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Bottom board

and windchest frame,
with attic dust from past decades
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This drawing shows successive steps turning on one of the 442 electro-pneumatic
mechanisms in the chest, controlling airflow to the pipes, placed on top.
A magnet valve on the bottom board activates a small primary amplifier valve. This in
turn controls a secondary bellows on the right wall, which finally opens the top pallet.

Windchest operation
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On the inside of the bottom board
is the row of magnet windings,
and under the long bridge are the
white primary bellows, covered
by Zephyr skin, now rather
damaged and disintegrated.

Bottom board outside with the
magnet valves. Some have to be
repaired or replaced. The
primary valve stems come
through a long guide strip.
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the valve stems are screwed
out using a chuck handle.

Taking apart

After the primary valve
seat and guide rail have
been removed,
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The bellows carrying rail is
unscrewed.

The primary bellows are cut loose
with a sharp spatula, penetrating
the soft leather or blotting paper
washer, glued in between the
bellows and their bridge.

Primary bellows
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Then immediately removed
with a sharp scraping iron.

The remains of glue and washers
are softened with a damp rag and
a moderately hot iron.
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and cleaned with a scraping iron.

The bellows are soaked for about
one minute in 40-50 degrees
centigrade water,
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After several hours drying the
bellows leaves are lightly sanded
on all sides to remove any
fragments and wood fibers that may
protrude after the soaking.

The inner edges of the leaves are
slightly beveled.
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The only acceptable binding agent for re-leathering is hot hide glue. This is held
in a high glass jar at about 60 degrees centigrade, using a thermostat controlled
baby bottle heater.

A syringe is convenient to add small amounts of water, to compensate for
gradual evaporation.

Glue
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Pairs of bellows leaves are held in
place by a special clamp jig. The 1
by 4 inch leather strip is centered
on a leaf  long side, and the strip
end is held by a weight.

The strip is momentarily
folded away to allow for
glue application, then back
in place.

Re-leathering primaries
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Since the glue binding time is only
a few seconds it may be wise to
reflow the glue by heating with the
iron for a second or two.

The outer end of the strip is glued,
leaves still held in the clamp.
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The rest of the strip is glued,
holding the bellows by hand. The
final glue brush stroke is applied
to the leather edge rather than to
the leaves.

The leather is trimmed flush with
the leaves.
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The leather is folded into shape.
A blotting paper mounting
gasket is glued and held flat for a
moment by a weight.

The leather is sealed for air
tightness using silicon RTV,
diluted with five to ten parts of
benzine.
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Replacing a broken ‘dag’ screw, the S-
bent magnet retainer, is some of a
challenge. The threaded part of the
broken dag is buried at the bottom of
the hole and stops you from inserting a
replacement at the correct place.
First the magnet leads are unsoldered
and the magnet is taken away.

This special drill was fabricated
from a 6/4 mm dia iron tube
(actually a meccano part) where four
teeth were made with a file.
A wood stick with a matching hole
is used to support the drill when
drilling is started.

Broken dags
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The support stick is clamped in place
such that its guiding hole is centered
over the hole in the board.

The material around the broken stump
is removed with the drill in a plain
handheld drilling machine. Since the
drill has very little room for chips you
have to proceed in small steps and
repeatedly clean the chips out.

When the hole is some 6 mm deep
the broken stump can be gripped
and unscrewed using pointed nose
pliers.

The guide stick can be removed
once the hole is deep enough.
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Once the stump is out you can clean
drill the hole with an ordinary 6 mm
drill, going about 15 mm (5/8”) deep.

The hole is plugged with a dowel,
permanently glued with either hot or
white glue. Then the surface is cut flat
and a small new center hole is drilled.

To avoid future stripping of the threads
it is essential that the fiber direction in
the dowel is across, the same as in the
surrounding wood.

Such plugs may be cut with special
tools, similar to the drill above. But it
is not too difficult to shape them
accurately enough by hand, using a
belt sander.
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When glue has been applied to the
rail the bellows is rapidly put in
place helped by the centering tool.
After a few seconds when the glue
has settled the tool is moved to the
next valve, and the bellows are
compressed for a while with
wedges.

