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Foreword

Research to increase the sum of human knowledge carries with it the double responsibitity
of recor:. ng the new information so obtained and of communicating it to others. Too often
the 2xci:ng work of extending the frontiers of experience is regarded by the investigator as
a corie e nd worthy end in itself and the concomitant duty to revise and enlarge the chart
of established knowledge is neglected.

!n no tietd of endeavour is the obligation 16 record and publish the resuits of investigation
szronger than in the realm of intermediate technology. This is due in part to the general
scarcity of published information in this already neglected field. It is also due to the fact that
the numkber of human beings in the world which will benefit from such publications is

vastly greater than that of those who stand to benefit from advances at the more
sophisticated levels taken for granted in much of Europe and North America.

1t therefore gives very great pleasure to introduce the accompanying report on the
deveiopment of a metai-bending machine. This is one of the first of a series published by
the Intermediate Technology Development Group Ltd. designed to make wideiy avaitable
the results of current progress in its work. At the present time, the Group i5 engaged in
fostering vesearch and development in intermediate technology in many parts of the worid.
This report is convincing evidence of the determination to publish the results of such work
in ananner well suited to the requirements of the many who stand to benefit from it.

WYE COLLEGE H. S. DARLING

introduction

The establishment of HMacksmithing facilities in rural areas of developing countries is
essential wherever local construction and maintenance of equipment for small farms is
being encouraged.

This low-cost pivot-principle hand-operated rmetal-bending machine has been designed so
that it can be constructed locally, since it is fabricated of easily available mild steel flat,
angle, bar and pipe materials.

The machine’s main feature is its ability to form wheel rims from cold flat mild steel up to
4" % 3/8" {101 mm x 9.5 mm)} cross section, Tor use on farm carts and other basic
agricuitural equipment. it can also be used for bending notched angle iron and flat mild
steel to whatever angles are required.




Description

Letters in brackets { ) refer to drawings and photographs which follow.

The basic machine consists of a fixed arm {A) bolted to two pieces of channel {F), the
latter provided with holes at both ends and intended to facilitate mounting of the machine
on a bench or other solid surface. The pivoting arm (B} which controls the metal bending
operation is fitted with a handle (£}, and pivot pin (G) which can be placed in any of the
nine position hotes to fix the arms about the required paint according to the bending
work involved.

The notched angle iron bending former (L) and the material grip/former {J}
were intentionally designed with sides angled at 87%4° 10 allow for material ‘spring-back’
when bending angle or flat to 90°.

The circle bending former {H) was originally buitt with a bending surface curve of

14" (365 mm)} radius, and when bending 4" x 3/8' black mild steel flat this gave a hoop of
33" nominal diameter. Since the aim was to produce a wheel rim of 30" nominal diameter,
being that used in a standard ox-cart design (S}, a new circle former of 12%" (317 mm)

ractius was built; bending trials were carried out, and after the addition by tack welding of two
pieces of 4" x 3/8” (101 mm x 9.5 mm) the then total radius of 13%" (336 mm) was found
to give a circle of the required 30" nominal diameter. During bending trials it was found

that a flat section of up to 3%"" in length remained at both ends of the wheel rim and that
there was a smatl amount of stretching of the material during bending; these points are

dealt wth in the section on ‘Building a VWhee!".

K p
o7 N//

A Fixed arm H Circle bending former

B Pivoting arm J Material grip/former

C Fixed arm box K Cylindrical roller{former

b Pivoting arm box L Angle-iron bending former

E Handie M Distance piece/material guide
F Mounting supports N Fixed arm fittings pin

G Pivot pin P Pivoting arm fittings pin



Construction

List of Parts — Basic Machiine

Part Name Quantity Dimensions {mm}

A Fixed arm 2 12.5x 76 x 762 M.S. flat

C Fixed arm box 2 135 x 76 x 76 M.S. angle

F Mounting supports 2 76 x 38 M.S. channel (808 long)

B Pivoting arm 2 12.5 x 76 x 762 M.S. fiat

D Pivoting arm box 2 105 x 76 M.S. angle

E Handle 1 35 Dia. M.S. bar {508 long}

G Pivot pin 1 26 Dia. M.5, bar {222 long)
Fixed arm boits 2 22 Dia. 1190-200 leng shanks}
Mounting support bolts 4 20 Dia. (length io suit mounting deck)

List of Parts — Machine Fittings and Formers

Part Name Quantity Dimensions {(mm)
H Circle bending former 1 16 x 101 x 340 curved to 337 radins
1 12.6x 76 x 279 M.S. flat
2 12.56 x 51 x 101 M.S. flat
1 25 nominal bore pipe {107 long)
4 Material grip/former 2 101 x 38 x 38 M.S. angle
1 25 nominal bare pipe (101 tong)
K Cyiindrical roHer/former 1 25 nominal bore pipe {101 long)
L Angle-iron bending former 1 76 x 152 M.S. box section (140 long)
M Distance piece/raterizl guide 1 12.8x 76 x 101 M.S. flat
N Fixed arm fittings pin 1 25 Dia. M.S. bar {178 long)
P Pivoting erm fittings pin 1 25 Dia. M.S. bar (14Q long}
Note:
1. All parts of the machine and its fittings/formers are made of ordinary mild steel of
carbon content na higher than that of En 1A Carbon steel.
2. The circle bending former (H) is illustrated exactly as it appeared after modification to

increase its radius to that which would provide a 38" {762 mm) nominal diameter rim
from 10T mm x 9.5 mm cross section flat black mild steel. The outer curved surface of
this former can be made of single piece of 16 mm x 101 mm x 340 mm mild steel flat and
wilf have adeguate strength to withstand the bending forces involved.

