United States Patent

[19]

iy 3,747,394

Cunningham [45] July 24, 1973

[54] PIPE MANDREL FOR USE DURING [57] ABSTRACT
BENDING '

(75] Inventor: Joseph A.Cunningham, Tulsa, Okla. A pipe bending mandrel for use inside the pipe em-

. . o . bodies a flexible body suspended between spaced sup-

(73] Assignee: EVTBS, g;gelme Equipment Co., ports and made of a sekigs of diametricall)ll) opposelc)i,

wisa, 2 pipe-engaging shoes that are clamped tightly in place

[22] Filed: Mar. 27, 1972 against the pipe by toggle joints in a manner to pre-

. clude displacement during bending so that pipe buck-

[21] Appl. No.: 238,107 ling and l:vrinkling at theg bend are effectiverl)y elimi-

nated. A reciprocable control common to the toggles

[52] US. Cl..iiiiiiiiiiiiininiiinenne 72/466, 72/392 and actuated by a single power device results in equal-

{517 Int. Cliciiieieinieree e B21d 9/01 ized forces imparted to the pipe by all of the shoe as-

{581 Field of Search..................... 72/392, 393, 398, semblies, assures complete lock-in of all of the assem-

72/466; 269/48.1 blies prior to bending, and causes all of the assemblies

to cooperate in preventing collapse of any one or more

[56] References Cited of the assemblies while bending takes place. The shoes

UNITED STATES PATENTS are stragetically arranged only along those zones where

2734120 2/1956 buckling and wrinkling would normally occur, but at

2:916:076 12/1959 those zones the shoes are shaped, sized, spaced and ad-

3,043,361  7/1962 equate in number such as to accomplish optimum re-

3,109,477 11/1963 Averaetal .....ccoocovvvuverenes 72/466  sults.

Prirﬁary Examiner—Lowell A. Larson
Attorney—Schmidt, Johnson, Hovey & Williams

16 Claims, 8 Drawing Figures

fd[/ 5 p 7 7 / 777777 )
; ] $
eI 111111 |
O
'\ 40 z
) ‘Q\ 2 0 EUX X N Ve 4 ® 40
70 i _ = = =1
= 24 @ ® ® ® ® 48
Y54 2
i N ® ®
o lo b o [ Nl =12 | [ 1 o JE =1
L =E——=---—-—-—°-=°: 2 )

22



3,747, 394

PATENTED JuL 241873

7/

SHEET 1 OF 3

\
__Hi- = ﬁ‘ Q%ON»N
7 219
[}
7 & o EZ
P R
e/ 29
KA )
===
e I EE o 9o ©) ©
2 O) ©
5 Yo, YoEYo, Yo, Yo Yo, Youxrle v

; . /«\&
o X X R WRER X X el O%NIW
x

=
”H“““;“il“fll“l;l’ N\; i

.

\\\\\\\M“.\\\\ D




3.747,394
SHEET 2 OF 3

PATENTED JuL 241873

Ly By

o b

e N ==

AN
[I.]Ii.l.%“l‘ll.ﬁmul.”
0 @ O WO © © 'O YO |
% vg 73
O O\ O\ [O\ /O\ O\ O\ [C ®
© © YO Y ¥ ©. 0%
L wmn._.l.u%
L4 . &

..lQNw Tl =T — RSty (URENE | NS S—

Pl



PAT JL24 |
ENTED 1873 3,747,394
SHEET 3 OF 3

/

. ° 8

q :.I 9 ' //A\I

§ ® Q C ;H ﬁ

Wil S '

NI or 0]

\ ; = [/
N A Sy il 7
‘§ |}i" © 1] ;

i /]

\ %l Q 1} O Q “] gL
Nyl <Hi¥e B |
N I =i y 2
NS <JIK
N Q g

N R X
Ny = \
N L L] s S
% ’ e
-\ o
s/ K e

X &

% AR
N




3,747,394

1

PIPE MANDREL FOR USE DURING BENDING

An important object of my present invention is to
provide a pipe bending mandrel having a body which,
when clamped to the pipe therewithin, is appreciably
more flexible, and therefore, much more responsive to
the bending imparted to the pipe than any mandrel
heretofore suggested, resulting in improved bends, ease
of bending and trouble-free operations.

