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THE BELLOWS OPERATED OIL DRUM FORGE

Developed by the Intermediate Technology Development Group
Project, Zambia

Introduction:

The Rural 0il Drum Forge is designed so that it can
be made by a farmer for use in his own workshop or by a
blacksmith as a step in the "ipgrading of his tools. The
blacksmith could then manufacture and sell the forges.
The construction of the forge does not depend on welding
or brazing facilities being available. All the components
can be obtained in the rural areas. As parts wear, replace
ment will not cause trouble to the owner. The forge can
be used by one man, as it is foot operated, leaving the

operator's hands free to tend the work and the fire.

The Forge will serve to show the local artisan that
he need not depend on imported items of this sort. As an
engineering exercise, the forge is suitable for any train-
ing programme, with particular reference to small scale
industrial development. It is hoped that the techniques
used will stimulate the inventiveness of local craftsmen.
The forge will give good service, and, perhaps most

important, make its owner money,

Project Leader R M Coombs Project Engineer H $ Pearson
Desigred by the Project Engineer
Farm Machinery Research Unit, Regional Research Station,
Magoye, Zambia.




THE RURAL OIL DRUM FORGE

Tools and Materials Required for Construction aof Foq&g

Tools

Hammer - ove: 13 kg (2.75 1lbsa)
Two shifting spanners 20 cm - (8")

File

Steel tape .mule 183 cm - (6 ft.)

Screw dri-er 20 em ~ (8v)

Centre punrch }

Punch 6.3 mm - (4") Diameter
Punch 12.5 mm - (%") Diameter
Drill 6.3 mm - (3") Diameter
Drill S mm - (3/16") Diameter
Pipe die 25 mm - (1") Diameter
Hacksaw

Wood saw
~1isel made from old L~-nd¢ Rover spring
iand drill (if available if not, holes can be punched)

Materials:

é Wood

109 em X 51 mm X 75 mm (43" X 2" X 3")
25,4 cm X 51 mm X 32 mm (10" X 2" X 13")
76 cm X 38 em X 19 mm (30" X 15" X )
18 mm X 25 om X 6.3 mm (7" X 1" X ")

Steel

One oil drum 19%.5 litres (45 galls)

Mild steel rod 170 c¢m X 12.5 mm diameter (67" X ")
Mild steel flat 102 ¢m X 38 mm X 6.3 mm (40" X 13» X 2v)
21.5 ¢m X 25.5 cm X 1L mm (83" X 10" X 0.394")

Two pieces of very thin metal (e.g. suclk labels)
6.3 cm X 10.1 cm (21" X &%)

Pipes & Fittings

Gas pipe, 114 c¢m X 12.5 mm nominal bore (45" X 1)
Four 90° elbews 12.5 mm (1") nominal bore

One socket reducing 25 mm (1") to 12.5 mm (3")

Une female X female elbow, 25 mm (1") nominal bore
One male X female elbow, 25 mm (1") nominal bore
Two nuts 25 mm {1") internal bore

Two nipples 25 mm (1") internal bore

wo nipples 12.5 mm (1") internal bore

One socket 12,5 mm (4") internal bore




Bellows Material

Canvas 109.,2 ¢m X 30,5 em (43" X 12")

Plastic Sheet (o0old fertilizer bag) 109.2 cm X 30.5 cm
([’3" X 12")

Steel banding (e.g. old packing case banding)
228.5 cm X 12.5 mm (90" X %n)

Nuts/Bolts

0.45 kg (1 1b} of 38 mm X 6.3 mm (13" X i") nuts and bol

Screws

20 51 mm (27) wood screws

10 9.5 mm (2") wood screws
Nails

One bhex of large head tacks
Draving Pins

One box of drawing pins

Other Materials

Cld car or cycle tyre inner tube

20 kg (44 1bs) of ant-hill soil




KEY

ITEM DESCRIPTION
Aa 0il drum. Steel. 194,5 litres (45 galls)
Ab Rim of drum.
Ac Top of drum made concave to a depth of 12,7 cm (5")
Ad Half of centre section of drum is cut away
Ae Seam of drum
Af Home-made cutting tool (old car spring)
Ag Sharpened edge of cutting tool
Ah Fire bricks (made from crushed ant-hill soil)
Aj Shield made from cut-aw.y centre sectiion (Ad)
Ak Piece of 12.5 mm (") diameter steel bar to

support return spring (Bx) of pedal arm (Bc)