3. The outer edges of the heads of the fittings pins (NP} can be hammered to splay them
aver so that they wiil not fall through the arm holes.

4.  The 25 nominal bore pipe used in fittings and formers is ordinary heavy gauge
galvanised steel water pipe.

5. if on initiab assembly of the machine it is found that the pins (GNP) are not an easy
slide fit, the pivot pin holes and the 25 mm nominal bore pipe pieces can all be lightly
reamed or filed to provide the slight clearance required.




Basic Machine Parts
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Assembly

1. To construct the fixed arm {A1), twa pieces of 12,5 mim x 76 mm x 762 mm mild
steel flat are ctamped one on top of the other, and the nine 25 mm diameter pivot
pin holes and two 22 mm diameter bolt holes are drilled through both pieces. Two
pieces of angie |C) forming the box are placed in position between the drilled flats
{A), 25 mm diameter bars placed through pivot pin holes No. 1 and No. 9; a2 135 mm
distance piece placed at the outer end and the box-end 22 mm diameter bolt tightened to
ensure precise alignment, Tollowing which the angles (C} are welded all
round and to the flats {A) 1o form the box.

2. in building the pivoting arm (B2}, the two pieces of mild stee! flat (B) are clamped
together and the nire 25 mm diameter pivot pin holes drilled as described for the
fixed arm. Two pieces of angle {D} are then clamped in box positian and welded
along their joining edgss, followed by drilling through the angle-iron box a hole of 35 mm
dizmeter to take the handle {E). The angle-iron box is then placed in position &
betweer the dritled flats (B}, a 105 mm distance piece being inserted ac the other end
and 25 mm diameter bars placed through pivot pin heles No. 1 and No. 9 to obtain correct
alignment, the ancie-box then being welded ali round to the flats {B). One end of
the handle {E2] is drilied with 2 © mm diameter hole approx. 15 mm distance from the
handle end to take & retaining pin.

3 The two machine mounting supports {F 1} are each drilled with one 22 mm diar:.
hiole and two 20 mm diameter holes, the latter ta take the meunting support bo: .-

To assembie the basic machine the fixed arm {A} is first bolted securely to the mcunting
supports {F!, the fatter being then bolted solidly to the mounting surface deck by 20 mm
diameter bolts of the required fength. It is impartant to note that a distance piece 135 mm
long, such as a ptece of 25 mm bore pipe, should be used for the 2nd fixed arm bolt to pass
through so that it can be tightened and stiff ensure that the fixed arre flats are an equal
distance apart throughout their entire length. The assembled basic machine with the pivot
pin {G} inserted throuah both arms is shown in {3). A small weld nodule can be tacked to the
side of the top end of the pivot pin to prevent it from falling through the arms or
alternastively the bottorn of the pivot pin can rest on the mounting deck.

The basic machine

The circle bending former in place

Tie cirgte bending former (H) is placed in positioa, the pivot pin passing through holes

MNo. 5 in the machine arms. The cylindrical roller fiormer {K) is hield in Fote No. 8 position

in the piveting arm by fittings pin {PL A materia! grip/former (J) is ;== centrally on top
of the distance piece/material guide {M) both being held in hate Nu. © position in the fixed
arm by fittings pin ). The machine set up as above is now ready ©1 the bending aperation,




Building a
Wit el

From experimentation during protatype bending triafs it was found that the following
procedure facilitaied the forming of a complete circie;

= Take a piece of 4" % 3/8" {101 mm x 9.5 mm) black mild steel flat and cut it to 101"
(2562 mm)] in length.

b, One operator pushes a 3° (1830 mm} length of 1'% {38 mm} bore pipe over the
pivoting arm handle [to provide additional leverage), the piveting arm is swung bz < so
that the fittings are weli clear of the circle bending former and the second aperatc:
inserts cne end of the miid steel flat in betwees the fittings and the curved forme;.

c. The mild steel flat is held horizontal with itt ond just within the grip between the
material gripper fitting on the fixed arm and the surface of ihe curved former as the first
operator swings the pivotine arm forwards, the forward movement then being continued
by pushing with fuil force on the leverape pipe so that the cylindrical rolfer on the
pivoting arm forces the flat material round until it bas curved and is held against the
curved former.

d. The bending then proceeds by the first operator releasing the grip on the material by
drawing the pivoting arm backwards, the second operatar pushing the material in past
the former by about 2 150 mm) and the cylindrical rolier is then forced hard against
the material once more untif it is pushed hard against the curved former.

