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Abstract

Many organists believe that one of the main adge#aof mechanical actions, i.e.
those in which there is a direct and uninterruptethanical link from the key which
the player moves to the pallet valve that admitsathe pipes, is that they allow the
player to control the pallet and thus influence itiigal sound of the pipe. The need
to repeat notes at the rate at which the fingenscoemfortably move whilst keeping
the required force within an acceptable limit defira maximum effective mass of the
action. The force to start the key moving is a coration of the force exerted by the
pallet return spring (approximately constant) amel tpluck” which is the net force
due to the pressure difference across the palttndiich has to be overcome before
the pallet starts moving but which then reducethagressures equalise. Any lack of
rigidity in the action will result in the actionetking before the pallet starts opening.
When the pluck has been overcome, the pallet wiihg partially open. As actions
become longer in larger organs, the need to restree effective mass means that
components have to be made with less material eedhais more flexible. Larger
organs also imply more and louder pipes and thgieater wind requirement, which

in turn means more pluck.

This project looks at how the key and pallet adyualove compared with what the
player believes is happening. Measurements of thement of the keys and, where
possible, the pallets were made using LED and ldsstance sensors, with the
organists being asked to play in a variety of styteat they believed resulted in the
keys moving at significantly different speeds. Sbuacordings were made in order

to compare the transients.

The results showed that the key movement couldrbken down into two distinct
parts. The first part is the movement before plackl thus before the pallet starts
opening in which the flexibility of the action weaken up. The relative length of this
movement varied very considerably even on short agdl actions showing
elongations when players believed that they werevimgothe key slowly. The

movement after pluck, and thus during which théepavas opening and admitting air



to the pipes, did not vary greatly and in some saskespite the player very
deliberately trying to vary the speed, remainedrigeeonstant. It could be clearly
shown that attempts to vary the speed of key mowemere, in fact, resulting in
distinct rhythmic changes.

The conclusion is that although players vary theetof the complete key movement,
any difference occurs mostly in the part of the keyvement before the pallet starts

opening and thus cannot have any influence omikialitransient.
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Chapter 1 Introduction

Chapter 1

Introduction

IVP76.

The pipe organ has existed in a recognisable form for several thousand years and its
history has been researched and documented, [Williams 1980] [Perrot 1971] and
others. Of necessity, the early instruments were entirely mechanical. The large

organs of the High Baroque were hand (or foot) blown and al linkages from keys to
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pallets and from stop knobs to sliders were a so entirely mechanical. As the industrial
revolution dawned and mechanical means of supplying larger quantities of air
became available and the manufacture of more complex machinery was practical,
pneumatic power was applied to the organ in order to reduce the force required to
move the keys and also to allow larger and less rigidly laid out organs to be built. In
turn, with the advent of electricity, electric power took this change a stage further.

Organs became larger, more diverse and, in the opinion of some, less musical.

During the 1920s the Organ Reform Movement (Orgelbewegung) started in North
Europe, although its history does not appear to have been well documented, and a
return to some of the values of the earlier organs was advocated. Crucia to this
became a belief that key action should be mechanica so that the player had a direct
link with the pallet. Fig 1 shows a typical recent concert hall organ in the
Bridgewater Hall in Manchester built by Marcussen and Son of Denmark in 1996.
This organ has four manuals and pedals with 76 speaking stops (IVP76). The key
action is mechanica but with a subsidiary electric console which is amost

exclusively used™.

Reference to the list of published works in Chapter 3 indicates that opinions and
beliefs vary greatly about the value of mechanica action, particularly in larger
organs and this project seeks to shed some light on the question of how much control
the organist actually has over the pallet and thus potentially the initial transient of the
pipe speech.

Chapter 4 explains some of the physical issues that might affect how much control

the player has. It is not exhaustive, but it covers the most important factors.

Chapter 5 describes the development of the equipment used to measure the

movements of keys, and where possible, pallets of actual organs whilst they are

! Private conversation with curator
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being played. It is important not to assume that the movement of the key is
accurately reflected in the movement of the pallet, but this had to be verified.

Chapter 6 describes a model organ built in the laboratory to develop the equipment
described in Chapter 5 and aso to help clarify some of the results found whilst taking

measurements on site.

The results of the work on site are set out in Chapter 7 with a separate section for

each organ visited because the characteristics of each instrument are so different.

The conclusions and suggestions for further work that could be done are presented in
Chapter 8.
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Chapter 2

Glossary, and workings of the pipe

organ

The following table explains the main terms usethis thesis that are specific to the
pipe organ. This has been integrated with a dasmif how the various elements
fit together. An adequate history of the organ wlootcupy too much space and is
covered in a number of readily available books [Mfihs 1980] [Perrot 1971] etc.

Backfall A lever, pivoted around its middle whicverses the direction
of movement of an action (see Fig 2.6)

Balancier A pneumatic means of assisting trackeomas by opposing
pluck by means of a bellows vented to the groow. (bhe area
of the top of the bellows is made smaller thanaiea of the
pallet so that there is a residual net pressurmstghe pallet in
order to provide some pluck As soon as the pressarthe
groove and windchest start to equalise the effettieo
balancier also reduces. The vent from the bellawké groove
is highlighted in red (Fig 2.1).
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Barker lever

Building frame

Bushing

Glossary

T T

1 I

il

groove

% 1 %
allet PO \
" I

wind chest
bellows s I ‘

\ tracker from key
Fig 2.1 Balancier

Also Hamilton lever — Charles Spackmarker and David
Hamilton developed similar devices at about theestime. It
was the first form of pneumatic action and introgldi@a
pneumatic motor into the action whilst removing thect
mechanical link.

Fie. CLXXXI.

Fig 2.2 Barker lever

The Barker lever is discussed in Chapter 7.9 bm7F.17 is
repeated here as Fig 2.2 to show the principlgefation
(JAudsley 1905] Fig CLXXXI). The tracker from theek is
attached at | at the right of Fig 2.2 and openkepé, which
admits air from the pallet box A to the bellows hiah rise and
move tracker W which is connected to the pallgéhan
windchest. Valves Q and R release the pressure thieckey is
released.

The basic framework on which the poments of the organ are
mounted.

Material, usually plastic or cloth to redube friction between
moving surfaces. See for example Fig 4.22.
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Choir organ

Chorus

Cipher

Compass

Coupler

Division

Enclosed

Equivalent
Dynamic Mass
(EDM)

Full organ

Gearing

Great organ

Glossary

Generally the third division of a threanual organ in which
quiet stops are grouped together. The bottom maofuhlee
and often enclosed.

A number of ranks, usually with similar sdwharacteristics,
tuned to the harmonics of the fundamental.

The constant sounding of a note due to laifathe action.

The musical range covered by a keyboaréssqd either as
the number of keys or by the pitches of the lovaest highest
notes.

A means, mechanical or electrical, to altmwe division to be
played from the keyboard of another.

A part of the organ with distinct charaiséics played by a
separate keyboard, manual or pedal. The distincdgonbe
tonal or the divisions can be physically separated.

A division in a swell box.

The Equivalent dynamic mass (EDM) of an objechesihass
of a point that would accelerate at the same ratnvsubjected
to the same force. For example, when a force ifexpfo a key
with the finger, the point of contact will accelerat a rate
depending on the inertias of the various componeftise
action. EDM replaces all these individual comporemith a
single point mass that accelerates at the same rate

A full chorus of stops. It will excludertain stops that are
designed for solo use.

A difference in the amount by which differparts of an action
move. If the key moves 10 mm and the pallet moves the
action is geared down 2:1. Gearing can be donedierdo
match the required movements of individual compésenin
order to reduce inertia by reducing the distanceeddy parts
of the action.

The main manual division of an orgaregaly containing a
chorus of principal ranks. It is usually unenclasBde bottom
manual of a two manual organ and the middle maoiuthree.



Chapter 2

Groove

Hauptwerk

Key

Key dip

Key head

Key lever

Manual

Mixture

Murmur

Open Diapason

Organ
specification,
abbreviated

Pallet

Pallet box

Glossary

The part of a windchest to which the opdlepadmits wind.
All the pipes for any note are planted on top a¢ gnoove.
Individual pipes speak if their slider is open (gtep is “on”).
See Fig 4.1.

The German equivalent of the English Goegan. The main
division.

Can either mean just the part of the key (kegd) that is
visible to the player at the console or the congpkety lever.

The amount by which the finger moves vaiticdownwards
when it moves the key. Fig 2.6

The part of the key visible at the conanlé thus contacted by
the player. Fig 2.6

The complete key assembly. Fig 2.6

A keyboard played by the hands and whichrotma specific
division of the organ.

A stop comprising several ranks of pipego(to five or more)
sounding the upper harmonics of a note. There [grecise
definition of the various names given to mixtures €&urniture,
but some give some indication of its nature e.gnogl implies
a high-pitched mixture. Because of the high pitchastures
“break back” to lower pitches through the compass.

Individual pipes that give a faint sound daeir leaking into
the groove.

See Principal. The name of the stdgnglish organs giving
the characteristic sound of the organ.

Organ specifications are sometimes abbreviateddicate the
number of manuals (Roman numeral) whether theaeisdal
organ and the number of stops. Thus IlIP32 indg#iece
manuals and pedals and thirty-two speaking stops.

The valve opened by the key that admits wanithe pipes.
The part of the windchest containingspueised air, and from

which the pallets control the flow of air to theogwe and thus
to the pipes. Fig 4.1
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Pedal organ

Pipe length

Pitch notation

Pluck

Pressure

Principal

Glossary

A division of the organ played with fiaset. Usually pitched an
octave lower than the manuals in English orgaas16’.

The pitch of an organ pipe is defingdhe speaking length
(mouth to top) of an open flue pipe two octave®weMiddle
C (cY, the normal extent of a manual keyboard in thesbH is
invariably stated in feet. The foundation pitch feanual
divisions is 8’, making an open pipe actually spegkviddle
c* approximately 2’ long. Pipes speaking an octa@velthe
foundation pitch are designated 4’ etc. Stoppedsipvhich are
approximately half the length of open pipes ofgshee pitch,
are described as if they were open pipes althquegtiicularly
in older organs, they may be described as “8’ taresimilar.
Mutations are ranks speaking harmonics other tietaves and
are usually limited to fifths (2 2/3’ etc) and fthér (1 3/5’ etc).
The dash is frequently omitted.

There are various notations for walgpitch in common use.
That adopted here is that Middle C fsand thus the sequence
starting two octaves below Middle C is C'oct c® etc. The
corresponding lengths of open flue pipes are &' 4" %2’ etc.

A manual keyboard of 56 notes starting two octdetew
Middle C would have the range C t& @ pedal board of 32
notes starting three octaves below Middle C woadehthe
range CC to g.

The initial resistance felt at the key dué¢h® pressure
difference across the pallet. As soon as the pstifets opening,
the pressures start equalising and the resistadcees. It is
called pluck because it feels similar to a harpmidiouch as
the quill plucks the string.

Air pressure is measured in inches or mtarvgauge (wg) as
measured by a simple manometer. 10 mm wg is appaigly
equal to 1mb. Pressures in mechanical action oryginsally
range from 45 mm wg to 100 mm wg. Significantlyleg
pressures are used with electric actions. The uppgrof
pressure is due to excessive pluck.

A group of organ stops, usually open iiétia pipes of
medium diameter (2” at c’), giving the characteécisbund of
the organ. They appear at different pitches to gipeincipal
chorus. 8’ principals are usually called Open Dggmain
English organs (Prestant in Germany, Montre in €gan
(particularly if the pipes are in the fagade). dhpipals are
called Principal or Octave, 2’ principals are cdlRrincipal or
Fifteenth. North European organs often have thisidins based
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Rank

Roller

Glossary

on principals an octave apart — pedal 16’, Haugtwéreat) 8’,
Ruckpositiv 4’, Brustwerk (loosely Choir) 2'. Theneuld be
other stops at 8’ on these divisions.

A set of pipes, one for each key, of simitanf and sounding
the same. In Fig 2.3, Radley College, (see Appehdot stop
list) the ranks of pipes go from left to right. Teoves
corresponding to a particular note go from fronbaak.

8 (just visible bottom right), Wald Flute 4, Principal 4, Stopped
Diapason 8, Sesquialtera Ill, Bourdon 16 and Open Diapason 8.
Three of the en chamade trumpet pipes can be seen top left between
the facade Open Diapason pipes. The Fifteenth 2 and Furniture Il are
not visible.

A device for transmitting movement sidewal/se trackers are
attached to tracker arms attached to each enctabtler. The
tracker at the right of the roller in Fig 2.4 pullswn the arm,
which rotates the roller. The arm at the left & gfihotograph
pulls down the tracker at its end.

Fig 2.4 A tubular aluminium roller with wooden arms as available from
Laukhuff

10
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Roller board

Ruckpositiv

Sesquialtera

Sticker

Slider

Sponginess

Square

Glossary

A board on which a number of rollers @mounted. See
Fig 4.19.

A division on North European organd ilsaébehind the player’'s
back usually on the front of the organ galleryMairy’s
Haddington (Fig 7.6.1) and the Reid Concert Haily (F.7.2)
have Ruckpositivs.

A Mixture stop containing both fiftidathird sounding ranks.

A rod that transmits movement in a stralgig by pushing. Fig
2.6.

A strip of usually wood drilled with holelsat correspond with
holes in the top of the groove. Stops are placeblyaaligning
the holes so that air can flow freely from the g®to the pipe
and off by moving the slider so that the passageraé
blocked. Fig 4.1

A movement of the key before reachiagphlirck point in
which the action acts as a spring due to rollerstimg, levers
bending and bushes compressing etc.

Squares change the direction of movemeart attion usually
through a right angle. In Fig 2.5 the tracker atlottom left
pulls the square arm backwards. The square raiamg its
pivot and pulls down on the tracker at top left.

Fig 2.5 A wooden square as supplied by A J & L Taylor

11
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Stop

Glossary

Alternative name for a rank of pipes or a ipldtrank of pipes
if they are controlled by the same slider (e.g.tom). Also
used to mean the stop knob used to control a Begved from
“stopping” the airflow to the pipes.

Stopped Diapason A flute pipe formed of stopped wooden or metal pipe

Swell organ

Toe

Touch

Tracker

Ventil

Windchest

Generally the second manual divisioaroEnglish organ. The
pipes are enclosed in a soundproof box with moesilitters
controlled by a swell pedal in order to control odume. The
top manual of a two or three manual organ.