Ba 38 mm X 6.3 mm diameter (134" X 1") nuts & bolts.
Bb Pedal arm support plate. Mild steel
Bc Pedal arm. Mild steel
Bd Pedal arm pivot bracket. Mild steel
Be Bellows top. Wood 19 mm (") thick
Bf Banding. Thin steel 12.5 mm (1") wide
Bg Pivot stand side support bracket. Mild steel
Bh Pivot stand. Mild steel. MNote attach this part
before fitting air outlet elbow (Ce)
Bj Mounting beam. Wood
Bk Air outlet box. Sheet metal 1 mm (0.0394")} thick
Bl Valve holding strips. Hard wood. 2 off
Bm Valve flaps. Very thin metal, must be flat. 2 off
Bn Bellows base, Wood 19 mm (2") tlLick
Bo Bellows fabric. Leather/canvas/polythene
109 cm X 30.5 ecm (43" X 12")
Bp Bellows base support. Wood. 53 cm X 5 ¢m X 7.6 cm

(21" X 2" X 3") 2 off. Note length of these
pieces can be varied to suit sire of o0il drum

Bqg Screws to attach bellows base (Bn) to bellows

base support (Bp)
Br Bellows air inlet/outlet hoties
Bs Hole for attachment of bolt for pivot bracket (Bd)
Bt 4 holes for screws (Bg)
Bu 90° twist {metal hot) in pivot stand (Bh)
Bv Air outlet hole in ocutlet box (Bk}
Bw Template for wire former for bellows pedal arm (Bc)
Bx Return spring or rubber inner tube for pedal arm (Bc.
By Bend air cutlet box {Bk) along dotted lines and

make up as shown
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ITEM DESCRIPTION

Aa 0il drum. Steel. 194.5 litres (45 galls)

Ab Rim of drum.

Ac Top of drum made concave to a depth of 12,7 cm (5")
Ad Half of centre section of drum is cut away
Ae Seam of drum

Af Home-made cutting tool {(old car spring)

Ag Sharpencd edge of cutting tool

Ah Fire bricks (made from crushed ant-hill soil)
Aj Shield made from cut-aw.y centre seciion (Ad)
Ak Piece of 12.5 mm (1") diameter steel bar to

support return spring (Bx) of pedal arm (Bc)

Ba 38 mm X 6.3 mm diameter (13" X 4") nuts & bolts.
Bb Pedal arm support plate. Mild steel
Be Pedal arm. Mild steel
Bd Pedal arm pivot bracket. Mild steel
Be Bellows top. Wood 19 mm {(3") thick
Bf Banding. Thin steel 12.5 mm (3") wide
Bg Pivot stand side support bracket. Mild steel
Bh Pivot stand., Mild steel. Note attach this part
before fitting air outlet elbow (Ce)
Bj Mounting beam. Wood
Bk Air ocutlet box. Sheet metal 1 mm (0.0394") thick
B1 Valve holding strips, Hard wood. 2 off
Bm Valve flaps. Very thin metal, must be fiat. 2 off
Bn Bellows base. Wood 19 mm {2") tlick
Be Bellows fabric. Leather/canvas/polythene
169 cm X 30.5 cm (43" X 12"}
Bp Bellows base support. Wood. 33 cm X 5 em X 7.6 cm

(21% X 2" X 3v) 2 off. Note length of these
pieces can be varied to suit sire of oil drum

Bg Screws to attach bellows base (Bn) to bellows

base support (Bp)
Br Bellows air inlet/outlet hotes
Bs Hole for attachment of bolt for pivot bracket (Bd)
Bt 4 holes for serews (Bq)
By 950° twist (metal hot) in pivot stand (Bh)
By Air ocutlet hole in outlet box (Bk)
Bw Template for wire former for bellows pedal arm (DBc}
Bx Raturn spring or rubber inner tube for pedal arm (Bc.
By Bend air outlet box (k) along dotted lines and

make up as shown




Ca

Cb
Cc
ca

Ce
Cf
Cg
Ch

CJ
Ck
cl
Cm
Cn
Co

Cq
Cr
€s
Ct
Cu
Cv
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Poaition of bolt which attaches pivet stand side
support bracket (Bg) to gide of drum

Blower nozzle made from 12.5 ma (3") bore pipe
102 mm {4") long

Firs hearth. {top of drum hammered concave)
Fit bellows esaembly to drum aes shown

4 screws through the side of drum to attach the
ballows base support pleces (Bp)

25 mm (1") bore F.F. pipe elbow
Air outlet pipe nipple
Helding nute for outlet pipe nipple

25 mm {1") diameter hole in drum for pipe to
pass through

25 mm (1"} bore pipe elbow
25 mm (1") bore pipe nipple
25 mm to 12.5 mm (1" to 4") reducing eocket

12,5 mm (3") bore pipe

12.5 mm (4") bore pipe slbow

12.5 amm (3") bore pipe

12.5 mm (3"} bore pipe elbow

12,5 mm (") bore pipe nipple
12.5 mm (4") bore pipe elbow

12.5 mm (}") bore pipe nipple
12.5 mn {4") bore pips elbow

12.5 mm (") bore pipe

12.5 mm ($") bore pipe socket

Pedal loop
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THE RURAL OIL DRUM FORGE

CONSTRUCTION DETAILS

Note: The Key letters in brackets refer to the items indicated
in the drawings attached.

