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Appendix 2

Second moment of area, |

The second moment of area of a number of common cross sections is shown in the
table below. Both J and | are used to denote polar second moment of area but J is
used here in order to differentiate it from moment of inertia, which is a'so commonly
denoted by I.

Cross section J
H 3
3 = BH
12
X B HB?
J, =
y
X d 4
J, =3, = d
32
y
4 _ 44
X + di | d> JX :Jy :]T(d2 dl)
32
\/
y
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Appendix 3

Moments of inertia, I

The moments of inertia of a number of common shapes with mass mis shown in the
table below.

Shape I

Thin rod about end, a

—1 2
I =5ml

Thin rod about centre, b:

-1 2
I =5ml

Rectangular plate through centre:
|, =&mla® +b?)

Rectangular plate about an edge:

Hollow cylinder about axis:
=3 m(rlz + rzz)

Solid cylinder about axis:

. =12
e I =3nmr,
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Appendix 4

Densities of materials

The densities of a number of common materials encountered in pipe organs is shown
in the table below.

Material Density
g/cm3
Aluminium 2.7
Brass 8.5
Steel 7.7
Phosphor bronze 9.0
Pine 04
Oak 0.8
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Appendix 5
Young’'s Modulus, Y

The Young’'s modulus of a number of common mategalsountered in organ
building is shown in the table below.

Material Y
GN/m?

Aluminium 70
Brass 102
Steel 207
Phosphor bronze 100
Pine 8
Oak 13
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Appendix 6

Data sheets

Data Pack F

Issued March 1997 232-2447

Data Sheet

Reflective and slotted
opto switches 2601

Callium Arsenide infra-red emitting diodes and
spectrally matched detectors housed In moulded
packages mechanically designed to enable sensing
in a variety of applications, l.e. limit switching,
papet/tape seusing and optical encoding.

Reflective opto switch

RS stock no. 307-913

Comprises a Ga As infrared emitting diode with a
silicon phototransistor in a moulded rugged package.
The sensor responds to the emitted radiation from the
infra-red source only when a reflective object is within
the field of view of the sensor. The device is ideal for
such applications as end of tape detection, mark
sensing, etc. An infra-red ransmitting filter eliminates
ambient dlwmination problems.

Absolute maximum ratings at 25°C (unless
stated)

Applications
® Limit switch

® Paper sensor
® Counter

@ Chopper

® Coin sensor
@ Optical sensor
® Position sensor
® Leveldicator.

Mechanical details

Operating temp range -40°Cto +80°C
Storage temp range -40°Cto +80°C
Lead soldering temmerature (5 sec) 260°C
White Dot indicates LED
anut ;ig)de A Electrical details
orward dc cinrent e
Reverse dc valtage 2y Reflectve Surface (See Notes | & 2)
Power dissipation S0mWwr —
d
N
Qutput sensor
Collector-emitter voltage 15V
Emitter-collector voltage BV
Power dissipation S0mwW**
*Derate linearly 0.73mASC above 25°C
*+ Derate linsarly 0.91mW/°C above 25°C
. o (+) (=) ® ©
Electrical characteristics LED  Photoransistor Sensor
at 25°C (unless stated)
Symbol Parameter Min. | Typ. | Max. | Units Conditions
Input
Diode
Ve Forward Voltage - - 1.8 v I = 40mA
g Reverse Current - - 100 A Vg=2V
Py Radiant Power 0.5 15 mw I = 20mA
Output
Sensor
BVepe Collector-Emitter Breakdown Voltage 18 - - v Iog = 100pA
BVeco Emitter-Collector Breakdown Voltage 5 - - v L = 100uA
Coupled
L Fhotocurrent (Note 1) 200 - - pA I =40mA, V=5V
Lex Photocurrent (Note 2) - - 20 HA d = 8mm (Fig.2)
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232-2447

Typical characteristics

Figure 1 Qutput current vs input Figure 2 Cutput current vs Figure 3 Nonsaturated switching
reflective object distance time vs load resistance
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Note 1: Fhotocurrent (L;) is measured uging 3M tape = 267 for a
reflecting surface. The reflective qualities of 3M tape = 257 are very
similar to an Eastman Kodak neutral white test card having 90%

diffuse reflectance.