The bottom of the pipe that rests on (is pldote) the
windchest.

In this paper the term touch is used as argéterm to describe
how the movement of the key feels to the playe¢eims of
inertia, pluck, sponginess, friction etc. It is ssimes used to
describe the timing of key movements.

A strip of wood or metal that transmits mment in a straight
line by pulling. See Fig 2.7

A valve, usually in French organs, inside thindchest, that
cuts off wind to part of the windchest when mowgpstare on.
There is a separate pallet in both parts of thal@hest and thus
pluck is reduced when only certain of the stopsoare

Overall term for the part of the orgamvitich wind is
distributed to the pipes depending on which stopsdleawn and
which key is depressed. The main parts are thetgdadix,
which contains compressed air and the groove onhnthie
pipes are planted. See Fig 4.1.

12
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Suspended action

Pallet box Compassspring.

Backfall _

Fig 2.6 Model made by N P Mander Ltd for the University of Reading to illustrate the
difference between a suspended (top) and backfall (bottom) action.

13
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Fig 2.7 Model made by A J & L Taylor Ltd to illustrate their range of mechanical organ action
components. The top picture shows the action at rest and the bottom picture shows the key
fully depressed.

14
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Chapter 3

Review of published works with
critical comments

3.1 Introduction

There are very few objective scientific studiesneéchanical actions and most of

these are laboratory based rather than involviegl*rorgans.

Much of the writing is subjective to a greater esder extent, which makes it
difficult to summarise without introducing furtheubjective interpretations. Lengthy
guotes are printed below in order to give an adeusad unbiased indication of what

the authors are saying.

It is sometimes difficult to draw a line at wherdiacussion about mechanical action
should end. Where comments on the use of such ekas Barker levers and
balanciers in otherwise mechanical actions addh¢oolverall debate, or indicate the

level of understanding of the subject, they havenlacluded.

15
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Terms, such as “touch” are sometimes used withefihition, and it is clear that
they can mean different things to different peoplee glossary in Chapter 2 defines
terms in common use in organ building and if therany ambiguity, how they are

used in this paper. It also defines some engingéeirms in the context of this paper.

3.2 Critical discussion of published work in

chronological order

Dom Bedos (Frangois Bédos de Cellek)art du Facteur d’Orgue (Paris 1766-78)
American translation by Ferguson, CharlesThe Organ-Builder (Raleigh NC,
The Sunbury Press 1977)

L'art du Facteur d’Orguewas written between 1766 and 1778. It remaind)ayes,
the most comprehensive work on practical organdingl in the history of the art.
lllustrations from this work have been used in anbar of books published right up
the current time, as techniques have changed dittée the years (for example “The
Art of Organ Voicing” by Monette, and “Organ Buiidj and Design” by Anderson).
Other commentators have commented on the wisdomweafring a sword whilst
playing (Fig 3.1); this illustration does, howevehow the general layout of a large

four-manual organ of Dom Bedos's era.

There have been a number of reprints and a nuniliearslations of this book. The

American one cited is still available, as is afidtaone.
Dom Bedos describes in great detail the practioastruction of a large four-manual

organ and calculates the size of pallets and gmoawe the basis of the wind

requirement of the pipes by totalling the areatheftoe holes.

16
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1. A four-manual organ of the eighteenth century.

Fig 3.1 lllustration of a large four manual organ from L’art du Facteur d’Orgueby dom
Bedos 1766/78

Although he states a maximum pallet size, he do¢satate this to pressure. Dom
Bedos simply states that if everything gets tooth&action will become “hard”. He
does not explicitly describe pluck, although tlsisgresumably, what he means by an
action being “hard”. He cautions against using laofers in the pedal organ

because they twist.

Hopkins, Edward J and Rimbault, Edward F. The Organ, Its History and
Construction(London 1877, & Ed. Republished, Bardon Enterprises 2000)

Between Dom Bedos and Audsley, this was the stdndark on organ history and
construction. Much like the other two, it givesaetails of how dimensions, airflows
etc were calculated. It states that the best wsdduron rollers but does not state
why. It mentions pluck only in terms of the variadesvices designed to reduce it and
gives no indication as to what subjective effeesth may have had. It illustrates a

form of balancier that has not been identified angwe else but which would work

17
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perfectly well and has similarities to those used dome current Continental
builders).

Audsley, George AshdowrThe Art of Organ Building(Dodd, Mead & Co 1905
republished by Dover 1965)

Audsley was an ecclesiastical architect who hadngarest in organ building and

who formed The Art Organ Company with limited swece

Volume two contains a wealth of carefully drawngitems of all aspects of organ
design up to the time of writing (1905). Despitaning to a total of just under 1,400
pages, there is no discussion about calculatinggmns, wind flow etc. Very few
of the 400 illustrations are adequately dimensiotiteid nevertheless present in most
organ builders’ workshops as a record of the ppiecof operation of some quite

obscure actions.

Fig. CLXXVI on page 239 of Volume two illustrates balancier (again without
discussion of its dimensions). This illustratiors ieeen repeated in various forms by
a number of commentators (as noted throughoutphper), although it cannot be
assumed that they all derive from this one. lhisven in Fig 3.2.

<

Od

P
=g

Fic. CLXXVI.

Fig 3.2 lllustration of a balancier by Audsley. The bellows is shown vented to the
atmosphere. It should be vented to the groove. It is not clear how this inaccuracy came

about.

18
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It has achieved a degree of notoriety in the otgaitding world because, as drawn,
it will not achieve its purpose of relieving theupk. It will simply apply a constant
opposing force to the pallet spring (rather thagupoing the force as soon as the
pluck is overcome, which is achieved by ventindoitthe groove and not to the
atmosphere). What has apparently never been estatllis whether this device was
ever installed as illustrated, and if it was, whvate the thought processes behind it.
Audsley’s description is peculiarly verbose andanine even by his standard - he
appears to be stating that it will neutralise theslp and then assist the action against

the pallet spring

Very little beyond the strength of the spring has to be overcome in first drawing the
pallet from its seat; and immediately it is open all local pressures cease, so far as it is
concerned, while the bellows at that instant comes into active operation, substantially

aiding the key action against the increasing strain of the closing spring.

Without dimensions it is difficult to say how it wigl have operated in practice. Most
critics state that once open the pallet will nattsiThis is only true if the balancier is

of such size that its force is greater than thahefpallet spring.

By venting the motor to the groove and not the ahere as illustrated in Fig 2.1,
the force applied by the balancier reduces onceptiket starts to open, as the
pressure inside the bellows equalises with thatdénshe chest, and thus it simply

reduces pluck

Stainer, JohnComplete Organ MethodNew York, Schirmer 1909) p43

But the object of the player [iS] to throw open the pallets in true response to his fingers

as regards time, and also to throw them open so thoroughly and rapidly that the wind

shall not, as it were, sneak into the pipes and spoil their tone.

He appears to agree with Bethards and Noehren vaue reimilar comments about

the tone of pipes when not fully winded. Staineegon to say that, in general, it is
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safest to adjust the force applied by the fingerthe heaviest manual of any organ

because of the risk of missing notes if moving frafighter one.

Hull, A Eaglefield Organ Playing: its Technique and ExpressiofLondon,
Augener 1911)

Hull discusses the variety of attack and releasssipte with tracker action but

implies that the attack means the length of the aod says in a footnote

Of course, the release itself must be absolutely prompt, but release here refers to the
relative length of the sound and the varying amount of separation in the flow of

sounds.

Jude, Alexander A “The Barred and Barless Soundboats 1I” The OrganVol. 1
No. 4 April 1922 p207

This is a study of the pressure build up in theepipot and thus its effect of the
speech of the pipe.

p207 ...except for pure tracker action, where the time of opening is a function of the

player’'s muscular activity.

p209 Case 2. Barred slider chest..but with the old all-tracker action. The only datum
difference here is the motion of the pallet. Now, the time generally taken to depress a
key is about 1/20 second. This time is largely a function of spring and inertia forces
and is almost independent of the tempo of the music, legato and staccato. Further, the
nature of the “touch” is such that immediately the initial resistance is overcome, the
key, as it were, goes down flop, the motion proceeding much more nearly in
arithmetical than in the geometric progression of the proceeding case [pneumatig
We may therefore consider the motion to be..uniform. If the player bangs down the
note more quickly he starts the thing going more promptly and the curve begins to rise
sooner; conversely, he cannot depress a key and have control of his playing at less

than a certain rate a long way remote from that necessary to change the
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characteristic. The 1/20 second mentioned above is, therefore, not a salient point of

criticism [sic, it is unclear what this means

Lewis, Walter and Thomas Modern Organ Building (London, Reeves 1934
reprinted 1956)

Lewis dismisses mechanical action in a few pardggas having no current value.

Bonavia-Hunt, Noel The Modern British Organ (London, Weekes, new and
revised edition, undated but apparently about 1939p163

Bonavia-Hunt was a Church of England minister whdertook extensive scientific

research predominantly on matters related to pipech and voicing.

Organists regret the loss of intimacy which has never been replaced since the
introduction of pneumatic and electric action. The tracker touch can be reproduced in

the modern organ but not the “touch on the pallet”.

...the pallet is opened directly by the player’s finger..... Whether any advantage is
derived ..... is a question that has never been decided. .... | am inclined to believe that
there is a modicum of truth in this contention, though it can be pressed too far.
Individuality of touch is still possible with electro-pneumatic action, though it seems to
be of a different sort.

For the organ of to-day tracker action is hopelessly inadequate.

There is no discussion of touch characteristidsoov to achieve them.
Fig. 14 in Bonavia-Hunt's book is a carefully redra version of Audsley’s

“incorrect” balancier still containing the apparamtor. This is surprising given his
background.
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Challis, John, “The Slider and Pallet Wind Chest” Organ Institute Quarterly
Vol. 3 No. 3 Summer 1953 p5

If one raises the pressure to 3", the hole at the toe of the pipe will have to be still

smaller and there can be no possible communication between pipes.

By that time, the wind resistance against the pallet is so great that the touch of the
organ is heavy and impossible to control. The muscular strength necessary to
overcome the wind resistance is so great that when one has done it the pallet opens

with a jerk.

If the pressure in the chest is increased anddeehble made smaller, the steady
state pressure in the pipe foot will not increas¢he same extent and the pressure
build up will be slower since it is probable thaettoe hole will be the smallest

aperture in the system.

Harrison, G Donald. “Slider Chests?” Organ Institute QuarterlyVol. 3 No. 3,
Summer 1953 p9

To begin with, | have no hesitation whatever in saying that tracker action and slider

chests can be excellent in small organs.

It is asserted that direct mechanical action gives the player more intimate personal
control of the instrument. This is at least in part psychological and is due to the
player’s close proximity to the pipes. It is said that the player can influence the attack,
i.e., the rapidity with which the tone develops in the pipe, by controlling the velocity of
key descent. This is pure illusion. The essence of “tracker touch” is its top resistance,
created by wind pressure in the chest. When the finger pressure on the key finally
overcomes this resistance and the pallet moves, the key must fall suddenly beyond its
breaking point. The only way in which a key could be made to descend more slowly

would be to grasp it between the thumb and finger.
A sense of intimate contact and almost unbelievably fine control over the duration of

the notes can be effected with a first-class, rapid, electro-pneumatic action when the

console is located at an appropriate limited distance from the pipes.
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Harrison is stating that the important factorsfaegiback, both tactile and audible.

Andersen, Poul-Gerhard Organ Building and Design(London, George Allen
and Unwin 1969) translation by Joanne Curnutt fromOrgelbogen(Copenhagen
1956)

This book was written by a Danish organ buildet, despite its title says little about
organ building, concentrating largely on North Epgan stop lists, and does not

enter into any discussion about characteristidgswth and how to achieve them.

This contact, unconscious though it may be, is present when the organist, through the

direct connection, “feels” the pallets [and is lost with Barker levdrs

This appears to suggest that it is just the tatgdelback that Andersen is referring to

but this is not clear.

Caddy, Roy S, Pollard, Howard F. “An Objective Stug of Organ Actions”
Organ Institute QuarterlyVol. 7 No. 2, Summer 1957 p44

This article shows oscillograms of starting trantseof a mechanical action in a
model with the key depressed “slowly” and the kepréssed “rapidly”, and a direct
electric action. The speeds of the mechanical metiovements are not defined and
there is no recording of the key movement. The llogtam for the “rapid”

depression shows a very distinct distortion to ithigal transient that was never
apparent during the current project. Without knayilne actual conditions of the test

it is not possible to form an opinion as to theilidity.

He states that Barker levers remove control.
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Barnes, William H. The Contemporary American OrgaMiami, Warner 1964)
8" ed

Barnes was an American organ builder who considdéradmechanical action had
no relevance to modern building because of its liadoiéty, the heaviness of touch

and its susceptibility to climatic changes. On ph82 he states:

Today we find a few builders, who are to my mind mentally unbalanced, who urge a
return to the tracker action

This represents the dismissive attitude of somearoruilders at that time to

mechanical action and he appears to be unawareraf¢ in contemporary European
organ building. Ochse (The History of the Organhie United States) states that the
first large new mechanical action organ was immbnte¢o the United States in 1957

— in time for the seventh edition of Barnes'’s book.

Blanton, Joseph E.The Revival of the Organ Cagé\lbany Texas, Venture Press
1965) p13

The organ with an excellent tonal structure but which has one of the available forms of
electric key action cannot sound as good as it would if it had a well-regulated
mechanical key action. With an electrically controlled key action, the organ virtuoso
can produce an attack no different from that produced by a child totally ignorant of
music. With mechanical key action, he has control over the attack which
immeasurably increases the possibilities of phrasing. This is demonstrable.

Blanton emphasises this in a footnote:

With these differences of attack so easily perceptible, it is surprising that some

individuals deny their existence merely because they are insensible to them.
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Ellerhorst, Winfred Handbuch der Orgelkunde(Buren, Knuf 1965, reprinted

1975 with corrections) in German

This book goes into considerable theoretical detdlout basic mechanics,
magnetism, acoustics, pipe speech, etc. There n sdiscussion of inertia but,
despite many formulae, there does not appear enpeanalysis of a representative
action, calculation of sample wind flows or key @weristics. The discussion on
keys simply appears to state that the touch weghuld be 125 g. This is high for a
touch without pluck but low for the initial weigbt one with pluck. Ellerhorst may
be referring only to electric actions because lygssts an initial 2-3 mm movement
of the key before anything happens. Despite the dathe book, Ellerhorst is more
interested in technical theory of electric actitws there is significant discussion of

the mechanical properties of mechanical actions.