FORGLE TOP AND CUT-AWAY

The o0il drum (Aa) should be stood upright with the filler
hole at the bottom. If the rims (Ab) are badly bent they should
be hammered straight so that the drum stands firmly with the top

even and circular in shape.

To form the curved fire hearth in the drum top a ball pein
hammer of 1; kilos (2.75 1lbs) is required, using the hammer face
and not the ball end. Starting at the centre and working out-
wards in circles, the drum top is hammered in to a depth of
12.7 cm (5") at the centre as shown at (Ac). Heavy hammer blows
in one spot must be avoided as this can lead to splitting of the
metal. This operation can be done, with care, without having to
anneal! the metal. However, if difficulty is experienced a fire
can be made in the drum top to bring the metal to 'red' heat;
the fire is then left to go out and the metal must be allowed to
cool down slowly on it's own (do not pour water on the hot metal).
After the above described heating treatment, the metal will be
soft enough for hammer work to form the required bowl-shaped fire
hearth.

The next step is to cut away the mid-section (Ad) of the
drum to make room for fitting the bellows unit. To determine
half of the circumference use the seam (Ae) of the drum as a
starting point, and with a piece of string or a flexible tape
wrapped around the drum, mark the half-way point by two chalk
marks, one on each of the two intermediate ribs. The drum is
laid on its side and the removal of the drum mid-section carried
out using the home-made cutting tool (Af). With the tool held
at 90° to the drum seam, hammer the sharpened edge (Ag) through
the metal, proceeding along the rib lines until the chalk mark
is reached on each of the ribs. The metal is then cut between
the ribs, one cut along the drum seam line and the other cut in
a straight line connecting the chalk marks. The mid-section (Ad)
can now be removed, and is put aside for use later on in ‘the forge
construction. The sharp edges left by cutting are dangerous and

should be turned inwards using a small hammer.




THE BELLOWS UNIT

Follow the attached drawings in the corstruction of the
bellows components. The bellows top {Be) and bellows base (Bn)
are cut from 19 mm (2") thick timber. Both the air-inlet and
air-outlet holes (Br} must be drilled with care so that the wood
does not split between adjacent holes. The valve flaps (3m) can
be made of any thin sheet metal, but must be sufficiently flexible
to lift out and allow the full 'bellows-volume' of air to be
drawn in and out during operation. The thin metal label tags
used on crop sacks are suitable for the valve flaps. The inlet
valve is fixed on the upper side of the bellows base (Bn) and che
outlet valve on the underside, care being taken to ensure that
the valve flaps are positioned to cover completely their respective
g2t of holes (Bt). The valve flaps are secured in place by hold-
ing-down strips (Bl}, the screws of which must not go through the
flaps as this would tend to buckle the sheet metal.

Ei Fix the pedal arm pivot bracket (Bd) to the bellows top (Be].

Make up the air outlet box (Bk) of 1L mm (0.394") thick sheet
metal. Fit the air outlet 25 mm (1") pipe nipple (Cf) into the
box outlet aperture (Ch) using securing nuts (Cg), one nut on the
inside and the other on the outside of the box side. Screw the
25 mm (1") bore pipe elbow (Ce) onto the pipe nipple (Cf} so that
the elbow end points upwards. When fitting the outlet box (Bk)
to the bellows base (Bn), ensure that the outlet flap valve (Bm)
is central within the outlet box. The edges of the outlet box

can be made airtight using soft solder or putty.

Fix the bellows base (Bn} to the wooden bellows base supports
(Bp) with four screws (Bqg) as shown on Page 19.

The material used for the bellows must be airtight. If
supple leather is available this is the best material to use.
Certain types of canvas can also be used, but if too thin they
will allow air to escape when the bhellows are compressed. A satis-
factory compromise was found by using canvas on the outside, for
support and strength, with an inner lining of strong plastic (in

this case an old fertilizer bag) to make the bellows airtight.

Cut a strip of canvas (Bé6), 109.2 c¢m X 30.5 cm (43" X 12")

in size, and a piece of plastic sheet for the inner lining of the
sapme dimensionsa,

Attach the bellows plastic irner liner to the outer edges of
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both the bellows top (Be) and the bellows base (Bn) with drawing
pins spaced approximately 25 mm (1") apart, ensuring that the pedal
arm pivot bracket (Bd) is parallel to the centre lines of the
bellows base supports (Bp). Make = veral folds of the two edges

of the plastic liner at the point where they meet together (smear

glue on the edges being folded together) and secure the seam joint

by stitching. The bellows outer canvas (Bo) is fitted over the
inner liner to the edges of the bellows top and bellows base,
strips of steel banding (Bf) 12.5 mm (") in width, with small
holes made by a nail at 25 mm (1") spacing, being used, and the
ste=l bands held in place with broad-head tacks. It should be
arranged that the canvas joint seam does not coincide with that

of the inner plastic liner to help reduce air leakage to a minimum.