When gluing the bellows back, this
tool is to help the stem mounting hole
in the leaf come at the center of the
valve cavity. The pointed needle
slides in a tube. The tube has a collar
that fits loosely inside the cavity. The
chuck provides weight to hold the
device in place.

Installing primaries
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Jig for checking disk positions.

Valve throw is supposed to be
between 1/16” and 3/32”,          1.6
mm - 2.4 mm.

The disk outside span should be
that much less than the depth of
the valve cavity.

The valve stems are adjusted to be
all alike and defective parts are
replaced.

Adjusting valves
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The nuts must allow some
wobbling of the disks.

The bellows is maximally
compressed when the stem is
pressed toward the seat for the
activated position of the valve.

A wood block tells whether the
stem has been screwed in deep
enough - with the block in place
the stem is then barely immobile.
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This adapter tool is connected to
a vacuum cleaner. It allows for
checking the operation of one
magnet and its associated
primary valve, before the
complete board is mounted on
the windchest.

The device provides for
representative forces and pressure
differences within the mechanism,
though absolute pressures are
translated to the suction side.

Checking primaries
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Using the test adapter with the bottom board in normal orientation. Left the magnet is off and there is
no suction in the primary bellows under test. The bellows leaf is pulled down by the suction on the
lower valve disk. Right the magnet is on and the bellows contracted, lifting the valve stem. The 2 mm
valve throw indicated is barely visible.
The passive neighbor valves hang on the leather stiffness in an intermediate position. This may cause
a temporary ciphering while pressure is building up at start of the blower fan. The regulation shown
requires about 1.5 kPa (6 inWC) for the valve to close in the off position. Possibly all valve stems will
have to be unscrewed a few turns, unless time and gravity will pull the bellows more open.
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The bellows leaves are held in
place by the jig adjustable posts
and a spring tensioned spreader.
After holding the leather strip in
place with a weight, gluing starts
at the open end of the bellows.

The cutting of leather strips is
governed by a plywood template.

Secondary bellows

The bellows are cleaned same way
as the primaries. Normally the
hinge leather and muslin and the
acting tab can be left in place.
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The ends of the strip overlap at the
hinge end.

Then one long side is glued.

Next the bellows is turned upside
down in the jig and the other long
side is glued.
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Punching oblong holes in
blotting paper mounting
gaskets.

After trimming the leather
edges with a haircutter’s
scissors the mounting
gaskets and tab felt studs are
glued in place.

For ease of handling, blotting
paper mounting gaskets were used
rather than leather. Such are
sometimes accused of splitting
easily. Apparently this is true
while the gaskets are still wet in
the gluing process, but after
drying they appear rock steady.
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The frame
on its way
to the
workshop.

When the organ was dismantled in the 60’s, for logistic reasons the bottom boards (with
magnets and primary valves) and the toe boards (with note pallets) were unscrewed from
the frame. Though this has made the present restoration possible, alas the following
handling of the boards has caused some damage to them, and also their 294 mounting
screws with springs and washers were lost. These are now replaced by heretical modern
equivalents.

Chest frame
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Inside the Vox humana compartment
are original factory notes of the
destination of this organ
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A plain triangular boat scraper, ground
to be razor sharp, is ideal to remove
remnants of the secondary gaskets.

The same scraper can be used to
remove old gasket strips. With
short strokes you can advance 1 or
2 mm at a time, preserving the
gasket leather almost intact.
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Bottom board screw inserts

As the original inserts were
somewhat loose and their matching
screws lost, it was decided to
replace them with M6 ones with a
slightly larger outside diameter.
Their mounting holes were cleaned
into 9.5 mm diameter.

The new inserts were guided
using a wood block with
matching hole, clamped in
place. This block also prevents
splitting of the hole entry when
the inserts are driven in using a
ratchet handle.
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At a few critical places little wood chips
had to be glued in.

In the restoration these
gaskets were instead
perforated before they
were glued in place.
The frame is covered with
transparent tape and the
hole centers are marked.