On page 419 he attempts to calculate the net agspre against a closed pallet.
Rather than just using the size of the pallet amgnine appears to be trying to add
half the overlap of the pallet over the pallet dpgras well. His formula is clearly
dimensionally incorrect and the stated result apptsmbe numerically incorrect. He

does nothing with the result anyway.

Ellerhorst has an illustration of a chest contagnwmhat appears to be a balancier
vented to the atmosphere (Fig 221 p392). The perpbshe illustration is to show a
means of attaching the front board of the cheststdees that the bellows serve the
same purpose as a “Pulpeten” i.e. a leather seahdrthe pull-down wire. It would
indeed seal the opening, but it is a complex waglafg it and, whilst he does not
give any dimensions, the size implied by the diagnadicates that it is far too large
for that purpose alone, and assuming that it iside as the pallet opening, too large
simply to relieve pluck which it would not do anyyvas it would have to be vented

to the groove (see the discussion relating to Aaydeh page 18). It may however be
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worth noting that most, if not all, current forms lmalancier of this general type
provide no seal whatever, as the pallet pull-dovassps outside the bellows,

presumably for ease of construction.

Klotz, Hans. The Organ HandbookSt Louis, Concordia Publishing House 1969)
Translated by Krapf, Gerhard from Das Buch von der Orgel(Kassel,
Barenreiter) 7" ed 1965 p40

The primary advantage of tracker action is its absolute precision. The speech of the
pipe responds instantly and sensitively to the player’'s attack. The advantage will be
gratefully acknowledged by the organist who knows from experience with electro-
pneumatic or direct electric consoles, how the rhythmic movement of polyphonic
textures becomes paralysed by the imprecision of electric action. How different with

tracker action organs!

But tracker action is vastly superior to electric action not only with regard to articulation
but also with regard to touch. In this respect, electric action effects absolutely nothing;
the initial excitation of the speech is totally unaffected by the touch. Yet, it is precisely
this inception of the tone which is essential for the character of the speech. The
tracker action — and even the Barker lever — by contrast faithfully transmit the touch to
the speech of the pipe. Oscillograms of relevant tests furnish indubitable proof. The
possibility of influencing initial excitation is essential, if music rather than impersonal
sound is to be produced. Naturally, no player can consciously cultivate every single
tone by his touch, but he does convey, both consciously and subconsciously, a
detailed personal expression to the structural elements of the total sound spectrum,

which — by contrast to the tracker action — is obscured by electric action.

In depressing a key of a tracker-action keyboard, a definite point of resistance must be
overcome. The organist can feel the sudden overcoming of resistance at the instant
the pallet is engaged. Through his finger his mind perceives exactly the disposition of
the initial excitation, thereby gaining a felicitous sense of security in the playing of
complex polyphonic textures. A further convenience is the circumstance that far less
effort is required to hold down the key than to depress it; that also contributes to clean

rhythmic playing.
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There is no discussion of playing weights or howathieve them and there is no

reference to the source of the oscillograms.

The illustration of a balancier in the German edit{not present in the American
one) is unclear. The illustration of the open gatleows the motor inflated to the
same extent as that for the closed pallet. Thisrass that the motor would return to
its open state once the pressure was equalissdnitre likely that it would collapse
at least partially under its own weight and, in aage, illustrating it this way fails to

convey the means of operation clearly.

This and other discussions of the imprecision ettic actions may have been (but
there is no evidence that they were) clouded byf#ut that early multiplexed
keyboards allegedly had a sampling rate too lovkéep up with fast music and

introduced significant and variable delays.

Norman, John and Herbert The Organ Today(London, Barrie and Rockliff
1966) p28

John Norman is an electronic engineer by trainimd\@ho worked for Hill, Norman
and Beard for many years before leaving to join IB#& continued to work as an

organ consultant.

It need not be matter for surprise, that in the last fifteen years, the wheel of fashion, or
appreciation, has turned full cycle, and many sensitive players are re-discovering
artistic values and interpretive aids, in a well-designed and perfectly made tracker
action. The sense of a crisp direct finger control over the precise moment of speech of
the pipe is enjoyed, together with actual control of the intonation or speech attack,

although this is a subject of much controversy.

[All the commas are in the original tgXthis sense of direct control, leads to

claims by sensitive players, that they can control, not only the timing, but also the rate
of opening of the pipe-valve, and hence the degree of ‘attack’ in the pipe speech.
Those who reject this claim, contend that the effect is solely subjective, sensed only
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by the player, and is inaudible to the listeners. They support this view with data from
highly organized experiments with seemingly convincing conclusions. Nevertheless,
sensitive musicians with wide experience of antique or modern tracker-actioned

instruments, are equally convinced that there is this inherent musical advantage.

Probably the explanation lies in one aspect, neglected or overlooked in the opposing
arguments and experiments, and that is, the style and voicing technique applied to the
pipes used in the tests. Pipes voiced in the best manner, on medium wind-pressures,
in the style common in the last hundred years, have firm and relatively ‘slow’ speech,
which is comparatively insensitive to small wind-pressure differences and attack
qualities, and thus are irresponsive to variation by slow or rapid opening of the key

valve.

On the other hand, those experienced in voicing pipes on classical low wind-pressures
in the range of 1% in. wg. to 2% in. wg. using the antique lip-regulation and open-tip
method, know how sensitive such pipework is to quite small pressure variations
arising from the qualities of the windchests used. Considerable power and quality
change is possible with +% in. wg. pressure. With that type of pipe speech, there is no

doubt that some control of intonation is possible by sensitive keyboard touch.

During a private discussion John Norman stateddkpériments at IBM had shown
that “key click” on computer keyboards increased #ccuracy of typing even
though they had no relation to what was actuallypleaing. The new computer on
which this thesis is being typed has a less prooedin‘key click” than its

predecessor and the rate of keying errors is radtigehigher.

Pollard, H F “Time Delay Effects in the Operation d a Pipe Organ” Acustica
Vol. 20 No. 4 1968 p189

This paper is intended to show how various formsaafon affect the time taken

from touching the key to sound being produced.
Two of the categories of action are “old mechanieadd “new mechanical”. No

further information, such as size in terms of numiestops or length of action, is

given. If all tests were carried out in Australtzen “old” may have a different
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meaning from that which is generally understoodardipg European organs i.e. late
nineteenth century rather than seventeenth century.

Old mechanical organs were subjected to “slow’stfand “mean” touches. These
are not defined. It is not clear whether these esgmted normal playing or
“laboratory” tests.

New organs were only subjected to “slow” and “fagitiches. One outlying high
initial delay (time from first key movement to saut dB above background) was
excluded because it “very high” and comparativeugg from the two types of

organs were rounded in such a way as reduce tfeeatite them.

He assumes that the motion through a mechanicanact determined by the
velocity of a mechanical impulse through wood. TaAgsumes complete rigidity,

which this thesis shows is never achieved.
He quotes Lindhardt [Lindhart 196R}ter alia
The key starts moving down, in the case of mechanical action the pallet starts to open

It is shown in Chapter 6.2 of this current stuldgttthis is not the case.

Sumner, William Leslie. The Organ(London. Macdonald 4" ed 1973) p332

Towards the end of the eighteenth century and in the first half of the nineteenth,
organs grew out of all proportions to the necessities of a musical instrument, and
towards the end of this period high-pressure stops were introduced on a considerable
scale. Thus, the fingers and feet of the organists of these instruments were sorely tried
and the need for some assistance was seen. But it must be said at the outset that
nothing has yet been discovered which gives the organist more control of the pipework
of his instrument and allows a greater variety of subtle touches than a well-made

tracker action in a small or moderate-sized, low pressure organ
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Sumner quotes Dr John Camidge of York Minster wgitin 1833 to Charles
Spackman Barker, who had sought his support fopiésimatic lever:

“... Mr Hill, of the late firm of Elliott and Hill, has erected our organ, and, | assure, the
playing is no sinecure; it is most laborious work to go through a grand or last voluntary
with the whole power of the instrument. Such a difficult touch as that of York Cathedral
is doubtless sufficient to paralyse the efforts of most men, | assure you. |, with all the
energy | rally about me, am sometimes inclined to make a full stop from actual fatigue

in a very short time after the commencement of a full piece.”

Norman, John “The Design of Organ soundboard PalleValves” JIMIT Spring
1977 p4d

This paper covers the calculation of the airflowotigh the pallet opening and, more
interestingly, calculates that pluck is minimiseten the action is geared to make

the pallet opening width equal to 4/3 of the padletp.

Soderlund, Sandra Organ Technique an Historical Approach(Chapel Hill,
Hinshaw Music 1980)

The only way to achieve expressive nuances on the organ is by manipulating the
duration of the notes themselves and of the spaces between them

Soderland quotes extensively from early works dree is no mention of anything

other than the length of notes.
Collins, Peter. “A Question of Touch”JBIOS Vol. 6 p 36
Peter Collins was one of the leaders in the retarthe classical style of organ

building, as exemplified by Greyfriars Kirk, Edimgi, and advocates a scientific

approach to organ building.
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Collins’s paper discusses action masses and asspres but then goes on to
compare a Victorian mechanical action with a modeguivalent — a very valuable
exercise that needs to be done properly. Insteadalwiulating the EDM of the
various components, he calculates their actual nTdsstwo are only approximately
equal for trackers and stickers that move approtéipan a straight line. All rotating
components have an EDM significantly less than rtratual mass. Collins’s
calculation is only of value in determining theesigth of the building frame and the

floor loading.

Wills, Arthur Organ Yehudi Menuhin Music Guides (London, Macdonald 198)
p19

In any discussion about the respective merits of different types of organ action the
words ‘light’, ‘sensitive’ and ‘responsive’ are usually bandied about, often being used
without adequate definition. What needs to be made clear from the outset is that
tracker actions, rather than the simple on-off electric switch type of mechanism, offer
the player the possibility of being able to control the speed of attack of the sound.
Without varied attack and release characteristics, notes have a monotonous uniformity
which can be likened to human speech without consonants. But some tracker actions
are so heavy, sluggish or spongy, and therefore unresponsive, that playing of any kind
is impeded, and sensitive playing rendered quite out of the question. Then, certainly, a
good electric action seems preferable for any music....

[Barker leverpdid not allow physical control of the speed of opening and closing of
the pallet

Wills goes on to compare the organ with the piand harpsichord and concludes

that a tracker action falls somewhere in the middle

Hoffman, Ludwig “Mechanical Action” ISO Information No. 26, June 1986
Translation by Keith Reginald Foster

This paper explains in some detail the calculatbmallet opening sizes and how

pluck can be minimised. There are, however a nurabproblems.
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Hoffman graphs key force against movement for almemof pluck to pallet spring
ratios and states that, empirically, they shouldabeut equal and between 120 and

160 grams in total. The graphs are based on ng &ipg on. On page 31 he states:

Of course other measurements could be undertaken, by which different registrations
could be characterised. There is an additional force that could gauged by such a
measurement — the dynamic force of the wind, or the fluid pressure generated by the
moving air. This is of course a highly variable factor and will not be considered any

further at this time.

Woolley (Actions and Reactiondournal of the Institute of Musical Instrument
Technology, September 2002) makes the point that iajority of organ
performances take place with one or more stopamhto base these calculations on
the only case that does not happen in practicaremjustification. It is possible that
air leaking past the pallet increases the pressutiee groove but not to the extent

that the pipes murmur. This might reduce the meabkpluck with no stops on.

Excursions into the esoteric realms of fluidics are seldom worth a practicing organ

builder’s time. (page 14

One of the graphs does, however, show the effettteoftutti”. This correctly shows

that the effect of the airflow is felt over a grerakey movement, but it also shows
that the peak force required to start the key nmvincreases. This requires
explanation (of which there is none) because thisef should simply be pluck (a
function of the difference in air pressure acrdss tlosed pallet) and the force
exerted by the pallet spring (see comments abonabue, page 35, who describes

the same phenomenon).
Hoffman recommends that a safety factor of onedtbi added to the total area of

the toe holes in order to allow for inefficiencidis requires more investigation and

guantification (discussion with builders revealédttthey add a safety factor of
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between one fifth and one half) as it may indiGat@ndamental inefficiency in the

standard bar and slider wind chest. Any excessisidigectly reflected in the pluck.

He states that a long, thin pallet (opening 43.88xc1.1 cm, these numbers being
derived as the result his method of calculationjndesirable because of the risk of it
becoming misaligned. Unless he is suggesting tieapallet will warp, it is not clear
why, as the pallet can (indeed must) be made widen the slot and is closely
guided so that it cannot move sideways. (The Gertegnhuses the worderwirtft,
which the Collins German Dictionary defines asrvirren) “to become tangled, up,

snarled up or confused in relation to thread gtc”

He states that the pallet opening width should nbedess than twice the pallet drop
(even though it will reduce the pluck to airflowtild because “the wind streams
overlap, imparting mutually disruptive forces”. Bhwill overlap (Chapter 4.2.2),
but he does not elaborate on how this will maniitsstif. John Norman (formerly of
Hill, Norman and Beard) in a private discussionhwihe author stated that he
regularly used “narrow” pallets and that they appdao smooth the airflow rather
than disrupt it although this had never been folyratldied.

Forsyth-Grant, Maurice Twenty-One Years of Organ-BuildingOxford, Positif
Press 1987)

Forsyth-Grant was an electrical engineer who wetd organ building as a second

career.

Of course | am not an organ-builder by profession (any of the establishment will tell
you that).

On the one hand he was responsible for some cléagly classical” style organs
(such as New College Oxford, 1969, etc) but he alss quite prepared to build an
extension organ (in which ranks are extended inpas® so that they can sound at a

number of pitches by using a separate electricevahder each pipe) if that was the
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best option in particular circumstances. He waadrocate of chipboard as a stable
constructional material along with composite slgdemd aluminium pallets etc,
which was very much against the trend prevailingtted time of using only

traditional materials and methods.

