 
projection in an arcuate T-shaped slot in said second link 
for relative movement between said first and second links 
in a first plane, a third link of said body portion being 
pivotally secured to said second link for relative move 
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ment between said second and third links in a second 
plane and slidably secured to a fourth link of said body 
portion for relative movement between said third and 
fourth links in said first plane, said first and second planes 
being mutually perpendicular, said third links comprising 
a plurality of juxtaposed portions secured to each other 
by Securing means, and said fourth link having an arcuate 
T-shaped slot adjacent the end thereof, whereby the links 
of said flexible body portion are alternately slidably and 
pivotally secured to each other and to said rigid stem to 
form a flexible tube bending mandrel which will bend 
in planes perpendicular to each other. 

3. A tube bending mandrel which comprises a rigid 
Sten and a flexible body attached to the rigid stem, the 
flexible body comprising four interconnected links, the 
intermediate links of the flexible body being pivotally in 
terconnected at one end for relative movement therebe 
tween in a first plane only and each connected slidably 
at its other end to an adjacent link for relative move 
ment therebetween in a second plane, said first and second 
planes being mutually perpendicular. 

4. A tube bending mandrel for forming compound 
bends in a rectangular wave guide tube in planes mutually 
perpendicular to each other, which comprises a rigid 
stem and a flexible body pivotally attached to the rigid 
stem, the flexible body comprising four interconnected 
links of generally rectangular cross section, the interme 
diate links of the flexible body being pivotally intercon 
nected at one end for relative movement therebetween 
in a first plane only and each connected slidably at its 
other end to an adjacent link for relative movement there 
between in a Second plane, said first and second planes 
being mutually perpendicular. 
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