Nole 2: Photocurrent (Ig) is measured using 3M tape = 476 for a
reflecting surface. 3M tape = 476 has a very black dul) surface with
optical reflectance qualities comparable to a surface coated with car-
ben black printers nk.
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Appendix 6

Photoelectric sensors

Data sheets

Baumer electric

Laser distance sensor

OADM 1216430/S35A

Art.-Code: 147121

« Compact housing

+ Short measuring range with high
resalution_ _

« Teachable measuring range *
@
&
« Short response time (< 900 ps) =
* emitter axis i Teach-in
technical data connection diagram
measuring range 16..26 mm
mir. teach-in range 1 mm
resolution {matt white ceramic} 2 .. bpm
linearity error {matt white cerarvic) +8pm.. 15 um BN (1) Vs
respaonse time < 900 ps ‘AnalaJ 1 WH () teach in
sensing lement photoelectric array 9| e 5 analog 4..20 mA
analog output 4-20 mA BU (3} 50V
povver indicator green LED
alarm indicator/soiled lens indicator red LED / flashing red LED
voltage supply range 12-28VDC
max. supply current <100 mA
light source pulsed red laser diode pin t
laser class s
wava length 875 nm
reverse pniaﬂf\} p}&t’écﬂéﬁi(vo\lage supply onlyl yes
- 2 4
short circuit protection yes ‘ analog 420 mA
hausing material die-cast zinc ]
protection class P &7 g\f
temperature range 0..450°*C
faser beam diamster 0,%..0,2 mm

Typicat linearity error

18 185 3 ek} 26
asntg Gaie |

0
15 4
10

5l 185 xn 25 %

ineanty rer (ur!

; %
5 b . -

msasuring azranes fnm)

LASER RADIATIGN
* DONGT STARE
WIOBEAM
LASERDIODE
iggatn Gl Hilgn
LR
Cives 2 LASER Produst

Baumsr Electtic AG  Hurmmelstrassa 17 Pestfach CH-8501 Frauenfeld Tel +4152728 1122 Fax +4152728 1144
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Appendix 7

Paper published in IBO Newsletter No 34 June 2004

Mechanical pipe organ actions, and
their interface with the player

Alan Woolley reports on his research

Introduction

There is currently much discussion about whether it is
possible for organists to influence the speech transients of
pipes in organs with mechanical action, by the way in
which they depress the key.

There has also been public criticism of & number of
recent large mechanical-action organs that has led to the
*Action Wars' discussion in these pages. Where subsidiary
electric consoles have been provided, these are reported 1o
be used almost to the exclusion of the mechanical consoles.
Some of these electric actions are themselves criticised on
the grounds that they ‘wouid be smiffed at by some organ
builders’ }.

The author became interested in this subject whilse
studying for an MA at Reading University. It soon became
apparent that many “mechanical-action’ otgans contained a
variety of devices to assist them. Some of these would affect
just the lowest notes (balanciers etc). Some might extend
throughout the compass (split pallets, electric sub-pallets
etc). All of these will in some way affect che touch of the
notes concerned and thus any control that the player may
have. Pethaps the ultimate form of assisted mechanical
action is that utilising Batker levers in the primary action —
chis is {essentially) an on/off pneumatic refay and is unlikely
to allow any concrof over the pallet. It may however give
the player the correct tactile feedback because it will feel’
like a small mechanical acrion.

Fully proportional devices (Willis floating lever, Fisk

ibly the various recent elec-

Servo-p ic lever, end p
tric devices) do not appear to have caught on despire
apparently allowing the player complete control. fan Bell?

suggests that this may simply be because of cost due o

their complexity — there may be othet reasons.

An abbreviated version of the author’s MA disserration
was published in Musical Instrument Technology (and he is
well aware of its many deficiencies).

It should also be noted that the author is aware of very
few historical references to the possibility of influencing the

nature of the pipes’ speech. Stainer said in 1909 ‘But rhe
sbfect of the player fis}) to throw open the pallets in irue vesponse fo
bis fingers as regards time, and also to throw them open so shor -
oxghly and rapidly that the wind shall #os, a5 it were, meak ints
the pives and spoil their some.’ * He goes on to say that in
general it is safest to adjust to the heaviest manual of any
organ because of the risk of missing notes if moving from a
Lighter one.

Dom Bédos told us in 1766 that too large a pallet
opening leads to a ‘hard” action, and that long rollers, par-
ticularly in the pedal organ, lead to too much flexibility *.

Equally, the eminent organists and organ builders who
insist that control of the pallet is fundamental to organ
playing cannot be ignored, and we need to seek to under-
stand whar is happeaing.

‘This project (the author is registered as a post graduate
student ar the University of Edinburgh) looks at some of
the charactetistics of mechanical pipe organ actions and
seeks to establish how they might affect the player's control
of the pallet, and thus the pipe speech, in all phases —
particularly in lacger organs. It is in its early stages, and
there is currently no more than an indication of the ditec-
tion to take.

The Bar and Slider Wind Chest

The bar and slider wind chest is used almost exclusively
in mechanical-action organs and will be intimately familiar
to all readers of this paper.