Another important object of the instant invention is
the provision of a pipe mandrel having a highly flexible
body made up of shoe assemblies which, when clamped
against the pipe, are locked in place in such manner as
to avoid all possibility of displacement whereby they
fully resist all tendency of the pipe buckling or wrin-
kling at any point along the entire zone of the bend.

A further object of the present invention is to provide
a pipe mandrel which incorporates toggle joint princi-
ples in such manner as to permit rapid and simplified
clamping of the shoes in place as well as release thereof
and which contribute not only to obtaining the neces-
sary characteristics of the body above mentioned but to
avoidance of displacement or other failure of the shoe
assemblies during the bending operation.

A still further object of my present invention is the
provision of a pipe bending mandrel which incorpo-
rates an improved control in that the knee joints of the
series of toggles may be quickly and easily operated
with but a single power unit through use of a common
actuator for the toggles requiring minimum movement,
yet capable of yielding as need be in response to bend-
ing of the pipe.

The only mandrel within my knowledge that has en-
joyed any appreciable success by actual and substantial
commercial use in the bending of pipe is the one which
is disclosed by U.S. Pat. No. 3,109,477 dated Nov. 5,
1963. Because of such success, certain basic principles
thereof have been incorporated herein, together with
those improvemerits which experience has proved to be
desirable. Thus, as will hereinafter appear, I have re-
duced the cost of manufacture and maintenance, elimi-
nated unnecessary components, provided for more sim-
plified construction and operation, reduced the posibil-
ity of malfunction especially when used by careless or
inexperienced operators and lmproved upon the char-
acteristics of the bend in the pipe.

In the drawings:

FIG.1isa cross-sectlonal view through a pipe to be
bent and through bending apparatus therefor, showing
by side elevation a mandrel in the pipe made according
to my present invention as the mandrel appears before
expansion of its bendable body;

FIG. 2 is a view similar to FIG. 1 showing the mandrel
expanded, '

FIG. 3 is a view similar to FIG. 2 showing the pipe
and the body of the mandrel bent;

FIG. 4 is a view showing one end of the mandrel;

FIG. § is a view showing the opposite end of the man-
drel;

FIG. 6 is a cross-sectlonal view taken on line 6—6 of
FIG. 2;

FIG. 7 is a fragmentary cross-sectional view showing
the details of the fluid pressure ram unit; and

FIG. 8 is a cross-sectional view taken on line 8 —8 of
FIG. 2.

The mandrel shown in the drawings, which is adapted
for insertion into and use during bending of a pipe 10,
has a pair of spaced, disc-shaped supports 12 and 14,
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having an elongated, bendable body thercbetween,
such body being provided with a series of identical,
side-by-side shoe assemblies each including diametri-
cally opposed, upper and lower shoes of similar nature.

Each shoe includes an arcuate segment 16 welded to
a pair of spaced crescents 18 that are in turn welded to
a chord 20, and a lining 22 of plastic or the like is at-
tached to the outer convex surface of the segment 16.
A cross plate 24 is pivotally connected to the chord 20
by a pair of spaced, upright links 26 through use of lugs
28 and 30 on chord 20 and plate 24 respectively.

A pair of elongated, flexible, push-pull bars 32 and
34 across the plates 24, and a shim 36 between the
plates 24 are joined together by bolts 38. One end of
the bars 32 and 34 is connected by the proximal bolts
38 to a yoke 40 of a rod 42 which is in turn loosely re-
ceived within a bushing 44 attached to the support 12.
The opposite ends of the bars 32 and 34 are connected
by bolts 46 to the outer end of a stem 48 of a fluid pres-
sure piston and cylinder unit 50 carried by the support
14. The stem 48 is secured to a piston 52 of the unit 50
which is in turn remprocable within a cylinder 54 of the
unit 50.

Certain of the lugs 28 are pivotally interconnected in
pairs by horizontal links 56. Additional horizontal links
58 pivotally connect the support 12 with proximal lugs
28 and, in the same manner, the support 14 is pivotally
connected with proximal lugs 28 by links 60.