Perhaps surprisingly, he goes into very little dletbout his key actions although
clearly prefers mechanical. He incorrectly staked the form of balancier illustrated

in Audsley would cause the key to remain down,us&d the correct version widely.

A leaflet clarifying Grant, Degens and Bradbeer'svm to share the premises of
Alfred Davies and Son in Northampton states (Brit@drgan Archive, undated but
about 1970):

Our policy to design and build the modern Classical Organ with slider chests, low
pressure pipe work voiced in the open foot principle’, together with correctly designed
casework, will be rigidly maintained. Wherever practical we will recommend only the

use of full mechanical action to Manuals and Pedals.

He clearly considers mechanical action to be a@els element of a pipe organ, but
not an essential one.

Ogasapian, John K.Church Organs — A Guide to Selection and PurchaSélS &
AGO 1990 p108

The bottom line is that, aside from artistic considerations (and many if not most
organists and builders tend to prefer trackers for artistic reasons), tracker action
represents the wisest economy and should be chosen whenever and wherever it is
possible to do so, especially for a small pipe organ.

! |.e. the airflow through the pipe is controlleddhanging the cross section of the flue rather than
changing the size of the toe hole.
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Baker, David The Organ(Princes Risborough, Shire 1991 reprinted 1993) (01

Tracker action allows the player to be in close contact with the instrument and the
pipes. A much more sensitive touch can be used with such an action and a good
player can articulate the sound of the pipes by the way in which he or she depresses
the key

Donahue, ThomasThe Modern Classical Orgar(North Carolina, McFarland
1991) p71

The organist can control the speed at which the pallet opens and closes

The entire effect is subtle but definite. The organist's ability to control this for musical

purposes is probably limited

A mechanical key action should have little slack or “play”, so that any downward
movement of the key is matched by a similar movement of the pallet. ...the organist’s

fingers are responsible for the position of the pallet at all times.

He goes into considerable detail about the advastafi mechanical action and the
ability of the player to control the movement oé thallet. He is of the opinion that it
is possible to control the pallet beyond the plagkpoint, but appears to assume that

any action is completely rigid.

He quotes some figures for pluck measured on tharoat Souvigny in France built

by Clicquot in 1982 that show that for some keys higher with the Plein Jeu rather
than just a Bourdon 8’ [Legros 1976]. Since plulaifunction solely of the pressure
in the wind-chest on one side of the pallet andoapheric pressure on the other,
there might be an increase in pluck between nosstopand a single stop on due to
leakage past the pallet not being vented throughpipe but is unlikely that this

would of sufficient magnitude to have any effectemtmore than one stop was on.
Donahue suggests that the increase might be dhe twhanges in wind pressure that

occur when air is in motion.
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Apart from a total resistance of 140-160 grams ¢Whie gets from Hoffman q.v.),

he does not quantify any of the characteristics.

Bellochio, Mathew-Michael.Long Run ConcerngThe American Guild of Organ

Builders Convention, Portland, Oregon 1992 video m@ording)

This lecture (als@eginnings and Endingsy the same author) describes how good

engineering practice can minimise inertia whilsiximasing rigidity.

Bellochio measured that seven *“typical” commergialivailable felt washers
nominally 3 mm thick will compress by 4.24 mm asasw@ed at the key when a
force equivalent to a weight of 180 g is require@pen the pallet. This is in addition
to any other flexibility. He states that most od$k washers can simply be omitted so
long as the action is under tension and thus nambeptto rattling. Washers can be
used on the “return” side of a component in oraerdgduce movement. (Fig 3.3
shows standard felt washers on the roller armsaabiidge School and thicker

washers on the return side).

i
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Fig 3.3 Tonbridge School Chapel. Felt washers on roller arms.
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He concludes that aluminium squares are betterwmaten ones by measuring the
net weight exerted at the end of a horizontal arhere is no direct relation between
this and inertia of the component as installedhaaigh there may be a close
correlation in the case of standard squares. Thlmgquares use needle bearings
and the wooden ones have undefined bearings. fiHaton will cause a significant
error in measuring the weight exerted at the endrnaf arm. This experiment was

repeated in a modified form for this project ane tasults are presented on page 94.

There is no discussion about how touch might kegedlto sound.

Hurford, Peter. Making Music on the Organ(Oxford, OUP 1995) p15

The only completely satisfactory form of action is one in which the movement of the
player’s fingers is accurately reflected in miniscule detail at the pallet; and the only
means by which this may be achieved is through a purely mechanical linking of finger

and tonal source - as with any other musical instrument.

Nevertheless, Hurford's discussion on touch comsidelely differences in tempo
and does not mention variation in the speed ofrkeyement.

The drawings of actions and pipes are among tteee of any so far found.

Fisher, Roger. “The New Marcussen Organ in the Bridewater Hall,
Manchester” Organists’ Reviewno. 326 May 1997 p93

The touch of the uncoupled manuals is splendid and | am sure that it was wise to use

pneumatic balancers on an organ of this size.

When full organ is in use, only the Great and Pedal are actually being worked
mechanically, and the other three-fifths of the organ are, at that stage being worked
electro-magnetically. Although some of the subtlety of mechanical action must

inevitably be sacrificed when manuals are coupled, the mechanical action of
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whichever manual is being played at the time has a satisfying feel and this gives the

player confidence

Hollick, Douglas. “Great Dane’: Manchester's new Marcussen” Choir and
Organvol. 5 no. 2 March/April 1997

The touch is firm, but not unduly heavy, and quite deep, but one has to remember the
size of the organ, and the length of some of the action runs; the response to the finger

is commendably light...”

Bicknell, Stephen. “Raising the Tone"Choir and Organ vol. 5 no 2 March/April
1997

Bicknell was a designer on some of the large mechbmction organs built by

Mander for whom he worked for a considerable time.

He questions whether mechanical action should bd usliscriminately particularly
where assisters are required and suggests tisahit timing rather than modification

of the transient that is important in asnherwise dangerously inexpressive instrument”.

He is of the opinion that it is not possible to ma electric keyboard with a contact

point sufficiently near the top to replicate a meaical action.

Now, unlike the skill of controlling chiff, articulation is a game anyone can play

Moreover, as a listener | find it quite easy to hear the articulation in an otherwise quite
average performance, provided the action is mechanical. Barker lever or charge
pneumatic preserve some of the detail. On exhaust pneumatic, electro-pneumatic and

direct electric much of it is lost.

He goes on to say about organ builders’ approatidsiilding large mechanical

actions:
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What actually happens is that organ-builders all avoid the issue furiously: they either
build true copies (where the problem doesn't arise - ‘yes, we really are going to make

the action as heavy as in Bach’s day’) or they cheat.

By “cheat” he means that they include pneumatielectric devices to “make life

easier”.

Williams, Peter and Owen, Barbara The Organ The New Grove Music

Instrument Series (London, Macmillan 1997)

There is no discussion on the merits of particalaions, characteristics or how to
achieve them despite this book often being thedcite the definitive guide to all

aspects of the organ.

Thistlethwaite, Nicholas. The Making of the Victorian Organ(Cambridge
University Press 1999)

Although not really considering actions in any #igant way, the author includes
some illustrations of advances made during theopehe is writing about. He
includes an illustration of a balancier (which herilbutes to Barker), which is a

variation on the Audsley “incorrect” style.

Noehren, Robert. An Organist’s Readel(Michigan, Harmonie Park Press 1999)
pl6l

Noehren was at various times an organ builder ante&sor of Music and chairman
of the Organ Department at the University of Miarigat Ann Arbor from 1949 to
1960, continuing as University organist until 19He started his organ building
career building mechanical actions but later turagdinst them. This makes this

lengthy quote of particular interest.
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It is not easy for the layman or even a professional organist to understand the
construction of either electric actions or mechanical actions as organ builders do. An
organ action, in elementary terms, simply opens and closes a pallet or a valve. Both
organist and organ builder believe that the pallet of a slider-chest controlled by
mechanical action can be opened at varying speeds, but it is not well understood how
such varying speeds of the key action can be used in the subtle art of making music,
nor is it well understood that the pallet must be opened rather quickly by a fast action
of the finger or it will fail to open. The organist, even one with skill, when playing an
organ with mechanical action, may be unaware of what happens when he depresses
the key within the rhythmical motions of a musical phrase, either in an allegro or an
adagio. Even in an adagio, when he is playing very slowly, it is not easy to perceive
that his finger action must be nearly as quick as it is in an allegro movement or the
keys will not be depressed. Even in terms of slow motion or simply moving slowly from
one note to another, the finger action must be relatively quick to overcome the
resistance of wind pressure against the pallet. The wind pressure in the chest
determines the value of the resistance.

On a large wind-chest, the resistance from the wind pressure is even greater than on
a smaller wind-chest and a still quicker and firmer action of the finger is required. In
his subconscious, the organist who is familiar with playing a tracker organ harbors an
experience which warns him that unless he uses quick enough movement the pallet
will not open. He has instinctively learned to adjust the speed of his finger action to the
resistance of the organ action. Even in the playing of an adagio, when his rhythm
reflects a sense of quiet motion, he may be deceived, for he may believe that he is
affecting the speech of the pipes when it is rather the rhythm in playing rubato or the
delaying of a note here or there that is giving him such an impression. It is possible he
confuses the speed of his finger action with the rhythmic motion of the phrase, and is
unaware that his finger action is only just slightly slower than the finger action he uses
in an allegro movement. It is never slow enough to alter the affect of the articulation of
a pipe appreciably. If his finger action was any slower, it would not be able to open the
pallet at all. The expressive energy he brings to the movement in rubato will indeed
affect what he is doing rhythmically and cause him to believe that he is playing a more
sensitive action. The proximity of the keyboards and trackers to the pipework,
relatively close to the action at the wind-chest, contributes to a more immediate
response than an organ where the keyboards are located some distance from the
pipework, typical of electric action. This helps to influence his belief that mechanical

action is more sensitive than electric action. Regardless of the type of action, a
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keyboard only a few feet from the pipework is obviously more responsive than one

controlled by electric action some distance from the pipework.....

In sum, many organists have only a vague notion of their finger action at the keyboard
of any organ, and the organ builder has just as vague an idea in musical terms of how
his instrument is played. Both organist and builder come to the organ with different

kinds of knowledge and are rarely able to discuss their problems except in very

general terms. [He suggests that pianists have a better idga.

An organist who has become critical and sensitive about his use of his touch will
observe more closely the problems of organ action organ to organ, and will gradually
seek for a kind of action, whether it be mechanical or electrical, which is responsive
and light enough, even with all manuals coupled, to play at any tempo with sensitive
rhythmic control. It is also necessary to have a key action in which repetition is fast
and precise. In the construction of mechanical action, in an attempt to lighten the
action, the organ builder can only go so far before there is too much inertia and the
key will not return fast enough. The action of a large tracker organ controlling a wind-
chest with 10, 12, or 15 registers, when large pallets and more wind are involved,
generally speaking, is too heavy and not light enough to permit anything less than a
very fast finger action in order to depress a key. It is quite evident that an organist
playing an organ with a heavy action has little control to engage in effective rhythmic

nuance.

Here is a very clear opinion that the player carsmgnificantly vary the way that he
moves the keys given by an organ builder, perforaret teacher. This may have
come about through close observation and persoparience, but it lacks objective
evidence to support it. This is an example of wiggn@ions can be readily tested by
experiment. Noehren’s position at the UniversitpMd€higan might have led to such

an exercise being carried out.

Part of this book had previously been publishetTime Diapason” [Noehren 1993].

Curley, Carlo In the Pipeline(London, Harper-Collins 1998) p179

Mechanical action, far from being displaced by electric action, has staged a

remarkable comeback since World War Il. This kind of key action certainly has its
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devotees, and in recent years has been elevated to cult status in some quarters. Its
adherents claim that the mechanical linkage between the keys and the valves offers a
subtle control over pipe speech. For me, this is science fiction. At best, if you are
playing slowly on a single stop on a very sensitive mechanical action (such as a small
continuo instrument) such intimate control may perhaps be possible. But is it
desirable? Not to me. Pipes are voiced for the onset of wind as it is provided normally.
Any variation in its supply or release simply exaggerates all kinds of non-musical
sounds within the pipe speech, detracting from beauty rather than creating it. The
differences are utterly unlike those that the pianist can effect through the control of his
instrument. Furthermore, the idea that the player can exercise such subtle control
while playing at any reasonable tempo is simply unrealistic. Clearly, to some
organists, a good tracker organ can be most gratifying to play, much like a fine
harpsichord. But, in the final analysis, there is no difference for the audience to hear
and | trust that they prefer to pay for things which they can hear!

Robert Noehren was not only an organ-builder, but was Professor of Music and
chairman of the Organ Department at the University of Michigan at Ann Arbor from

1949 to 1960, continuing as university organist until 1976. In this position he helped to

educate a generation of young organists. He puts the case most eloquently: [See

guote from Noehren on page 40]

[Curly continues]rhere is an additional difficulty in controlling the ‘speed of descent’
and it's the organ’s equivalent of the ‘pluck’ in a harpsichord — once the seal around
the pallet has been broken, the resistance to the player’s finger drops markedly and
the key ‘plops’ down. So exercising control in this motion is akin to attempting to break
a piece of glass in slow motion. In real music and with manuals coupled, it is more like

trying to break several pieces of glass at the same time.

Instead of opening up new horizons, tracker action for me imposes a number of
distressing limitations. | need a prompt attack and release, as one gets on a Steinway
or Bechstein piano. And most tracker/mechanical actions simply cannot offer this.
They all seem to suffer from an uneasy compromise. To achieve acceptable return
speed, strong springing is indicated. But that makes the action heavier to play.
However light (or otherwise) the builders contrive to make the forces needed to move
the keys when playing slowly, tracker actions can be hopeless for really fast (e.qg.

toccata) playing simply because there is such a mass of inert wood- or metal-work

flailing around [etd.
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Curley makes the specific point that pipes are edifor one specific rate of attack

and that varying this is detrimental to the tone.

Jones, Kenneth “Manual Coupling in Larger Organs” Organists’ Review
November 1999 no 336 p322

Cathedral of the Madelaine, Salt Lake City (IV/P, 6IB89). This organ has
pneumatically operated sub pallets that are latiyan the mechanically operated
pallets. The wind supply to the pneumatic motorsastrolled by a ventil connected
to the stop action. The pneumatic pallet is onlguight into effect when a certain

number or combination of stops is drawn and thetiaee! wind supply is required.