Note: The bellows are intended to provide a steady air-stream flow
and are not built to give high pressure. Therefore no attempt
should be made to block the outlet to see how much pressure is

available as this may result in damage to the bellows.

Fit the bellows unit into the drum, as indicated by the dotted
outline in the section-plan view on Page 19. The bellows base
supports (Bp) rest on the drum bottom, and the ends of the base
supports are secured in position by four screws (Cd) through the
side of the drum. When fitting the bellows.unit it should be
positioned 89 mm (31") off-centre from the centre line of the drum

cut-away, this measurement being made at the drum circumference.

AIR PIPES

Join up the air pipes as shown on Page 27. When measuring

the length of 12.5 mm (") bore pipe required, 12.5 mm (") extra
iength should be allowed for at each end for the threads.

To the elbow (Ce) is connected a 25 mm (1") bore pipe elbow
(Cj), followed by a 25 mm (1") bore pipe nipple (Ck), then a 25 mm
to 12.5 mm (1" to 1") reducing socket (Cl), a 12.5 rm (}") bore
pipe (Cm), 12.5 mm (4") bore pipe elbow (Cn), 12.5 mm (4") bore
pipe (Co), 12.5 mm (3") bore pipe elbow (Cp), 12.5 mm (3") bore
pipe nipple (Cq) passing through the hole (Ch) in the drum side,
12.5 mm (3"} bore pipe elbow (Ct), 12.5 mm (}") bare pipe nipple
(Cs), 12.5 rm {1") bore pipe elbow (Ct), 12.5 mm (1") bore pipe
{Cu}), and a 12.5 mm (3") bore pipe socket (Cv) to blower nozzle
(Ca). The blower nozzle (Ca) should be made about 102 mm (4")
long with outer end closed and the other end threaded to fit the
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12.5 mm (1") bore pipe saocket (Cv). The nozzle should be drilled
with about 20 holes each 5 mm (3/16") in diameter along the top
and sides in order to spread the air blast. The blower nozzle (Cu)

is easily replaced when it becomes burnt out through use.

BELLOWS PUMPING PARTS

The pivot stand (Bh) is made to the dimensions as showm on
Pageil, a 900 twist being made following heating of the metal at

the point (Bu) as indicated on the drawing.

The pivot stand (Bh) is secured by a screw to the mounting
beam {Bj} which is then screwed down in position on the bellows

base supports as shown in plan view on Page 9.

The pivot stand support bracket (Bg) is bolted to the side

of the drum as indicated at (Bz) on Page 7.

The pedal arm support plate (Db) is made to the dimensions

given on Page !3.

To facilitate construction of the pedal arm (Bc), first make
a wire template (Bw) to the full-size scale as given on Page !5,
allowing an extra 254 mm (10") from the point indicated by the
arrow X for the pedal loop (X). The pedal arm (Bc) is then made
of 12.5 mm (1") diameter mild steel bar, matched to the wire
template, to the dimensions as given on Pages 3 and '7, The
pedal arm (Bc) is bolted with its support plate (Bb) to th2 pivot
stand (Bh) and the pivot bracket (Bd).

At a point 89 mm (31") above the support bracket (Bg) and in
line with the pedal arm, a 12.5 mm (}") diameter hole is drilled
through the drum-side and a similar hole made on the opposite side

of the drum to take the pedal arm spring support rod (AK).

If available, a metal apring can be used as the return spring
for the pedal arm. Alternatively a suitable length of old car
rubber inner tube can be used. The pedal return spring (Bx) is

positioned as shown on Page .

THE FIRE HEARTH

Bricks (A1) for the fire hearth (Cb) can be made from crushed
ani-hill soil. The bricks of 50 mm X 50 mm X 19 mm (2" X 2" X 2")
should be laid in the hearth while they are still moist and allowed

to dry slowly, the drum standing in the shade, The bricks should



be dampened to avoid cracking if they appear to be drying out
too quickly.

The pipe (Cu) should be protected from the forge heat by

covering it in clay.

A =hicld (A4} for the fire hearth can be made from the drum

centre .ut-away section (Ad)

THE FORGE IN USE

The forge can be started easily by using a small quantity

of paper and wood together with charcoeal.

The best results are obtained by pumping the bellows aslowly

with long firm strolies.