The structures for rendering the supports 12 and 14
mobile within the pipe 10 form no part of the present
invention and therefore require but brief explanation.
Framework 62 on the support 12 is provided with a pair
of rollers 64 and a drive wheel 66 which engage the
inner face of the pipe 10. The wheel 66 is driven by a
prime mover 68 operably coupled with the wheel 66 by
a chain and sprocket wheel assembly 70. A mount 72
for the prime mover 68 and the wheel is swingable on
the framework 62 and a pair of fluid pressure piston
and cylinder assemblies 74 on the framework 62 con-
nect with the mount 72 to move the wheel 66 into and
out of engagement with the pipe 10. Framework 76 on
the support 12 is provided with rollers 78 comparable
to the rollers 64.

Pipe bending machines are normally provided with
transversely concave members 80 and 82, the latter of
which is longitudinally convex.

From the foregoing it is'seen that when the mandrel
is initially rolled into the pipe 10 by operation of the
prime mover 68, it is supported by the rollers 64 and
78 such that the bendable body between the supports
12 and 14 is suspended by the latter, as shown in FIG.
1. In this condition all of the shoes are retracted away
from the pipe 10 because the push-pull device (bars 32
and 34) has been pushed toward the support 12 by ac-
tuation of the piston 52 toward the support 14, it being
noted in FIG. 1 that all of the links 26 are obliquely dis-
posed.

The links 26 present a toggle for each shoe assembly
respectively, it bejng understood that each such assem-
bly includes an upper and a corresponding lower shoe
pivotally connected with their associated toggle. Thus,
by virtue of the bolts 38, the links 26 form opposed
couplings for each shoe assembly respectively with the
couplings connected in end-to-end relationship, pres-
enting a series of knee joints at the bars 32 and 34. The
arrangement of the toggles is such that each pair of
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couplings or links 26 is therefore normally out of dhgn-
ment as shown in FIG. 1.

Upon retraction of the wheel 66 and shifting of the
piston 52 to the position shown in FIG. 7, a pull is ef-
fected on the stem 48 and on the bars 32 and 34, the
force thus applied to the knee joints causing all of the
toggle arrangements to straighten out simultaneously at
the same rate and in the same amount.

The links 26 impart endwise thrusts to the shoes radi-
ally outwardly in opposite directions to clamp the lin-
ings 22 with substantially equal pressure against the

“inner face of the pipe 10 along the entire length of the
flexible body. As seen in FIG. 2, the toggle arrange-
ments are now straightened out with the upper series of
links 26 in end-to-end alignment with the correspond-
ing links 26 of the lower series thereof.

The pipe 10 is now bent into conformity with the lon-
gitudinal convexity of the member 82 as illustrated in
FIG. 3. The lower series of shoes remains clamped

" against the lower, longitudinal, concave bend in the
pipe 10 and the upper series of shoes remains clamped
against the upper, longitudinal convex bend in the pipe
10. This desired result is made possible by virtue of the
flexible nature of the bars 32 and 34 which are free to
bend down as the supports 12 and 14 are free to tilt and
as the rod 42 is free to shift longitudinally and/or tilt in
the bushing 44 because of the structures (link connec-
tions 58 and 60) which pivotally connect the supports
12 and 14 with the next adjacent or end shoe assem-
blies.

Moreover, because of the arrangement of the links
56 and 58 the shoes between the support 12 and the
axis of the bend are free to slope upwardly in one direc-
tion as the shoes between the support 14 and such axis
of the bend are free to slope upwardly in the opposite
direction. As a result, the bend in the pipe 10 remains
smooth and unwrinkled not only along the upper con-
vex portion of the bend but along the lower concave
portion of the bend.

The number and sizes of the shims 36 to be used, if
any, depend upon the preadjustment needed in order
‘to assure a strong and firm clamp of the shoes against
the pipe 10 when the links 26 are fully straightened out
as shown in FIGS. 2 and 3. It is important that the links
26 be in end-to-end alignment before bending com-
mences because in such condition the shoes cannot
yield radially inwardly toward the bars 32 and 34 and
will not relax their firm grip on the pipe 10, preventing
the latter from buckling or wrinkling along the bend
within the zone of the flexible body of shoes.