St Peter’'s Church, Eaton Square, London (IV/P 653).

Here the Great, Swell and Solo departments have secondary pallets for their bottom
32 notes, operated electrically and fired by optical switches at the pull-downs of the
primary pallets. The firing point occurs when the primary pallet is about 2mm open. It
is important that the switches are precise and without hysteresis, as upon release of
the key the pallet must close completely before the first pallet approaches closure,
thus handing over control to the first pallet for closure and snap bedding of that pallet,

which is the one responding to the player’s finger.

...... the first pallet should be small (relative to the size of the soundboard/department)
but only as small as necessary to permit purely mechanical coupling. It would be
possible to make the first pallets very small, but this would make the touch, the feel,
unreal for a large organ. And over-light mechanical actions are difficult for the player to

control.

....... The key-action at St Peter’s, Eaton Square, uses electric power in a manner
which is altogether and fundamentally different from organs with mechanical key-
action and electric coupling. At Eaton Square, at all times, and in all coupling
conditions, the attack and decay of the wind supply to all the pipes is directly under the

control of the player’s fingers, and without compromise.
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Ritchie, George and Stauffer, Georg®©rgan Technique(Oxford OUP 2000) p5

'Allow’ the finger to depress the key. The downward motion should be as rapidly as

possible.

The chief advantage of tracker action is that the player has direct control over the

opening and closing of the [pallef.

If the downward motion should always be as rapadypossible, it is not clear what

advantage the direct control of the pallet gives.

Marsden Thomas, Anne.A Practical Guide to Playing the Orgar{London,
Cramer 2001)

Marsden is Director of the St Giles Internationafj&h School

[Mechanicdl is the most sensitive and reliable action. The pipe responds promptly,

and you feel in control of the pipe’s speech.

Musical expression at the organ is controlled by three means: silences of variable
length are inserted between the notes (touch), notes are played slightly ahead of, on,
or slightly after the beat (rhythm), stops are changed and expression pedals are

adjusted (registration).

Control of the attack is essential for musical playing on the organ. By detaching notes
to reveal the attack, or attaching the notes (legato) to mask the attack, you can create
entirely different effects on the organ. You can also control the impact of the attack:

the more you detach the notes, the more audible the following attack seems.

Marsden is clearly stating that the only contrattthe player has is by varying the

rhythm and not by varying the transient.
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Klais, Phillip. Institute of British Organbuilding meeting, Symphony Hall,
Birmingham June 2001

At a meeting of the IBO to mark the opening of h&v organ in Symphony Hall,
Birmingham, Phillip Klais stated his reasons foilding large mechanical action
organs (after joking that, contrary to rumour, thias not the first time that the

mechanical console had been used):
* The layout constraints imposed by a mechanicabadtrce the designer to
plan the organ carefully and lay it out in suchaywhat the action runs are as

short as possible and the chests are planted simply

» It prevents the temptation to use extended rankspwing, split and remote

chests, and other “undesirable” things possiblé @i¢ctric actions.

» The logical layout makes the tuner’s job easier.

Mr Klais also stated these reasons to the authongla private conversation. He
does not mention musical advantages.

van Oortmerssen, JacqueOrgan Technique(Goteborg, Goteborg Organ Art
Centre 2002)

van Oortmerssen is Professor of Organ at the AatesteiConservatoire.
Although van Oortmerssen talks about “sensitivdoast and the need either to

release chords simultaneously or in a controlleggtred way, he does not discuss
the control of the transient.
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Moyes, Andrew. “Tracker or Electric” Letter in Organists’ ReviewNovember
2002 no 346 p373

When the rather convoluted tracker runs for Southwell Minster organ were being

designed, | needed to know the distribution of inertia in a typical mechanical action.

As a yardstick, calculating the moments of inertia for a medium-sized modern tracker

organ with trackers 3 metres long and good playing characteristics gave:

Key 60%
Trackers 12%
Pallet 8%
Squares and backfalls 7%
Roller & arms 5%
Other 8%

These are not moments of inertia (which only applyotating components anyway)

but, presumably, relative proportions of effectilygmamic mass.

Moyes says that the effective mass of the keyeaptint of attachment of the tracker
is 86 g. The critical factor is the effective madsthe point of finger contact and

without knowing where on the key lever the tracieattached, this information is

not useful. The relation between the effective ntdtbe key and the pallet suggests
that the mass of the pallet relative to the keguie low. The relation between the
actual mass and the effective mass of both compeneressentially the same, as
they move in similar manners. This means that tttaah masses should be in the
same proportion. Peter Collins [Collins 1982] swgige ratio of 1.6:1 rather than the

7.5:1 shown above but this will vary consideraldyieen instruments.

We are also told that the trackers are three mi&irgsand have a mass of 15 grams
(which is close to the figure calculated in thisgis). This would suggest an EDM of
75 grams according to the above ratios rather tiharstated 86 grams but this could
be accounted for by the difference in position lo@ key lever of the finger contact

point and the tracker attachment point.
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Taking the effective key mass to be 86 grams imnspdidotal action inertia of 143.3
grams, which is approaching the limit (150g) fohiawing a repetition rate of eight
notes per second with a playing weight of 80 grahims seems high for a “medium

sized” organ which might be expected to be combdytéess than the maximum.

Speerstra, Joel (Ed)The North German Organ Research Project at Goteborg
University (G6teborg, Goteborg Organ Art Centre 2003)

This project set out to reconstruct a North Germi@an based on the organ built by
Arp Schnitger in Libeck Dom (1699) and St Jacolbamburg (1693). Extensive

research was done on historical pipe making metbatispart from measuring key
movement and force, the opportunity was not takesttidy how organists actually

played despite the availability of expertise andipapent in the University.

Grassin, Didier. “Trackers — material evidence” Organ Building (Bury St
Edmonds, Institute of British Organ Building vol 3 2003) p72-75

This paper discusses the physical properties ourmber of materials used for
trackers. It looks at mass, stretching, thermabesppn and gravitational deflection

of horizontal trackers.

Angster J, Pitsch S, Miklés A. “The Influence of Diferent types of Wind Chests
on the Sound Formation of Flue Organ Pipes” CFA/DAGA'04 (French

Acoustical Society/German Acoustical Sociefgtrasbourg March 2004)
This paper describes the difference in harmonimé&tion between a slider chest and

a cone chediut does not state how the key of the slider clvastmoved or consider

how it may vary.
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Fischetti, Mark “Working Knowledge — Pipe Organs” Scientific American July
2004

This article is one of a series explaining the vimgk of everyday objects suggested
by readers. Fischetti states that:

As listeners sought a greater variety of sounds from ever larger churches and
municipal halls, however, greater wind pressure was needed, and players had to
press even harder on a key to open a pallet against that pressure. Designers

eventually turned to new-fangled electricity to solve the problem.

Today organs with each of these types of “actions” (mechanical and electpiare still

made. “There are differences of sound”, says Stanley Scheer, vice president of
Casavant Freres ... “There is a kind of refinement in sound quality to certain designs,
a kind of excitement to others”.

We are not told whether these differences can aeithin different types of action
or between them.

Pykett, Colin “The Physics of Organ Actions” Pykett.org.uk (accessed 22
October 2005)

Dr Colin Pykett is a physicist and his article csvéhe calculation of pluck and
action masses and no other work in the public doroavering this material came to
light during this review. It does, however, contabme errors and some statements
that appear to need further explanation.

Consider a conventional long, thin pallet hinged at one end. The ratio of windway to
pluck is given by Q=2d/wp approximately, where d is the distance the pallet descends;
w is the width of the aperture it covers; and p is wind pressure. An efficient valve

clearly must have as a high a value of Q as possible...

Note the curious fact that the length of the aperture does not arise here, therefore Q is

dominated by aperture width rather than length. It follows that, in the limit where a
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pallet aperture is infinitely thin (w tends to zero), pluck vanishes but the windway

remains.

Q=2d/wp only applies to a pallet drop where d gslthan w/2, i.e. the pallet drop is
less than half the width of the pallet opening t méhat would generally be
considered a “thin” pallet. In fact pluck will remaconstant and the windway will be

maximised.

...a modern roller assembly made of aluminium tubing 8 mm diameter with a 6 mm

bore, a length of 1 metre and having roller arms 50mm long has an EDM (Equivalent

Dynamic Mass)of about 0.15 gm. This compares with its actual mass of about
32 gm.

On page 89 it is shown that such a roller (withth& arms) will have a mass of
59.4 g and an inertia of 0.297 g. Pykett appealmt@ made his calculations using a
bore of 7 mm. His comments about the differenceveen the actual mass and the

rotational inertia are very valid.

..the masses of stickers, provided they are short and lightweight, can likewise be

ignored.

This is true, but stickers are of relatively larg®ss section because they have to
resist buckling. If they are anything other thanrslhey cannot be ignored. Note the
diameter of the sticker in Fig 2.6.

The equivalent dynamic mass (EDM) of a backfall action is dominated by the total
tracker masses. The masses of all other components contribute less to the EDM even
if their masses are greater than those of the trackers. Rollers are almost always

negligible in terms of their effect on action inertia.

On page 65 it is calculated that a one-metre lenftigpical modern wood tracker,
8 mm by 1.3 mm, has a mass and thus inertia of ¢.lBie maximum EDM of an

action to achieve a playing weight of 80 gm ane@etition rate of eight times per
second is shown on page 64 to be 150 gm. It islear how this is dominated by the

tracker mass. The discussion of rollers in thissihesuggests that they are not
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“almost always negligible”. This statement is presibly based, in any case, on

Pykett's incorrect calculation on the lightest coomty used rollers.

Maximum allowable tracker length [in @ suspended actipffor a repetition rate of 8

notes/sec the maximum allowable tracker mass is 228 gm.

Even allowing for Pykett's suggested gearing ratia/’:10, this is equivalent to an
EDM at the key head of 159.6 g before any otherpmments are taken into account

(against the target maximum of 150 g).

Pykett does not make more than passing mentiooosehess and does not consider
flexibility at all.

Bethards, Jack M. “A Brief for the Symphonic Organ” The Diapason(Des
Plaines, lllinois, Scranton Gillette) vol. 96 no. September 2005 p22

Bethards is President and Tonal Director of Scheém#& Co Organ Builders of San

Francisco.

The most important reason for absolute uniformity of chest response under all
conditions is the fact that pipes do not have the flexibility to adjust for variations in
attack, wind supply, and release as do other musical instruments.

This leaves the valve as the only means of control and that control is limited even on
the best mechanical action. | submit that this element of control is actually a negative
because variations in valve action, being different from the ones experienced by the

voicer, will be more likely to degrade pipe speech than to enhance it.

Here is an organ builder clearly stating reasong eftanging the transient is

undesirable.
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Bohn, David. Wisconsin Alliance for Composers — wwwiscomposers.org, On
the Nature of the Beast that does not Breathe —dposer’s-Eye View of Writing

for the Organ Newsletter date unclear

This type of action is the oldest, and many organists consider it best in that it gives
them the illusion of precise control over what is occurring. The prime weakness of a
mechanical action is that it gets harder to control (particularly....when couplers are

engaged) on a larger instrument

Clarke, Arthur C. 2010 Odyssey Twgondon, Voyager 1997) p246

“Thank you, Hal. On the button”

Now that was another phrase that was badly dated; for at least a generation, touch
pads had almost entirely replaced buttons. But not for all applications; in critical cases,

it was best to have a device that moved perceptibly with a nice, satisfying click.

3.3 Discussion

The above quotes give an idea of the breadth ofi@ps about the merits of
mechanical actions over the past 230 years. Asbémk as 1778 Dom Bedos
describes the action as becoming “hard” if theraguirement is too great. He is
presumably referring to pluck. He also describexifflility in the pedal action if the

rollers are too long.
In 1909, Stainer expresses the view that thatithehauld not be allowed to “sneak”
into the pipe and spoil its tone. This view is ats@ressed by Curly (1998) and

Bethards (2005), who both point out that pipesvaieed for a constant airflow.

Jude (1922) and Harrison (1953) both describe #ye“kopping down” as pluck is

overcome and thus removing any control of the palle
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None of these authors, however, back up their opimith any objective evidence
and no authors describe how any control of theepaibuld be used in a musical

context.
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Chapter 4

Mechanical Characteristics of Organ
Action Components

4.1 Introduction

This chapter discusses the principal mechanicalacheristics of pipe organ action
components that affect the touch (which can be lsstigally defined as “what the
player feels when he moves a key”). It covers thesthncommonly used action
components, many of which are commercially avaddiobm a number of different
manufacturers and is intended to give a comprehersit not exhaustive discussion

of the factors involved.
Many action components (typically key levers, s@saroller arms, pallets) are made

out of wood, the most even grained of which is petfectly uniform and, in

practice, an allowance must be made for this.
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4.2 Pluck

The one characteristic that defines the naturéetauch of a mechanical pipe organ
action is pluck (being analogous with the feelhs plectrum plucking the string of a
harpsichord. It is also called “top resistanceR)uck is caused by the pressure
difference across the closed pallet. Fig 4.1 repeed an illustration by Audsley of a
cross section of a bar (groove) and slider windsth&he groove or bar is the
channel on which all the pipes for one note aratpth The sliders (S) are movable
strips usually of wood that determine which rankspipes receive air from the
groove by lining up holes in the slider with copesding ones on the top of the
groove. The pallet box (ABDH) contains pressuris@dwhereas the groove (bar)
contains air at atmospheric pressure. The net fofdbe pressurised air has to be
overcome in order for the pallet to start openig soon as the pallet starts opening,
the pressures on either side of the pallet stadqualise and the additional force
reduces very quickly. The feeling has been liketoeplushing a finger through a thin

layer of ice.

Fig 4.1 Cross section of a bar (groove) and slider windchest adapted from Audsley Fig CLIX.
The significant parts are: N connected to the tracker from the key and pulling open pallet H
via tracker M, compass spring G providing the closing force on the pallet, pallet box
containing pressurised air, groove connecting all pipes played with one key, slider S shown
open so that the pipe, planted in tapered hole P, will speak when the pallet is opened.