Unce the fire is going with the charcoal fully ignited, it
will remain alight for several hours, a few pumps on the bellows

Leing used to bring it up to the required working heat.
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Introduciion:

The Fan Opsrated 011 Drum Forge was developsd to glve a more
professional piece of equipment for blecksmiths' workshops thanm the
existing bellows type. Anyone who hes mads the bellows forge and
mow has accesz to & little mowe egquipment may like to comvert their
forge.

4s with the bellows forge mamy possibilities ere left opsn to
the craftamer with an ingenious mind. So lomg &a the begic diman-
slons are followsd, there is no resacn why the builder should not
uge mliternative mmterials - for example, if ball reces ars avail-
able they may be used im preference to the weod beoarings.

Access to arc or gas velding equipment is required, end the
job is made much sasier if & l6am (7/84) capacity eleotrie-arill
is avallsble.




Tools reguired

Metal drills - 3 o=, 5 om, 5 mm, 12 om, 16 ma,
(L’Bu' 3/16!1' 1/4"’ 1/2“’ 5/6")

Hand dxill or preferably electrio drill
Steel rle, protractor, end compasses
Cantre punch

Clamy
Hivet set

Hammer

Hackaaw

File

Two shifting opamers 20 cn {B8")
Ring spanger for € mn (1 4"} bolte
Die 12 mn Y2v dia.

Woodeaw

Chigsel

Yateriale required

Wood

tit Degcription

2 5C mm x 50 mm x 25 mm herdwood (2" x 2% x 1%)

2 585 mm x 50 mm x 38 mm hardwood (23" x 2" x 11/2'-)

1 110 mu x 36 mm x 38 mm hardwood (41747 x 12 x 112wy

1l 50mx50mx20mha.rdwood(2":2":5/4")

2 355 mm d1a. x 6 mn  plywood (147 dla. x Y4v)

1 305 ma dis. x 20 am  plywood (12" dia. x /4

1 Approx. 400 mm x 400 om x 35 mn lumber (16" x 16" x 11/2")
Steel

tit Description

1 250 an dia. x 3 za thick, flat mlld steel (9" die. x /8n).

1 850 om x 76 mn x 3 mn mild ateel (33" x 3" x 1/8") OR

1 650 mn x 102 mm x 3 am mild steel (25* x 4 x /gv)
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Desoription
300 m x 260 m x 1.6 m steel sheet (1117160 x 104" x Y 16w)

855 mm x 102 ma x 1.6 mn steel sheet (355/9" x 4" x 1/16")
140 mm x approx. 350 m x 1.6 mm steel sheet (51/2" X approx, 12" x
1/15u)

125 m x 65 mm x 1.6 mm steel sheet (5" x 21/2" x 1/16“)

250 mm of 6 mn - B m dia. mild steel bar (11" of 10v-/4n asa.)

200 mm of 12 mn dias mild steel bar ( 8" of /2w aia.)

255 mm of 16 mm dia. bright drawn steel shaft (10" x 5/8" dia.)

305 nm of 16 mm dia. bright drawn steel shaft (12" x 5/3" dia.)

520 mm of approx. 6 mm dia. x 1.6 mm tubing (21" of approx. 1/4“ dia.
x 16 Sva)

280 mz of 50 mm x 50 mm angle {15" x 2" x 2")

Buts & Bolis

guantity
8

@ e b B

Description

40 mm x 6 mm (11/2" x 1/4")
65 m x 6 m (2 2v x ¥ qm)
5mx6m (3" x 1/4“)
90 m x 6 m (3520 x ¥ 4gm)
115 m x 6 m (422" x Vygm)
165 on x 6 mm (620 x Y/gw)

75 mm %12 mm (3" x 1/2")

Qther Materials

4 mte

2 washers
5 washers
30 rivets

20 nails

- 12 m (Vow
12 mm (1/211)
16 m (7/am)

12 m x 5 o asa. (o x 16v)
150 mm (6™)
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4 steel pina - 25 om x 3 mm dia, (1" x 1/8")

2 gteel pins -« 55 mo x 3 mm dia. ( 21/4" p 4 1/8“)

2 steel ping - 65 mm x 3 mm dia, (21/2" x 1/8")

Small pulley =~ 38 mm dia. (11/2“) cast iron or elluminium, or made from &
63 mm (21/2") die, piece of hardwood.

Tee belt

Hetal boss - 50 m@ dia. x 25 mm mild ateel (2% dia. x 1%)

014 bicycle chainvheel, crank and spindle agsembly.