1z has been found empirically chat 4 comforrable action
requires & force equal to a weight of 60 to 80 grams to keep
the key depressed, with an additional initial pluck of 60 to
80 grams — ie. it requires 120 to 160 grams to start the
key moving. Although pluck and key force can be increased
in smaller organs by incressing the strength of the pallet
spring and by making the pallet opening larger than neces-
sary, they cannot be reduced in larger organs where the
inerria of the action and the required repetition rate deter-

1 Hale, Paul “Too Much of 2 Good Thing' 1BO Newsletrer No 27
September 2002.

2 Correspondence with author.

3 Woclley, Alan Actions and Reactions' Masical Instrument
‘Technology Seprember 2001,

4 Stainer, John Complerr Organ Method (New York 1309)

? Dom Bédos (Franceis Bédos de Celles) L'ast du faceeur 4°Orgue
{Paris 1766-78). American translation by Ferguson, Charles The
Organ-Builder (Releigh NC, The Sunbucy Press 1977)
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mine the strength of the pallet spring, and the maximum
air requirement and wind pressure determine the pallet
openitig and thus pluck. Any flexibility in the action due to
rollers ewisting, cloch bushes compressing etc. will result in
the key moving until sufficient energy is stored to over-
come the pluck. At this point the pallet will suddenly start
opening and will catch up with the key movement. In 2
large organ the key can approach the end of its travel
before the pallet opens.

Experimental Organ

In order to carry out this research, a small organ was
built which allows for & wide range of action characteristics
to be incorporated. The initial tests were cacried out with a
wind pressure of 75mm wg, a key force of 80g and a pluck
of 120g. Bwo action runs kave been buile — an unbushed
suspended action and a bushed balanced action with rollers
of aluminium tube one metre long, 8mm cutside diamerer
and émm inside di M s of the
of the key and pallet were made using an LED and photo-
diede.

How can the player influence the sound?

Control of the Initial Transient

The most obvipus way of actually changing the souad
of the pipe is by changing the initial transient. A number
of laboratory experiments have shown that it is possible to
influence it, but these were limited to individual keys
depressed in isolation and/for restricred o small organs.®™®
Indeed, it can also be demonstrated on the author’s experi-
mental organ beyond any audible doubt. However, this
may not relate to how real organists actually play real
pieces of music on real organs, and in particular may oot
take into account the characteristics of larger actions. It
canoot be assumed thar because mechanical actions are
good in smaller organs that this automarically applies to
organs of any size. In, say, a ten stop wind chest, a single
rank will be fully winded with the pallet only parcially
open — it is chis movement of the paller thae the player
must be able to control.

Control of the ending transient

Some organists believe that at least as important as the
inittal transieat is the ending one, and thar players can
more readily concrol the closing of the pallet because the

effects that may compromise control cccur principally
when the pallet is clesest to the pallet opening.

Rhythm

Robert Noehren said ‘Hotwever, if carefully observed, even in
laying of a slow movemerns, a reasomably fast action of the finger
is required to overcome the {pluck} or the key will not go dowm...
In order for the key io be depressed, buiously impossible to
control the jpeed of the descent when it is necessary fo play in
rhythm even in the slowese movemens. However, expression it
achieved rhythmically, and any subtlety of attack camonflaged by
slighe alserations of the rhythm, and it is this thas deceives the
Player imto believing that be is controlling the speech of the pipe’. ?

it is

Factors affecting control

Tactile feedback

It may simply be that, in an essentially non-expressive
instrument, the rouch of a mechanical action gives the
player the correct tactile feedback — it ‘feels right’, whar
my supervisor calls ‘engagement’ with the instrument. The
erganist needs to know where the keys are, and 1o be cer-
tain that he cannot press one inadvertently.

As stated above, it has been found empitically thar a
comfortable force to depress a key is equivalent to a weight
of 60 to B0 grams, This does rot allow the player to ‘rest’
his fingers on the keys. The initial resistance due ro pluck
allows this. As soon as it is overcome, the key will continue
to move under a comfortable force. The geometry, inertia
aad friction may add to the feeling that ‘something is hap-
pening’. If there is insufficient pluck the player may be
unable to control the keys properly, because he cannot
touch them without the pallee immediately starting to
open.

In electric actions, where there is no natural pluck,
feedback is introduced by atlowing rhe key to move a cet-
tain distance before electrical contact is made. If this theory
is correct, then when artificial pluck is introduced the con-
tact point should occur eatlier in the key’s travel so as to
appear to coincide with the pluck being overcome.

Pluck

In a rigid action (suspended, no rollers, no bushing)
pluck is overcome in a very short distance. The player musc
then immediately reduce the force on the key if the pallet
is to be controlled at least during its initial movement.