The bending operation continues in this manner by appros. 2" {50 mm) steps until
a length of about 12 {305 mm) has been curved. The material is then removed and the

same initial bending procedure applied 1o the other end for 4 distance of about 12"
(305 mm).

11
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Ar ol anrreme eogks of the material flan secnons will be obserwed, each of uir 1o 37
(89 remd iy Sengely, Thase flat sections are cut off 1o feave 2 totst length of materal of
G4 42387 mmd

The materst 1 v oon reansarted e the machiny aad the beadkiog operdatuen contisgesd
as Hbustratind, 10 s of assstamee  f the top edge of the matenigl s markagd off 20

$50 mmy gy by chatk marks tr oot a5 4 gunde cach bime the matenat s pushed forward
fon the rext el
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The wheel ritn is placed in the jig and the wheel rim adjuster bolts tightered all round to
bring the wheet rim seam edges together, The rim seam joint is then clamped, the seam tack
welded and the whest rienl removed from the fig to permit completion of full welding both
sites diowen the rm seam foint.

16




irh ferugile.
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The wheel rim is replaced
in the jig, and the axle is
inserted down through the
upper axte guide {QR} and
the lower axfe guide (A),
the axle end resting on the
axle paosition adjuster bolt
{R} the latter then being
screwed up or down as
reguired to bring the top
of the axfe in {ine with the
plane across the upper
edge of the wheel rim.

Twatve whest spokes are cut, sach of %" (19 mmb diameter snd 13 15/16" (354 mm)




The first six spokes are laid in the spoke guides, their inner ends converging against the axle,
as shown. The wheel rim adjuster bolts are used to true the rim, and the spokes are then tack
welded to the wheel rim and to the axie.

The wheel rim adjuster bolts are slackened off, the wheel lifted to clear the spoke rests and
turned 30°, then jowered to the jig deck. (Note: the two bolts securing the upper axie guide
have their heads cut down to 1/8” {3 mm) in height to avoid their catching on the spokes when
the rim is turned 30°).

18




The remaining six alternate wheel spokes are {aid in the spoke guides with their inner ends
resting on suitably dimensioned distance pieces to position their upper edges at %2 (12.5 mm)
from the end of the axle, followed by tack welding to wheel rim and axle.

This is the integra! wheel
and axle design in practical
use (S},

See detailed diagram
overleaf.

The wheel and ax!e is then
removed from the jig and
the full fillet welding of all
the wheel spokes carried
out.

19
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ftouhie washers each side of hearing — ouler washer welded to shaft, inner washer frec to otate

system, instead of two pairs of wooden block bearings on the axle as shown.
By this method, a wooden buth bearing is hard-pressed into a 2%’ x 8 pipe
welded 1o the spokes in the centre of the wheel. This bush bearing, lubricated
by one grease cup, rotates around a 1%" shaft which is welded on two piepes
af plates which are bolted ta the two longitudinal members. This sytem
redutes the cost consideratly and takes less time to construct.

5 Note: The ax-cart can also be designad using the wooden-bush-stb-axle
i
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Summary

The development of a hand-operated metal-bending machine using common grade mild stee]
and constructed by fabrication technique has been successfuily carried out, bearing in mind the
aim to arrive at a design which can be made locally in devetoping countries and at a cost

within the resources of rural craftsmen.

it should be noted that separate circle bending formers have to be built to suit each particular
hoop diameter as reguired.

The machine is versatile ir that it can be fitted up to carry out other bending operations in
addition to forming hoop iron into circles, for example:

a. To bend notched angle-iron to any angle up to 90°, the bending former{L) is piaced at
the end of the arms with the pivot pin {G) passing through holes No. 1, two material
grip/formers being used, one placed with fittiigs pin (N} in No. 3 hote of the fixed arm
and the other placed with fittings pin {P) in No. 3 hole of the pivoting arm. The centre
of the notch in the angle-iron is positioned precisely against the corner of bending
former {L} and the pivoting arm moved round untif the required angle is obtained.

h. in a similar operating position to that described in {a) above, mild steei fiat can be bent
to any sharp-cornered angie up to 90° using either the bending former (L} or a material
grip/former {J} on the pivot 2in (G) at holes position No. ? in both machine arms.

Mitd stee! fiat can also be bent to a smooth curve-cornered angle up to 180° by bending
direct around the pivot pin {G) or by using the cyclindrical roller/former {K) on the pivot pin
{G), using a materiat grip {J} in each of the machine arms.

The bending-machine design can e modified to suit the local availability of steel stock sizes,
and can be further developed by addition of other types of formers and fittings to expand its
usefulness to other bending operations which may be locally required accarding to the types
of rural/agricutturat tools and equipment which are to be built and maintained in the rural
areas.