(014 bicycle rear wheel sprocke’

0ld bicycle chain,




Fan back plats

Fan blade

Fam bub

Fan blede supporting ring
Fan axle

Fen cowling

Left-hand fan side plate
Right-hand fen side plate
Tubular spacers

large pulley aides
Large pulley centre
Large pulley hub
Large pulley bearing
large pulley axle
Sprocked

Small pulley

BF EEHERBREEFBE E

g

§ B §E

Front base angle

Back base angle

Left hand wooden upright
Right-hand wooden upright
Wooden spacer

R - A -

Suppoxt bar
Fz Ar chute

Ga Air ontlet grill

Gb Vee belt

Hd Chaimvheel, crank and spimndle assembly
Gd Chain.
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Made from a piece of 3 mm (1/8%) thiok mild stesl plate from
which it is lexge spough to out & 230 ma (9") die. circle. HMark the
centre clearly with ths centre-punch snd drev the eircle using &
pair of ocompaeses, Divide the piate into 8 equal paris by mariing
with lines which will later be usped to position the fan blades. The
ergle between each blade will be 45°. Drill a 1€ mm (5/8") dia. hole
exactly at the centre of the plate.

FAK BLATES

Blght of theee &re regnired., Make the [iret one ae showm in
the drewing using the 050 mm (33") or 650 mm (25") length of 3 mm
(1/ 8%} mild eteel. Use this first blade as a template and Jig for
making the other seven blades. Finally bend all eight btlades at 90°
glong the line shown.,

These are identical end are made from the two plecea of 50 mm
(2") x 50 mm (2") x 25 mm (1") heardwood. Mark the cemtre and draw
the 50 mm (2") dia. oircle. Chisel to shape or turn on a lsthe.
Drill the four 6 mm (1/4") dia. holep and the 3 mm (1/8") dia. cross-
hole as shown. Finally drill the i6 mm (5/ A7) dim. hole through the

centia,

Bend the 280 mn (11") length of 6 m - 8 m (10" - Yav) asa.
bar into & 90 mm (31/2“) dia. ring, and braze or arc veld the smds
together.

FAH AXIE

Use the 255 mm {10") length of 16 mm (5/8") dia. bright drewn
gteel shai't.
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EAN BIATF ASSEMBLY

Line up the fan back plate and fan bhub by sliding them togetheor
on the axle, Drill through the four 6 mm (1/ 4") dia, holea., Now slide
the axle s¢ that its end just emerges from the wooden hub and carefully
drill through the 3 mm (IXB") dia. cross hole, Tap & 55 mm (21/4") x
3 mn (*/8") pin into the hole - it should be a good tight rit.

Resiove the back plate, set the back edges of the blades against
the marked lines and clamp in place. Drill through the 5 mm (/16v)
dia. holes and rivet tke fan blades in poasition. The blade supporting
ring can now be set in place and brazed at each point it contacta the
blades,

Finglly, reposition the back plate and blade assembly on the axle,
and Tasten to the hub witn the four 40 mm (1/2) x 6 mm (/4") mute and
boltig.

FAN CO

Bend up from the 855 ma (355-"3“} length of 102 mm (4*) x 1.6 mm
(1/16“ or 16 SWG)} steel sheet into the shape shown in the drawing. This
is done by first making the 90° bend 50 mm (2") from one end of the strip.
Mark the required shape on the large piece of wood using chalk. Kaock
150 mn {6") nails into the wood at intervals of about 50 mm (2") along the
chalk line, making sure that the nails stand up at least 102 mm (4"). Hook
the 90° bend round the first pail and bend the strip round the outside of

the other nalis. The bent cowling will apring out of shape but this will
not harm.

FAN SIDE PLATES

Cut from the two pieces of 300 mm (1115/16") x 260 mn (101/4") X
1,6 mo (‘1’r 16") steel sheet. Both plates should have the same finished
shape - this can be done by clamping them together for final filing.

With the plates still clsmped together, mark the centre and using
a pair of compasees draw the 102 mm (4") dia. circle and the 248 mm
(93/4") dia« circle me shown. Locate the position of the ten 6 mm (1/4“)
dia. holes and drill them through both plates. Drill a 16 mm (*/8") dia.
hole through the centre. Now unclamp the plates and cut out the 102 mm
{4") dis. hole which has been marked out already., This plute will later
be referred to es the lefi-hand fan side plate.
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TUBULAR SPACERS

Five of these are regquired. Masde by cutting the 520 =m (21")
length of tubing into 101 mm (3°/32%) lengtha.

AN C AS

The fan case is assemblod with the fan blade assombly ineide.
Pass the fan axle through the 16 mm (°/6v) dia. hole in the right-
hand fan slde plete., Position the ocwling so that it surrounds the
fan bladea. Now line up the iefv-band aide plate with the right-hsand
plate, and push the eight 115 mm (41/ 29} x 6w (1 4") bolte into
poeition. lesving holes 1 and 5, Pmd using thes tubular spacers for
holes 2 = 4 « 6, These vill stop any distortions of the side plates
vhen the mits are tightened. The bolts axd apacers for holes 1 and
5 ere Cot positioned at this stage.