© Caddy, Roy 5; Pollard, Howard F. *An Objective Study of
Organ Actions’ Orgen Instiinte Quarserly (Yol 7, No 2,
Summer 1957) p 44.

7 Pollard, H F. “Time Delay Effects in the Operation of a Pipe
Organ’ Acustica (Vol 20, No 4, 1968) p189.

¥ Casrellengo, M. ‘Acoustical Analysis of Lnitial Transicats in
Flure-like Instruments.” Acwstice - Acta Acsatica (85 1999) p387-
400.

9 Noehren, Roberz. ‘Notes on the Design and Construction of 2
Modern Organ, The Digpasos May 1993
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Fig 3 Flexible action, “stow’ movement, 10ms divisions

Fig 2 Rigid action, ‘fast’ movement, 10ms divisions

Figures 1 and 2 show the movement of the key {top curve,
inveried due to the geometry of the sensor), the pallet {bot-
tom cutve) and the waveform of the pipe speech with the
key depressed subjectively very slowly: and quickly, respec-
tively. The vertical movement is 10mm and the horizontal
scale is 10ms per division. The mopvement of the key is
inverted because of the geometry of the sensor.

It can be scen that although the keys wete depressed
subjectively in a very different way, the actual movement
does not differ greatly. This may, of course, do no more
than emphasise the problem of depressing keys in isolation.

Flexible Action

“With the flexible action, the key moves about one third
of its travel before the pallet suddenly starts to open.
Figures 3 and 4 show this movement, with the
characteristic shape of the key movement due

Fig 4 Flexible action, “fast’ mavement, 10ms divisions

Real Music

Some key movements were then recorded with a con-
cert organist playing the Hauptwerk of the 1978 Ahrend
organ in the Reid Concert Hall in Edinburgh. This organ
has a repuration for being difficule to play because of its
very light action (100g on Hauprwerk, including pluck),
but which should allow for a significant variation in touch.
Figure 6 (opposite) shows the movement of the G above
middle C key during the performance of a ‘fast’ toccata and
a ‘slow’ chorale prelude. Again, the movement is inverted
because of the geometry of the sensor.

It can cleasly be seen that the key movement does not
vary greatly, but it must also be very clearly understood
that a grear deal more data collection and analysis must be
done before any conclusion can be drawn.

Key v pallet movement

to the key force increasing until the pallet starts

opening, again with a slow and fast movement
respectively.
These measuremencs were taken before fele

stops were placed underneath the pallets, and

the much greater overrun and the subsequent

oscillations of the flexibie acrion should be =

noted — this may well influence the airflow in

the groove.

That the pallet movement does not exactly 0
follow the key movement in a ‘flexible’ accion
under ‘normal’ playing is more clearly illustrac-

ed in Figure 5.

200 400 600 800 1000
110,000 sec

Fig 5 Pallet movement in flexible aciion

345



Appendix 7

Figure 7 shows key release of the same notes. Again
there is little apparent difference between the two.

The Way Forward
The work so far has been done using a modified com-
metcially available LED/phototransistor combination
{OPB704), Iotech Wavebook 512 data acquisition box
and Waveview version 7.14.16 software. This produces
accurate, repeatable and tapid results, but the output is
not guite linear and so needs very careful calibration in
order to make accurare caleulations of speed and accelera-
tion, which makes it difficult to use on site. It aiso
requises & small reflective strip attached to the moving
element. It is, however, cheap, and gives valid compara-
tive resules. The author is trying to obtain some laser
sensors which require no calibration and no reflective
strip, but which are expensive,
The nex stages of the project are:
= to obrain a better idea of how the pallet follows the
key in as many conditions as possible
* to identify what clements of actions contribute to
fexibility
* to identify how a variety of players actually play
real music en reéal organs.

IBO Newsletter paper

This requires access to organ actions and will at worst
require 2 low tack adhesive reflective strip being tem-
porarily attached. The laser device merely requires thin
wires to be led our through the windchest seals.

The aitflow through the pallet opening and in the
groove can also be studied using techniques developed 3t
Edinburgh.

Conclusion

In these preliminary resules, the speed of movement of
the key and pallec do not appear to reflect the player's
perception of speed or relate to the speed of the music.
Much further work needs to be done in order to establish
how a variety of organists play real music on real organs
with varying characteristics and whether this allows for
the control of any of the parameters that mighr affect the
sound. It should also be considered whether it is simply
the degree of ractile feedback that a mechanical acrion
gives to the player that is significant.

Organ building will always remain essentially an arc —
the more we understand che science, the more we can
concentrate on the imporcant aspects. ¥

Key depression
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