Here you can see traces of a hole cutter
that was originally used by Wurlitzer to
perforate the frame leather gasket after it
had been glued to the frame.
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The tape is transferred to the gasket
leather strip and holes are punched,
guided by the marks.

The gasket is finally glued in
place.
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All guiding escutcheon pins are
easily pulled out with a levering
action of the pliers.

The untreated pallet seating
surface is cleaned from soot and
deposits with fine sandpaper on
a cork block.

Toe boards

Main operations are cleaning
and regulation
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Pallet springs cleaned by tumbling in fine sand for a
few hours.
It takes some patience to disentangle them afterwards.



2008-07-25 Skandiaorgeln windchest 34

The pallet leather and
felt are in good
condition, though
rather dirty at the felt
edges where soot has
accumulated.

Other sides of the pallets are lightly scraped and sanded, and a vacuum cleaner
is used frequently to take the dirt away.

The leather surface is rubbed with a sandpaper stick, sliding from the
middle toward the ends, such that the leather is not flaked off.
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After tumbling the guide pins are
reinstalled. They go rather easily into
their old holes and are secured by first
dipping their points in burnt shellac.

The pallet ‘spoon’ spokes are coarse
adjusted in a jig. When bending one,
it is held with the pliers close to the
wood.
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Pallet regulation

The toe board is put square
to the working surface.

Below are a few simple
tools to aid the work:

Feeler gauges for pallet opening
‘Spoon’ bending fork
‘Spoon’ height block
Coin bag to check springs
(Block for insert mounting)
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The original angle of the pallet spokes (in later
versions their ends were flattened into ‘spoons’)
make for an overkill in pallet opening, right example.
This makes the action unnecessarily sluggish. For a
fully open pallet it is enough the tip excursion equals
the width of the board opening, left.

The spoke is bent while held close to the wood
pallet by a special tool, such that the wood to
metal joint is not stressed. How much to press
the spoke ends down is given by a calibration
block (about 36 mm high) simulating the stop
rail in the chest frame.
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Tips of the spoke adjustment tool, made
from a 7 mm steel rod. The hand filed
grooves are about 2.7 mm wide, to match
the diameter of the spokes.

The tool tip with a groove in the
long direction is useful to finally
regulate the spokes, even later,
with the toe board in place on the
chest frame.
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The strength of a pallet spring is
checked using a bag of coins for a
weight, hung at the tip of the spoke.

The spring should balance the weight
when the pallet is partly open.
If not, the spring is taken out, its loop
adjusted by bending the spring legs
together or apart, then re-checked until
OK.

The springs were originally randomly
different in strength. They were set to
match 35 grams for the narrow pallets,
49 grams for the wider ones.
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Pencil strokes mark sideways position of a bellows.
Temporary wood sticks are inserted to hold the bellows down toward the frame
while the glue sets. The bellows are kept partly open by an 8 mm plastic tube,
such that the lower leaves are pressed down, without the maneuver tab
interfering with the stop rail, the one topped with red felt.
A distance to this rail is held by a thin wood strip.

Gluing secondary
bellows in place in
the frame

8 mm plastic tube

1.5 mm wood strip to hold
distance

Prop sticks

Stop rail
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Checking magnet armatures

All magnets are opened for inspection of their
armatures, the small copper plated iron disks.
The dag screws are loosened a quarter turn anti
clockwise to release the cover.
The disk is wiped clean and any dust particles
are removed to prevent ciphering.

A piece of plastic tube, connected to the
shop vac is very helpful, both when taking
apart and reassembling the magnet.
It holds the armature disk in place by
vacuum against its brass seat, such that it
is not misplaced or falls out to get lost.
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Finally, time to pressurize this rank of the chest to see how it works. The heart sinks
as the vacuum cleaner has trouble to raise pressure for all leaking! But it is not all
that bad. The magnet armature disks are the culprits, they cannot move freely the
way they should when the chest is standing on its side. After gently tapping the
bottom boards they shake in place and everything works.