LARGE PULLEY AXLE

Use the 305 ma (12*) length ¢f 16 mm (5/8") die. bright drewm
steel ahafi,

LARGE PULLEY

Hade from three ciroular pieces of plywood and the larges pulley
hub, Take care whea making these parts - the axle hole nreds to be az
near the exact cemtre mas poseible for the pulley to run true, so mark
the centres c¢lesrly.

The sides of the pulley are made by cutting two 355 mu (147) dia,
piecea from € mm (1/ 4") ply. The centre of the pulley is mado by cutt-
ing & 305 m» (12"} dia. diec from 20 mn (5/4") ply. Mark the position
of the four &6 mm dis. holes on one of the pulley sides as shown, Now
drill a 16 ma {>/8%) die. hole at the exact centre of these three pleces
and pu.h them tcgether on the pulley axle.

Irill the four holes that have already been marked and festen
sogether with four 40 mm (17/2") x 6 m (¥4) volta.

Kow alide the hub onto the axle, push it up agajnst the pulley,
and 4rill the four 6 ma (1/4%) dia. holes. Pimally bolt the bub .n

placs vith the four 65 mm (21/2") x 6 mm (1/4") bolts and remove the
exle.
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TARGE PULLEY BEARTNCS

Two of thege are required. Make them from the 110 ma (4%/4m)
length of 36 mm (11/2") x 38 mn (11/2") hardvood as shown in the
draving. The 1% mm axle hole should be drilled as carefully as
possible to make a good fit.

SMALL, PULLEY

If a cagt pulley of alluminium or iron is awvailable thie would
be ideal. If not, one will have to be made from wood by hand ( or
turned if a lathe is available)., The'V’ belt groove will depend on
the type of belt that can be obtained. Turn the belt inside out so
that ite form is on the outside -~ it can then be used as a pattern
when cutting the grwove in the pulley.

BASE ANGLES

Two required, made from the two 380 mm (15%) lengths of 50 mm
{2v) x 50 m= (2") angle. Mark out and drill the front base angle as
shown in the drewing. Place hack to back with the back base angle
{see drawing of fan cage and upright assembly) and drill through the

four 6 mm dia. holes. Place base to base and drill through the two
12 mm dia. heoles.

WOODEN GHTS

Tuo Tequired made from the two 585 mm (23") lengths of SO mm
(2*) x 38 mm (11/2") hardwood. Clamp the two lengths carefully to-
gether with the 50 mm faces againat each other amd drill the 16 mm
dis. and 12 dig. holes through both uprights. ¥ow carefully re-
clemp the uprights together, this time with the 38 mm faces ggainat
each ovther ard driil the 6 mm dia. bearing - mounting holes using
one ‘of the large pulley beerings as a jig to be sure of getting the

-  holes to mateh up. Do not drill the botitom holes at this stage.

WOODEN SPACERS
Tyo required, made from the 50 mm (2") x 50 mm (2" x 20 mm
(3/ 4%) piece of hardwood,

SUPRORT BAR

Mede from the 200 m (8") lenmgth of 12 mm (/2%) dia. mild steel
ber by threadiang each end for a distance of 70 mn.
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UPRICHT ASTRMGLY

Position the large pulley bearings on the uprights end locate
the four 90 mm (51/2") x 6 Em (1/4") bolts - do up the mute to finger
tightnees. BRun & mt down each end of the support bar, then put eaock
upright on followad by a washer and mut on the outeide. Line up the
bearings by positioning the large pulley axle, and adjust the inner
mite on the support bar to give 89 mm (31/2") between the inside faces
of the uprights. Tighten the outaide mits on the support bar.

Fow clamp the uprighta im position between the baae angles, mak-
ing sure thet all is square end that the distance between the uprights
is 89 mm (51/ 2") at both the top and the bottom. Tighten the bearing
bolis and check that the axle will turn smoothly.

Ivill the four & m dia. holes through the holes in the bass
argles and through the wood uprights. Position the four 75 ma (3")

x 6 om (1/4") bolts in these holes and fasten the muts.

A LY OF FAR CASE UPRIGHTS

The fan case easembly and the upright assembly are now ready to
be pnt together. The air outlet chute should be on the game side as
the pulley bearinga. First of all two holes muat be located and drill-
ed in the left-hand wocden upright. This is done by pushing the fan
exle through the 16 mm dia. hole in the left-hand upright amd then
through the corresponding hole in the right-hend upright. Slide the
assembly until the right-hend fen side plate is up against the left-
hand upright and holes 1 and 5 are on the upright centra-lins. Care-
fully mark the position of these two holes. Now remove the fan case
essembly aud fan axle and drill two 6 mm (/4") dia. holes straight
through the left-hsnd upright at the located poeitions., Final assembly
can now begin,

The fan axle ia pushed through the left-hand upright es before.
How slide the small pulley onto the axle, boss to the right, followed
by & 16 mm washer. If the fan-belt to bs used is without a join 1t
will have to be slipped over the exle &t this stage. HNow push the
axie the reat of the way, through the righi-hand upright and positinr
another 16 mm vesher on the outeide. Do mot drill the orcee holes yot.

locata the two 165 mm (61/2") x 6mn (1/4") bolts, peseing them
through the aide platea and tubuler spacers, through the wooden gpaders,
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and finelly through the left-hand upright. Fasten the mata.