[Audsley 1905], page 215 — Audsley calls it a “sliénd pallet wind-chest”
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The bar and slider wind chest has remained inuiteeat form for so long because it
is simple and because the force against the mhiketo air pressure in the pallet box
helps seal the closed pallet against leaks rownddges into the groove that might

cause pipes to murmur.

4.2.1 Calculation of Pluck

Pluck is the force measured at the pallet pull ddvat exerts an equal and opposite
torque on the pallet as the force exerted by theamegressure in the pallet box. A
cross section of a typical pallet is shown in Fig. 4or ease of calculation the pallet
opening is illustrated as being central betweenhihge and the pallet pull down.
This would not generally be the case and apprapedjustments to the calculations
must be made. In particular, in a suspended attiemallet pull down may be some
way further back to allow for the gearing down bé taction at the key. (See Fig
4.13a) Other variations will be dictated by the metry of the action. The length of
the pallet opening ik and the widtlw. The distance between the hinge and the pull

down isl, Let the pressure in the pallet boxfe

The force Fp,, against the pallet due to the air pressure isngnye

F, = PA= pwl, 1)
where p is the pressure in the pallet box

A is the area of the pallet opening

w is the width of the pallet opening

I, is the length of the pallet opening
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/2 groove
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T “pull down

Fp Fo

pallet box

Fig 4.2 Cross section of a typical pallet. The pallet opening has length | and the net force due
to the air pressure difference between the pallet box (high pressure) and the groove (low
pressure) is Fy acting on the bottom of the pallet at the centre point of the pallet opening. The
tracker from the key is attached to the pallet pull down and applies a force F,. In this
illustration, the section of pallet between the pull down and the hinged end is centred under
the pallet opening, where x is the distance between the pull down and the hinged end from
the respective ends of the pallet opening. The force Fy thus acts at the mid point between the

pull down and the hinge.

The forceF, acts through the centre of the pallet opening stiadcel,/2 from the
hinge end of the pallet opening. This point,& from the hingeF, exerts a torque,

1, on the pallet where

2
I pwl,

p
P2 2

r=F (2)

To overcome this torque B2 requires an equal torque at distahceom the hinge
end. Thus
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Chapter 4 Mechanical Characteristics of Organekc€omponents

r=F| =F_ -2 therefore

Fo= ©

where F, is the force to open the pallet as measured gidhet pull down.
4.2.2 Airflow through pallet opening

The method used by organ builders to calculateattfiow through an open pallet
has been described by Hoffnfand Norma# This method takes no account of fluid
dynamics and is over simplistic. Fig 4.3 illusteaten open pallet whereis the
length of the pallet openingy is the width of the pallet opening adds the vertical

distance by which the pallet opens.

Fig 4.3. Diagram of an open pallet. | and w are the length and width of the pallet opening and
d is the pallet drop, i.e. the vertical distance through which the pallet opens measured at the
front of the pallet opening.

Fig 4.4 is reproduced from Hoffman’s paper.

2 [Hoffman 1986]
% [Norman 1977]
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Pallet movement Pallet movement 4 Pallet movement
=1/4 =1/2 ] =34
of width of the slot of width of the slot of width of the slot
N
Ventilaufgang Ventilaufgang ; Ventilaufgang
=1/4 J =172 =34 _
der Schlitzbreite der Schlitzbreite Q der Schlitzbreite
\ N
§ / N
N
A \
X N\

Fig. 8
The drawing shows a pallet-fall equal to 1/4,1/2, and 3/4 of width of the slot :
Graphik ber das Verhaltnis zwischen Ventilschlitzflache und Durchlassflache bei verschiedenem Ventilaufgang

Fig 4.4. lllustration by Hoffman to represent the airflow through the pallet opening with
varying degrees of pallet drop d measured vertically

The shaded triangles represent the triangles fotgettie open pallet and the top of
the pallet box when viewed from the side (anef¥2), the hinge being at the top of
the illustration. In the first case, along with raal area at the open end, these two
triangles represent the limiting area through whaghcan flow. The area between
the two triangles at the open end due to airflountbthe end of the pallet is unlikely

to become significant because pallets generally gtdeast to half the width of the

opening.

When the pallet drop becomes greater than halivitigh of the pallet opening (third
illustration in Fig 4.3, the triangles overlap itke amount of air that can pass above
the pallet cannot pass through the pallet operimgwidth of which now becomes

the limiting factor at the open end of the pallet.

Fig 4.5 is a diagram of a pallet opening viewedrfrabove wher¢ is the length of

the pallet openingy is the width of the pallet opening adds the vertical distance
by which the pallet opens. Assuming laminar floke trianglesd represent the area
formed by the open pallet and thus the area dbairbver the top of the pallet. The
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red triangle represents the area where the araaflaw over the top of the pallet is

greater than can pass through the pallet opening.

a b C
NV NV N2

Fig 4.5 Diagram showing a pallet opening from above showing the airflow over the pallet and
through the opening assuming that the pallet drop d is greater than half the width of the
pallet opening w

Fig 4.6 shows a cross section of the pallet aniétpapening at the points b andc.

At point a the airflow over the top of the pallet (shadedkpiis less than can pass
through the pallet opening. At poibt the airflow over the pallet is equal to the
airflow through the pallet opening and at pairihe airflow over the pallet cannot all
pass through the pallet opening. The overlap ikliggted in red. The laminar flow

could be improved by rounding the edges of thespalbening.
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Fig 4.6 Diagram showing the cross section of the pallet and pallet opening viewed from the
front at the three points a, b and c indicated in Fig 4.5. d is the pallet drop and w is the pallet
opening width. The arrows indicate the direction of airflow. The pink shading represents air
that can flow over the top of the pallet and through the pallet opening. The red shading
represents the part of the pallet opening through which the air flowing over the pallet cannot

all flow.

If the length of the pallet opening liscm then, in the first case in Fig 4.4, above,
(pallet drop less than half the pallet opening hjidthe area of airflow is equal to the
area of the two shaded triangles, de(ignoring any airflow round the open front of

the pallet).

Where the pallet drop is greater than half thegpalpening width, as in the third
diagram, the area of the wind way is most easilgutated by subtracting the
unshaded area in Fig 4.5 from the total area op#iket opening. If the height of the

unshaded triangle #s then, from similar triangles,

d _ 0.5w

[ X

_wl

=24 (4)

X
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The area, A of the unshaded triangle is

XW _ XW
= 5
22 2 ®)

A= S TE (©)

The area of airflow, A, becomes

2
A=wl-A :WI—V:—I

- _w
A—Wl(l 4dj (7)

This is the formula derived by Norniaoy a different process.

Hoffman [1986] does not justify his statement tthegt pallet drogd must not exceed
half the pallet opening widtlv otherwise “mutually disruptive forces” will occur.
Norman has stated that narrow pallet openings appeantmth the airflow, but this
is an empirical view. Bishop and Somse long, thin pallets because of the

favourable airflow to pluck ratio and have foundproblem.

If the gearing is increased to increase the palfegning in order to increase the
airflow, the pluck as measured at the key increabEwman showed that the
minimum pluck for a given area of airflow occurs evhthe pallet opening width

equals 4/3 of the pallet drop.

* [Norman 1977] p44
5 Discussion with author
% Discussion with author
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4.2.3 Reducing pluck

As organs become larger with more and/or loudeegiper note, three factors

relating to the pallet and pallet opening beconitiat:

airflow
pluck
Equivalent Dynamic Mass (EDM)

If all the pipes are to be fully winded then thdlaw is a function of the total of the
air requirements of the individual pipes. Sincecfglis fixed for a particular pallet
opening area and wind pressure it is necessary to tnaximise the airflow to pluck
ratio. From the discussion above, it can be seanhdh the pallet opens further the
airflow increases but pluck (as measured at thietgadill down) remains the same. If
the pallet moves further in order to increase thlow and the key movement
remains the same, the pluck as measured at théday will increase in the same
ratio (as will the EDM of the pallet).

Pluck may be reduced by inserting triangular picoés the pallet opening at the
hinge end to match the areas through which ndaarst If this is done by narrowing
the outside edges of the opening, as some orgédaebsiido, the airflow is likely to

be reduced by having to pass through a narrow @lamith a rough leather surface
on at least one side (unless the face of the palletso narrowed). Their use, in
principle, means that airflow is optimised irregpex of the shape of the pallet
opening. Hoffman goes through the calculation otglagainst airflow for tapering

pallet openings.
If the pallet is hinged along its long side and abthe end (i.e. is “very wide”) the

predominant airflow is through the end of the opgréind a pallet opening of 1cm

would require a pallet drop of 1cm in order to giuarestricted airflow through the
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entire pallet opening. This would only be practidahere is sufficient width in the
pallet box for the hinges. “Sideways” hinged palleave been used and an example
photographed in Johannes Klais Orgelbau’s workshdgonn during 1999 is shown
in Fig 4.7. This organ was under restoration. Trablgm with such an arrangement
would be sealing the tracker attached to the ppllitdown as it passed through the
bottom of the pallet box, as it would move a siguifit distance sideways. It was not
possible to determine how this was achieved inek@mple photographed, but it
could be achieved without excessive movement of ttheker as it enters the
windchest by having a final flexible coupling ingithe pallet box at the expense of

having part of the mechanism relatively inaccessibl

Fig 4.7 Pallet hinged along its long side.

4.3 Maximum Allowable Action Mass

The maximum allowable EDM (equivalent dynamic massjnertia of an action is
determined by the required repetition rate, theimam allowable force applied by

the finger and the distance of finger movement.
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These values are to some extent subjective, bapaetition rate of eight notes per
second should be considered the minimum, beingldquademi-semi-quavers at 1
crotchet per second and represents a reasonablyilfast can easily be exceeded in
a small organ. The action, therefore, has to mowm fone extreme to the other in
62.5 ms.

The player can, to some extent, vary the time gf depression, but the key return
time is determined by the pallet spring. This foeserted by the spring will, in fact
vary, but over the relatively short distance ineahit is assumed for the purpose of
this discussion to be constant. The maximum alldevebrce has been found
empirically to be 80 g force (as stated by Hofflzr)a-:[nd a key head movement of
1 cm is adopted as a convenient round number,ofadth it should be noted that

measurements taken during this study suggestttisafrequently slightly less).

The key head, i.e. the point of contact with thegér, is taken as the point of
movement for the complete action and the Equivabymtamic Mass (EDM) of the
action is defined as the equivalent point masstéatat the point of contact of the
finger and key head that would give the same acatide under the same force as
the complete action. From Newton'’s laws of motwith acceleration from rest

d=1at?

N|=

where d is the distance travelled by the point of contddhe finger and key head
ais the acceleration of the key head

t is the time of motion of the key head

and since

" [Hoffman 1986]
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where F is the force applied to the key head to retuta its rest position by the
pallet spring.
M is the Equivalent Dynamic Mass (EDM) of the action

then

Since release time= 62.5 msF = weight of 80 g and =1 cm

_ 0.0625 x80% 981
2x1

M

M = 153.3g

Thus the total Equivalent Dynamic Mass (EDM) of #u¢ion is 153.3 grams in order
to achieve a repetition rate of eight notes peoiseavith a force required to keep the
key depressed equal to a weight of 80 grams artdavikey dip of 1 cm. 150 grams

is a convenient round figure to adopt as the targetimum EDM for this action.

4.4 Trackers

Trackers are the components of an action thatrirdmsotion by pulling in a straight

line (Fig 2.7). The two critical factors for trackeare mass and stretching.

4.4.1 Tracker mass

Modern trackers are frequently made out of pinesiarilar wood. Their mass is

calculated by multiplying their volume by their d#&y. Pine has a density of
approximately 0.4 g/cc. A standard manual tracki & cross section of 8 mm by
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1.3 mm will have a mass of 0.8 cm x 0.13 cm x 180xc0.4 g/cc = 4.16 grams per
metre length. Fig 4.8 shows wooden trackers in dlgan at Bridgewater Hall,

Manchester.

| | |

Fig 4.8 Wooden trackers and rollers. Bridgewater Hall, Manchester

Phosphor bronze has a density of 9 g/cc and wirk@&5 mm diameter will have a

mass of 1x0.08252x100x9 = 19.24 g per metre. Wooden trackees usually
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terminated with phosphor bronze wire (Fig 2.5) &mhould be noted that 5 cm of
phosphor bronze wire at each end of a 0.8 cm byrh.®ine tracker is equal to 46

cm of tracker.

Aluminium has a density of 2.7 g/cc and wire ofSLi6m diameter will have a mass

of 5.77 grams per metre. Fig 4.9 shows aluminiwaokers at New College Oxford.

i3l e
a3 {Pp
\ 'I !l RBIRNELE . |

Fig 4.9 Aluminium trackers at the back of the console. New College Oxford. The additional
trackers to the right are for the pedal couplers.

4.4.2 Stretching

The amount a material stretches (within its eldstitt) is determined by its Young’s

modulus and the applied force per unit of area.

stress
strain

E= (13)
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where E is Young’s modulus
stress is force per unit area

strain is extension per unit length

Rearranging:

. stress
strain=

For wood,E is approximately 10 GN/m?2

Assume a force equal to a weight of 200 g, i.e6 N9

Then strain = (0.2x9.81/(0.008x0.0013))]f10
strain = 1.89x10

Thus a one-metre length will stretch by 0.0189 mm

Five metres will stretch by 0.094 mm etc. If thacker is attached 7/10 of the
distance from the pivot to the key head, the fonal be increased in inverse
proportion, i.e. by 10/7, and the amount of stretgiwill therefore increase to 0.134
mm, and this in turn is increased in proportioriite leverage of the key lever, i.e.
10/7 again, giving movement at the key head of ®rhén, i.e. just under a fifth of a

millimetre.

This degree of stretch will be increased furthethié trackers are longer or the

gearing is greater and adds to the overall fleiybdf the action.

Phosphor bronze has a Young's modulus of 100 GN#mak so for wire 1.65 mm

diameter (standard “action wire”)

strain = (0.2x9.810.0008252)/18
strain = 9.18x18
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Thus a one metre length will stretch by 0.00918 nemapproximately one half the

amount of a pine tracker but with a mass 4.6 tigrester.

Aluminium has a Young’s modulus of about 70 GN/mé& @ne metre of 1.65 mm
diameter wire will stretch 0.013 mm.