- The circumferential lengths of the segments 16 need
not be identical along the top and bottom, as shown in
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FIG. 6, and such lengths may be varied as conditions

warrant. But there is no need for shoes along the sides
of the mandrel because the sides of the pipe 10 tend to
bulge out during bending without any evidence of wrin-
kling. Thus, the upper series of shoes is circumferen-
tially spaced in both directions from the lower series of
shoes. As a result, only about one fourth of the circum-
ference of the pipe 10 need to be engaged by each of
the lower and upper shoes.

Having thus described the invention, what is claimed
as new and desired to be secured by Letters Patent is:

1. A mandrel adapted for insertion into and use dur-
ing bending of a pipe comprising:

a pair of spaced supports;

4

an elongated, bendable body suspended between the

supports and provided with a series of sidc-by-side

shoe assemblies,

each assembly including:

a pair of diametrically opposed shoes, each pro-
vided with an outermost, convex, pipe-engaging
surface, and

a toggle disposed between and pivotally connected
with the shoes thereof,

each toggle having an arrangement which includes a

pair of opposed couplings connected together in

end-to-end relationship, presenting a knee joint,

each pair of couplings being normally out of align-
ment so that when a force is applied in one direc-
tion to said joint thereof to straighten the arrange-
ment said shoes will receive endwise thrusts from
the couplings radially outwardly in opposite direc-
tions to clamp said surfaces of the shoes with sub-
stantially equal pressure against the inner face of
the pipe throughout the length of the body; and

an elongated, flexible, push-pull device at said joints
and common thereto,

said device pivotally interconnecting the couplings,

extending longitudinally of the body and the pipe,
spanning the distance between the supports and
being reciprocable with respect to the supports axi-
ally of the device for actuating all of the couplings
simultaneously.

2. A mandrel as claimed in claim 1, each support
being provided with structure pivotally connecting the
same with the couplings of the assembly next adjacent
thereto.

3. A mandrel as claimed in claim 1; and a fluid pres-
sure piston and cylinder unit carried by one of said sup-
ports and operably connected with said device for re-
ciprocating the latter.

4. A mandrel as claimed in claim 1, certain of said as-
semblies having their couplings pivotally connected
with the couplings of an assembly next adjacent
thereto.

5. A mandrel as claimed in claim 1, each coupling in-
cluding a pair of spaced links having plates at opposite
ends thereof secured to said device and to correspond-
ing shoes respectively.

6. A mandrel as claimed in claim 5, each plate being
provided with a pair of lugs, each lug being pivotally at-
tached to a corresponding link.

7. A mandrel as claimed in claim 6, certain of said as-
semblies having certain of their lugs pivotally con-
nected with corresponding lugs of an assembly next ad-
jacent thereto.

8. A mandrel as claimed in clalm 1, each coupling
having a plate pivotally attached thereto, said device
including a pair of bars crossing the plates and joined
thereto.

9. A mandrel as claimed in claim 8; and shim means
for increasing the diameter of said body in the direction
of radial movement of the shoes.

10. A mandrel as claimed in claim 9; and releasable
fasteners clamping the shim means between the plates
and clamping the plates between the bars.

11. A mandrel as claimed in claim 1 wherein each se-
ries of said assemblies is coextensive in length with said
body and one of said series is circumferentially spaced
from the other of said series throughout the length of
the body at both ends of all shoes.
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12. A mandrel as claimed in claim 11 wherein each
shoe is continuous from end-to-end thereof along its
said outermost surface for engagment with substan-
tially one-fourth of the circumference of the pipe.

13. A mandrel as claimed in claim 12, each support
being provided with structure pivotally connecting the
same with the couplings of the assembly next adjacent
thereto. .

14. A mandrel as claimed in claim 13, certain of said
assemblies having their couplings pivotally connected
with the couplings of an assembly next adjacent
thereto. '
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15. A mandrel as claimed in claim 14 wherein a ma-
jority of said assemblies are pivotally connected
through their ccuplings in a plurality of pairs.

16. A mandrel as claimed in claim-15; and a fluid
pressure piston and cylinder unit carried by one of said
supports for reciprocating said device, the piston of
said unit being aligned with said device, reciprocable
within the one support and connected at one end
thereof with one end of the device, the opposite end of
the device being reciprocably carried by the other sup-

port.
B T .