With the fan case nov mounted, rotate the fan axle. If the
fan catehes inslde the csse, slide the axls from =ide to elde until
the fan clears and turns freely. Now drill the two 3 mm (1/8") die.
crosg holes through the axle as close s poselble to the weshers.

Tap & 25 mn (1%} x 3 mm (1/8") die, steel pin into each of theso holes.

Hemove the lerge pulley exle far emough to allow the large pulley
t0 be placed im position. Now push the axle through the uprights until
& 12 mm (3/2) length remains cutside the left-hand upright. Place &
16 mm wesher over each end of the axle and slide them up ageinst the
pulley beerings., Drill 3 mm dia. croes holes through the axle es close
as poseible to the wvasghers.

How position the large pulley midewey beiween the uprights and
drili]l the 3 m=m dia, cross hole through the hub and shaft. Do not put
pins in these holes yet. Slide the small pulley on the fan axle so
that it rums ewmectly in line with the large pulley, end drill through
the 3 mm dia. croes hole. Tap a 65 mm (21/2") £ 3mm (1/8") pin into
this hole. Tae large pulley amdi axle mmet novw be removed befors the
essembly cun be positioned imside the drum.

Mouni ss follows: cut & elot 102 mm (4") x 38 mm (11/2") in the
top cemtre of the drum, place the assembly on the two wood aupporis in
the base of ths drum so that the fan outlet is in line with the hole cut
in the top o. toe drum., With the cutaway in fromt of the drum fecing
you, the pulley agaambly should be on your right. Hold the aseembly
down with the four 75 mm (3") x 12 mm (1/2") bolts through the baase
engles snd base support iimbers.

Reassemble the axle and pulley, (remembering to position the far
belé if it is without & joim) amd push the axle through the bearings
until it touches the inside wall of the drum. At this point drill or
punch & 16 mn dia. hole through the drum well and weld & tnick 16 mm
vagher in position %o support the pulley axle. The axle can now be
pushed into its previous position, the washexra loocated and the pins
tapped imte the cross holes.

The air clute mxet nov be made by bending up the two pleces of
140 = (5”2") wide x 1.6 mm (1/16“) steal eheet. The length nseded
raat be measured from the sotuval job « it will be equsl %o the distancs
from the fan outlet to & poimt about 20 mm (1) above the slot in the
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drun hearth. Cut the pisces to the corxrrect lsugth and bend each plece
into an L' shape, 102 zm (4%) by 38 m (11/2") to form a box section
when thsy are put together.

Pugh the chute up through the undergide of the drum hearth and
then bring down over the fan ocutlet end tack weld in position.

Make & grill from the 125 ms (5") x 65 mm (2/2) x 1.6 m
(1/ 16") steel sheet to cover the air chute outlet in the top of the
drum. The holes should be 3 mm (l/ 8"} dia.

The 'V? belt being used will probably have to be joined. Memsure
round the two pulleys with & length of string as a rough guide and add

a little to thie length. If the belt is not tight cut & small plece off
and rejoin.

Cut the complete chaimvheel assembly from an old or damsged bicyele,
leaving ebout 75 mm (3") of the frame tubes. Remove the crank from the
side cpposite the chainwheel, Make & hole in the gide of the drum, above
ani in line with the protruding large pulley axle. The hole should be
large encugh %o take the spindle bearing housing, Weld the assembly in
place at the points where the short lengths of frame tube contact the
drum. It pay be mecessery io make & bracket if the cramk does not feel
rigid emough. Make sure that the chaimvheel runs as near as poesible
at 90° to the large pulley axle.

The small sprocket will have to be welded to a metal boss drilled
with a 16 = (5/8") diz, hole., It can then be fitted and lined up om
the large mlley axle and cross drilled for securing with a pin.

Meesure round chaimvheel and sprocket to get the correct chain
length and remove links to obtain the best fit,

CPERATTIOR

The crank is turned ANFI-CLOCEKWISE to operate the fan,

Keep ell moving perts WELL OILED, especially the wood bearings for
the fan and pulley axles,



~ 34 -




= 35 -

FAN CASE 2 UPRIGHT ASSEMBLY
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FAN CASE ASSEMBLY
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