Thin rods are susceptible to buckling under congoesloads however, and, if the
moving action is allowed to continue unchecked, nviige tracker comes to rest
when the key hits the key bed, that part of theoacthat the tracker has started
moving will continue to move causing the trackerbiackle. This may affect the
repetition rate of the action or may allow compdseilo become dislodged even if

the bearings have no slack. (This assumes thatableer stops dead.)

For a rod pinned at both ends (a tracker with nbattachments) the minimum force
required to start buckling is givenby

_ TEJ

w E

(14)

WhereW is the force to start buckling
E is Young's modulus
Jis the second moment of area of the section
L is the length of the rod

This is the minimum force because, if there isideways displacement, the rod will

simply compress. Thus, for a wooden tracker witlohllong section,

_ BH?®
12

J

(15)

8 [Gieck and Gieck 1997] page P22
° [Matthews 2004] page 83
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WhereB is the width of the section

H is the thickness of the section
For a one metre length of pine tracker 8 mm x 1n3 m

W = (12x10'%(0.008x0.001323)/12)/1

W=0.145N
This is equivalent to a weight of 14.7 grams. Sitice buckle load is inversely
proportional to the length squared (equation 14yametre long tracker will buckle
under a load of 3.68 grams and can readily be shovmickle under its own weight
simply by trying to hold it vertically from its basand it will thus not prevent the
pallet from continuing to move.
Over-runs are readily prevented, however, by ptastops at the end of travel of any
components likely to do so and it is unnecessamuisue the mathematics further.

Action overruns are a problem in actual organs whstops have not been

incorporated.
4.5 Stickers

Stickers move under compression in a straight(lifi@ 2.6). In this case buckling is

the significant factor, along with mass.

From equation 14, abovey = nz_IZEJ

WhereW is the minimum force required for buckling

E is Young's modulus
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Jis the second moment of area of the section ofticker

L is the length of the sticker

Assume that the load is 200 g, i.e. a force of IN9@and that there is no safety

margin.

For a circular section,

. xr?
2
Therefore
4 4
W= 772E727 _ n3E2r
2L 2L

_ |mEr?
L _1/ o (16)

For phosphor bronze wire with a diameter of 2 mmh Brr 13" N/m?2

Lo \/31.00x10” x 0.001*
2x196

L =0.889m

If the action is geared down by 70% and a safatjofaof 100% is introduced, then

this length will reduce by a factor gx 4to

L=0.156m
Thus, a phosphor bronze sticker 2 mm diameter ab860metres long will have a

mass of 4.41 g, a similar mass to a wooden tramkemetre long, in order to ensure

that it is unlikely to bend.
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Similarly, for a wooden sticker 3.5 mm in diameded E = 160,

Lo \/31.00x101° x 0.00175
2% 196

L = 0.861 m, or approximately the same as phosptuozie 2 mm diameter.

The mass of a wooden sticker 0.156 m long would .2 grams and is thus to be

preferred as a material for stickers.
The above should, nevertheless, indicate why ldie§gess are to be avoided where

mass is critical. Note the diameter of the stickethe model action by N P Mander
Ltd for Reading University (Fig 2.6).

4.6 Key levers, pallets, backfalls, squares etc.

4.6.1 EDM of rotating components

These are all essentially rods pivoted about as perpendicular to their length.
Fig 2.6 shows the model made by N P Mander LtdHerUniversity of Reading to

illustrate the difference between a backfall acaod a suspended action.

Initially assume that a key lever is a rod withwialth or height and that it is freely
pivoted at one end. The EDM of the rotating rod Wwé calculated by equating the
kinetic energy required to move its point of contath that of a point mass moving

the same distance.

The kinetic energy of rotation is given by:

KE =110/ (17)
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where | is the moment of inertia of the key lever

w Is the angular velocity

The kinetic energy of a mass moving in a straigtd is given by:

KE =<im,v? (18)

Whereny, is the mass of the object

v is its velocity

Equating the two:

sl =5my (19

For a narrow rod rotating about its end

myl? (20)

wl-

Wherem, is the mass of the rod

| is the length of the rod

Thus

Pmife’ =my’ 1

At lengthl from the pivot,

v=la (22)

Substituting this into the formula gives
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iximl?w’ =im,|?? (23)
Simplifying gives

m, =3m (24)
Thus the effective mass is one third of the aatuass.
However, this makes a number of assumptions. Kegréeare not uniform narrow
rods — they have width and thickness and have ti@mgin their cross sections at the
key head and along their length to accommodatgitiats and the tracker mounting.
The width of the lever is irrelevant but the heighthe key will have a small effect
on the effective mass.
For a rectangular plate, equation x becomes

I =4m,(?+h’) (25)
Whereh is the height of the key lever
If the lever is 50 cm long and 2.5 cm high
Then

|2 = 2500cm?

and

(1% +h?)= 250625 cm>
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This difference of 0.25% can be disregarded foctiral purposes but must be borne

in mind for exceptional cases.

A typical natural key lever will widen at the plagi end to fit round the accidentals
and will also have a covering of a material pogsibith a greater density than the
rest of the lever. It may also be cut away at wegipoints — any undercutting at the
head will offset the extra mass from the key cowgror widening. A number of
sample key levers are illustrated and it must bprersised that each case must be
taken on its own merits. A large mass at the ena@ slender lever will have a

significant effect on the inertia.

These additions and cutaways can be included icdtoailation by using the parallel

axis rule. This states that

|, =1, +Mh’ (26)

where |4 is the Moment of Inertia of the part of the objabbut the required axis
lo is the Moment of Inertia of the part of the objabbut one of its own axes
parallel to the required one.
M is the mass of the part of the object

h is the distance between the two axes.
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Fig 4.10 Swell keys partially removed in order to gain access to Great tracker connections,

Radley College, Oxfordshire. Variations in the cross section of the key lever along its length

are apparent.

Because of their relatively large cross sectiomioimise bending, key levers have a
relatively high mass per unit length and long keyers should be avoided where
total inertia is critical. In particular, the use“mng” key levers in suspended actions
should be carefully considered: the effect of vagythe cross section is discussed

below.

The effective mass is only approximately one thofdthe actual mass for objects
rotating about their end or their centre (in whidse, assuming the same overall
length, the lower moment of inertia is balancedh®y additional distance travelled —

the key lever rotates through double the angle).
If the key lever is balanced at a point two thiadsts length from the key head (Fig

4.12) then, if the total length isthe total moment of inertia is equal to the moments

of inertia of the two parts of the lever on eitkate of the pivot.
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- m(l_jz +1@(§f @7)
333 3313

this simplifies to:

| = % (28)
If this is equated to the kinetic energy at a dis&azs—l from the pivot, then
1ximl?a? =1im,(21%)e? (29)
This simplifies to:
m, =3m, (30)

That is, the effective inertia at the end of theeleis one quarter the mass of the

actual lever. The movement of the far end of tlverés half that of the key head.

This is the minimum value for the effective massagzoportion of the actual mass

and the relationships are shown in Fig 4.11.

77



Chapter 4 Mechanical Characteristics of Organgkc€omponents

Graph to show how equivalent dynamic mass (EDM) varies with pivot
position
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Fig 4.11 Graph showing how Equivalent Dynamic Mass varies with the position of the pivot

point on a rod.

Fig 4.12 illustrates a rod pivoted such that oneltbf its length is behind the pivot.
The point at which the force is applied will aceate at four times the rate that a

point mass equal to that of the rod would understee force.

Force

pivot

x/2 X

Fig 4.12 Diagram to illustrate the effect shown in Fig 4.11. The point of application of the
force will accelerate at four times the rate that a point mass equal to the mass of the rod

would.

The masses of components can be reduced by redti@ngmount of material in
them as shown in examples of pallets by two orgahllérs. Fig 4.13a shows pallets
by Peter Collins with routed slots and Fig 4.13bveh tapered pallets by Bishop &

Son.
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Fig 4.13a Pallets by P D Collins with routed slots in order to reduce inertia. The top pallet

has its pull-down further towards the hinge (right) in order to allow for the gearing of a

suspended action.

Fig 4.13b Pallets by Bishop and Son, tapering in order to reduce inertia. They are hinged at
the thicker end.
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4.6.2 Bending of roller arms, square arms and key levers etc

Fig 4.14 Roller arms New College Oxford. The tracker ends are plastic.

The deflection at the position of load of a simipéam is given by:

WP
3EJ

(31)

where
W is the applied load
| is the length of the beam
Eis Young’'s Modulus

Jis the second moment of area of the section

3

For a rectangular sectioh =
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Where
B is the breadth of the lever
H is the depth of the lever

7T4
For a circular sectiod = v

These formulae relating to simple beams pivotedreg end relate to components

such as roller arms and square arms.

[t

L]
)

L

=
-

Fig 4.15 Metal Squares, Radley College
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Fig 4.16 Wooden squares with phenolic bushings in the model organ, University of
Edinburgh.

Key levers, whether suspended or balanced, areosigppat the back and part way
along, with a force applied at the key head. A suslgd key lever with the tracker
attached half way along will bend exactly the saameount as the same lever

balanced in the middle and pivoted at the back.

For a suspended key lever, the deflection at theoéthe key head is given y

we
d="g;(c+) (32)

where
W s the load at the end of the key lever
E is the Modulus of Elasticity

Jis the Second Moment of Area

1% www.Engineersedge.com
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c is the distance from the key end to the tracker

| is the distance from the tracker to the pivot

The actual movement of the key takes the form showhig 4.17. It should be

noted that the key arcs upwards from the trackénegivot.

_—tracker

W
d| |
B pivot_ "

Fig 4.17 Diagram showing how a key lever bends. The rest position of the lever is outlined in
black. When a force W is applied to the key end the key lever bends in the form shown by
the green outline until the tracker starts moving. | is the distance from the pivot to the tracker,
c is the distance from the tracker to the key head, d is the distance by which the key head
deflects.

3
Assuming that the key lever is a uniform oblongssreectionJ =

WhereB is the width
H is the height

For wood,E is approximately 10 GN/mz2.

Assuming a key lever of uniform cross section 1vaiake by 2 cm high and 1 m long
with the tracker attached 0.4 m from the key headB = 0.01 m,H = 0.02 m,
c=0.4mand = 0.6 m, if a forcaV equal to a weight of 200 g applied at the end of
the key is necessary to start the tracker movimg key head will move by a distance

d = 1.57 mm due to the key lever bending befordrteker starts moving.
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4.7 Rollers

4.7.1 Introduction

In a large mechanical action pipe organ, the adiiom the key to the pallet under
the pipes can be long and complicated. The windskaas invariably wider than the
keyboard and the pipes are rarely arranged chroaiigti The movement of the key

has, therefore, to be transmitted sideways.

This is traditionally achieved using a roller. Tigsa rod or tube, most commonly of
steel, aluminium or wood, pivoted about its axisl avith an arm at both ends to
which the rest of the action is attached. Wooddleno are frequently of oblong

cross section with the long sides curved. Thisuigpssedly to allow for clearance
between adjacent rollers because wooden rollerefageeater cross-sectional area.
All three materials are in current use and ava@dbbm the main organ component

suppliers in various cross sections.

Fig 4.18 Roller board with aluminium rollers, New College Oxford
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Audsley states, “in old work (rollers) were invdilia made of wood; but in modern
organ building they are usually made of irdh'He states the advantages as being
“they occupy much less space, they do not warpvast,tthey have no tendency to
spring in action, they are not affected by dampmught, and they have a much
neater appearance”. He expresses the view thatirdalum arms would be much
better than iron ones, but does not consider whetheninium would be a better
material for the rollers themselves. There arealoutations or specific justifications
for these statements.

Fig 4.19 Wooden rollers and arms. Bridgewater Hall, Manchester

YAudsley 1905] page 178
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The three primary factors in choosing a materiakédlers are:

EDM

Resistance to twisting under load. Any twistingtloé roller will result in the action
feeling “spongy” i.e. the key will move without thgallet moving. When the stored
energy is finally released when the force on théepé sufficient to overcome the
pluck, the pallet will spring open in order to datg with the key.

Friction — this is discussed briefly in section 4.8

4.7.2 EDM (Inertia) of rollers

The EDM of a roller can be calculated by equatisgrotational inertia with that of
the equivalent mass at the end of the roller arntherbasis that the energy put into
the two systems is the same.

The kinetic energy of rotation of a tubular objisctjiven by:

KE =110/ (33)

Where | is the moment of inertia of the roller

o is the angular velocity

The kinetic energy of a mass moving in a straigid is given by:

KE =<im,v? (34)

Where m is the mass of the object

Vv is its velocity
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Equating the two:

zlw” =5my (35)

| =4m (2 +r7) (36)
Wherem, is the mass of the roller

r,is the outside radius of the tube

I, is the inside radius of the tube

In the case of a solid roth becomes zero.

Equation (35) can be rewritten:

18 m(7 1l Jo? =4 my? (37)
At a distance, x, from the axis

V = Xw (38)
and equation (37) becomes:

3G m(17 17 ) =4m, () (39)

In order to calculate mequation (39) can be simplified and rearranged:

m, (i +17) (40)
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x is the length from the centre of the roller to fhasition on the arm where it is

attached to the tracker.

In order to calculate typical values, it is necegga calculate the mass of various

configurations of rollers.
The densities of the three common materials are:
Steel 9.0 g/lcm?
Aluminium 2.7 g/cm3
Oak ~0.7 g/cm?3
A circular tube will have a mass of:
my = z(r,2-r2)ld
where r; is the outer radius of the rod
r, is the inner radius of the tube
| is the length of the rod
d is the density of the rod
For a solid rodr; is zero
Therefore for an aluminium rod 10 mm diameter and metre long:
m, = 7% (0.008?)x1x (2.7 x10°)

=0.212 kg

=212g¢g
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Assuming that the roller arms have a typical lengttb cm & in equation (19),

Mechanical Characteristics of Organgkc€omponents

substituting in equation (19)

_ 05x0.212x 0.005°

2

0.05?

= 0.00106 kg

=1.06¢9

This is for a one-metre length, and can be muéigpby the actual length to give the

inertia for a particular roller.

The results for other diameters and materialsaelated below, in Table 4.1.

Mass and EDM per metrefor variousforms of roller

Material

Cross section Mass EDM

mmg (out X in) g g
Aluminium rod 10 212 1.06
Aluminium tube 10x6 138 0.923
Aluminium tube 8x6 59.4 0.297
Steel rod 8 396 1.27
Steel rod 7.4 338 0.948
Steel tube 8x6 174 0.866
Wood 20 220 4.40
Wood 24 322 9.35

Table 4.1 Mass and EDM for various configuratiohsotler

A wooden roller of 20 mm diameter has approximatdlg same mass as an
aluminium rod of 10 mm diameter but its inertidasr times as great because there
is more mass further from the axis. Similarly, thertia of a 10x6 aluminium tube is

87% of that of a solid 10 mm rod, but the masseduced to 65%. Because the

inertia is a function of the square of the distafmoen the axis, denser materials have

a lower rotational inertia for a given mass.
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4.7.3 Twisting

The second important factor is the amount by whiglers twist when a force is

applied to one end by the tracker attached to ¢ye khere will be a resistance at the
other end due, amongst other things, to the pltlok ijet force on the pallet due to
the higher pressure air inside the windchest, whithuces when the pallet starts to

open and the pressures start to equalise) anadibe éxerted by the pallet spring.

The angle of twist is given by:

g=—— (41)

where 0 is the angle of twist
1 is the applied torque
L is the length of the roller
J is the second moment of area of the roller

G is the rigidity or shear modulus of the material
Assume that the pluck is 120 g (quite high, butcheice of material only becomes
critical when approaching the limit), the palletieg exerts a force of 80 g and that
the roller arms are 5 cm long. The torque beindieggo the roller at the point at
which pluck is overcome is:

7 = 02x981x 005 (42)

=0.0982 Nm

The polar second moment of area of a tube aboakissis given by:
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J=1nr! -r}) (43)

where r is the outside radius

I, is the inside radius

The modulus of rigidities, of the various materials are:

Steel 80 GPa
Aluminium 25 GPa
Oak 0.7 GPa

For the same solid aluminium rod 10 mm diameter @mel metre long, substituting
in equation (21):

_ 0.0982x1
25x10° x 0.572 x 0.005*

= 400x10° radians

At the end of a 5 cm long roller arm this is eqleve to a movement of 0.20 mm
before the pallet starts opening. Again, a two enétng roller would introduce a

movement of 0.40 mm, a five metre roller would twliD0 mm, etc.

Table 4.2 tabulates the movement at the end ofcen Soller arm with the inertia
figures from Table 4.1 and also adds some extréigumations that have the same
degree of twist as a solid 10 mm diameter aluminioch All tubes are assumed to
have a bore of 6 mm, as this is a commercial standa greater bore would be
advantageous so long as the material does notrdeffine inertia is multiplied by
the twist in the last column and it should be nowel that the degree of twist is

directly inversely proportional to the inertia. dther words for a given material, any

91



Chapter 4 Mechanical Characteristics of Organdkc€omponents

configuration of tube exhibiting a particular degref rigidity will also exhibit the
same inertia. The actual mass of the roller witi\significantly.

It should also be noted that the most efficientarat, based solely on these criteria
and by a small margin, is steel tube.

Mass, EDM and twist per metrefor variousforms of roller

Material Cross Mass EDM Twist Inertia X

section (50mm arm)| twist

mmg g g mm g.mm
Al rod 10 212 1.06 0.200 0.212
Al tube 10x6 138 0.923 0.230 0.212
Al tube 8x6 59.4 0.297 0.713 0.212
Al tube 10.3095x6 149 1.06 0.200 0.212
Steel rod 8 396 1.27 0.151 0.193
Steel rod 7.48 338 0.965 0.200 0.193
Steel tube 8x6 174 0.866 0.223 0.193
Steel tube 8.15x6 188 0.965 0.200 0.193
Wood 20 220 4.40 0.447 1.962
Wood 24.44 328 9.81 0.200 1.962

Table 4.2 Comparison of mass, EDM and twist per unit length for various configurations of

roller.

The various configurations with the same rigidisyl® mm diameter aluminium rod
are summarised in Table 4.3.

Mass, EDM per metrefor variousforms of roller for constant twist

Material Cross Mass EDM Twist EDM x
section (50mm arm) | twist
mmg g g mm g.mm
Al rod 10 212 1.06 0.200 0.212
Al tube 10.3095x6 | 149 1.06 0.200 0.212
Steel rod 7.48 338 0.965 0.200 0.193
Steel tube 8.15x6 188 0.965 0.200 0.193
Wood 24.44 328 9.81 0.200 1.962

Table 4.3 Configurations of roller exhibiting the same degree of twisting under the same

load.
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From this it can be seen that wood has little tmnemend it. It has roughly the same
mass as a steel rod and, assuming the same beatlingave the same friction, but
has ten times the inertia and three and a quamestthe diameter. A steel tube of
the same rigidity has one third of the diameter lazsl 0.57 of the mass of wood and
will thus have 0.57 of the friction. Don Bedddlustrates wooden roller boards with
alternate roller arms of different lengths so tihat rollers can overlap because of the

space that they occupy.

The twisting of rollers is further complicated lifety sag in the middle due to gravity.
Long rollers are either supported in the middlesplit into two separate sections
otherwise they twist more than unsupported ones. Maukhuff® catalogue states
that tubular aluminium rollers of 10 mm outside &hdim inside diameter should

not exceed 110 cm unsupported.

4.8 Friction

The remaining critical factor in all componentshe effect of friction on the bearing

surfaces.

Static friction is the resistance to starting ageobsliding over another object and
kinetic friction is the resistance to it continuingving once it has started. The latter

is always less than the former.

Bushed bearings will be considered later becaus#é #ffects are difficult to

calculate.

Assuming that the roller bearing is a smooth pimiag in a smooth hole larger than

the pin, the static friction measured at the begisnequal to the weight of the roller

2IDon Bedos 1766]
13 [Laukhuff 2000]

93



Chapter 4 Mechanical Characteristics of Organgkc€omponents

multiplied by the static coefficient of friction.hE frictional force is independent of
the area of the bearing surface (another impoftator to bear in mind). Since the
roller and arm are a simple lever, the force aplpte the end of the roller arm in
order to overcome static friction is inversely podjonal to the distance from the
axis of the end of the roller arm to the distanoenf the axis of the bearing surface

since the torques (force times distance) must baleand opposite.

Two sample commercial bearing pins are 1.65 mm &f® mm in diameter
(0.825 mm and 1.50 mm radius respectively). Assgmaib cm roller arm, the force
required to overcome friction is reduced by a fac®60.6 (50/0.825) in the first
case and a factor of 33.3 (50/1.50) in the sec®hd. larger diameter pin increases
friction in the action due to the roller bearingg 15% (but reduces the risk of

damage due to the fragility of the pin).

The material that the pins rotate in is criticalth® amount of friction, and varies
greatly. The coefficient of static friction betwesteel and steel is around 0.74,
reducing to around 0.2 if lubricated. Between staetl Teflon it is 0.04. Ball
bearings have a coefficient of rolling friction afound 0.002 because the metal
surfaces do not slide against each other (thishig railways are so efficient). The
coefficient of kinetic friction of steel on ste@duces to around 0.57. There will thus
be a greater force required to start the rollemity than to keep it moving (by about
30%) which will be in addition to the pluck caudeyl the pallet opening (but may
not occur simultaneously with it). The kinetic tian will provide a constant
opposition to the movement of the key. When the lseyeleased, the frictional
forces will work in the opposite direction and thatl oppose the motion. This is
why the pressure on the key has to be reducedfisgmily before the key will start

moving upwards.

Assuming that phenolic bushings have a similar foaeht of friction to Teflon
[Willcock and Booser 1957], then the additionatfion due to the extra mass of
steel tube rollers over aluminium ones is arouri2®.gram against a reduction in

inertia of 0.095 gram — a net advantage of abd@x §ram for a one metre length.
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The friction due to cloth bushings is very diffittd calculate because of the fibrous
nature of the material and because, in the caseafcular bush, the fibres apply a
force to the pin. Empirical tests on cloth bushimiggest that the friction is
relatively high. Some new cloth bushed squares mal move under their own
weight. It is not clear what effect on friction atmbseness will occur over time.

Further work remains to be done on friction.

A simple test using two squares, identical apamfione having a cloth bushing and
one having a phenolic bushing (Fig 4.20), showeat the end of one of the
horizontal arms of a phenolic bushed square exertstatic weight of 1.2 g and the
additional force required to start it moving veallg was unmeasurable (i.e. less than
0.1 g) whereas the cloth bushed one exerted nio statght and required a force of
3.0 g to start it moving vertically. The differenoé 1.8 g is due to friction and is
directly translated into action “weight”. A metajusare with needle bearings (Fig
4.22) exerted a static force of 0.6 g and requarddrce of 1.3 g to start it moving.
This is significant particularly when several sublearings are present. This
experiment did not allow a differentiation betwestatic and dynamic friction. The
cloth bushing is likely to compress over time amastreduce friction but this may be
at the expense of allowing excess slackness. Anframm a wooden square is shown
resting on a digital balance in Fig 4.23. The squamoved downwards in order to
measure the additional force required to overcamédn.

o—/v__h_'__/*’

_—_,

=

Fig 4.20 Wooden squares. The one on the left has a cloth bushing and the one on the right a

phenolic bushing.
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Fig 4.21 Close up of the cloth bushed pivot of the wooden square shown in Fig 4.20

Fig 4.22 Aluminium square (Laukhuff) with needle bearing.
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Fig 4.23 Measuring the force required to start a square arm moving.

The lowest friction would be obtained by using dadlarings but they require very
precise alignment. The small angle through whidlers and squares move might

allow a more innovative form of pivot with surfagest moving against each other.

4.9 Movements not accounted for elsewhere

It has so far been assumed that the motion of éracknd other similar components
move in a straight line. Fig 4.24 shows the movetneéa square, the black outline is
the rest position and the blue outline is the jpmsithat gives a tracker attached to it
a vertical displacement of 10 mm. It can be seen the tracker will also moves
sideways by approximately 0.6 mm. This adds 6%é&HEDM of the tracker, which
is unlikely to be significant but should not bedotten. In practise, as shown in
Fig 2.7, the horizontal movement is minimised byitafle geometry of the

components.
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Fig 4.24 Diagram of the movement of a square showing that there is also a sideways

movement of the attached tracker

Pallet pull down seals (Fig 6.1.10, the brass dgmat the base of the tracker inside
the pallet box) move sideways if the tracker attacto the pallet moves sideways as
the pallet hinges downward. A tracker attached(from the hinge of a pallet will

move 0.25 mm sideways if the pallet drops is 1 Gime cloth-bushed brass seals
used in the model organ have a mass of 8.5 g athe ikey drop is also 1 cm, their
movement will therefore contribute an EDM of abOu21 g to the action, although

this movement, as in the model organ describedhap@&r 6, may be absorbed by

flexibility in the linkages.
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Chapter 5

Experimental Apparatus

5.1 Introduction

As a project of this sort had not been undertalegorb, it was necessary to develop
a reliable, accurate and portable means of acgudata from actual organs on site.
Much of the development work was done on the laboyamodel described in

Chapter 6, but experience of taking measuremeritseiconfines of cramped organs

led to considerable refinement.
5.2 Choice of distance sensor

In order to measure the movement of the variouspoorants, it was necessary to

find measuring devices with the following chararstiges:
« Small enough to be positioned over keyboards anthinwipallet boxes

without impeding the movement of the player, thevement of the

component being measured or other components.
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No risk of damage to the organ.

An operating range of not less than 10mm, as thés whe maximum
movement expected to be encountered. Since measutemwere generally
taken from key levers and pallets, it was usualhgsible to position the

sensor so that it operated within this range.

Response time of around 0.001 second. The timexeéltof a key and pallet
post-pluck was around 20 to 30 ms and this resptmsewas necessary in

order to provide a reasonable resolution of theseements.

Repeatable response. It would not be practicablibrate the sensors on-site
and it was essential that measurements could bepamth without

adjustment.

No hysteresis. Measurements of the return of thg &ed pallet were

required.

Linear output. Because of the large quantity ofaidadllected it would have
been impractical to correct all the data points &vdas therefore necessary
that the output be sufficiently close to linear otlee range being used as to
provide an acceptable degree of accuracy withotrection. It also meant
that distance sensors merely had to be operatitigniheir range and did
not have to be positioned with great accuracy whiadbuld have been

difficult inside some of the spaces available.
Output independent of supply voltage. Whilst actaigower supplies were

built for all the measuring devices, for maximuntiaigility devices tolerant

of a range of voltages were to be preferred.
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* Not affected by reflectivity of surface being measl The components
encountered would be made out of a variety of nagein various conditions
and not necessarily smooth. Attaching reflectivipstto keys was not a great
problem but it would have been difficult and urable to do so to the bottom

of pallets.

« Simple interface using existing data acquisitiorrdiasare and minimal
additional electronics in order to reduce cost takd advantage of existing
knowledge.

e Cheap. The devices themselves must be cheap abutlget for further

purchase was small.

5.3 Options available for distance sensors

The technologies that appeared to be availabldigteince sensors were:

Ultrasonic
Mechanical
LED based

Laser

Ultrasonic sensors, similar to the devices thateyors use to measure room sizes,

were large and had poor response times and paduties..
Mechanical devices, which typically involved an ending wire wrapped round a
drum, were large and had poor repetition ratesy Tauld have been very difficult

to install and would have needed rigid attachmeihé object being measured.

At the time of starting the project there were aselr sensors that had the required

range and were sufficiently small. They were, ig aase, expensive.
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5.3.1 LED/Phototransistor sensors

The first devices looked at were some LED/photdistor sensors that had already
been used in the Department by Dr Maarten van Wal3tis is the OPB704, which
is an industry standard sensor primarily intendedra optical switch rather than for
distance measurement, however, its output doesoxaay a limited range. A review
of devices available on the market did not suggest there was anything more
suitable. It comprises an infrared LED and a phatwtistor matched in spectral
sensitivity and mounted at an angle to each other plastic housing such that their
axes meet 5 mm in front of the face of the cass.illustrated in Fig 5.1 and the data
sheet is reproduced in Appendix 6. Initial testsvedd that its output was repeatable
and that its response time was well within the eangquired. The OPB704 only
required two resistors to give a voltage outpuhtdata acquisition (daq) box. Their
useful operating distance was however too narrompptoximately 4 to 8 mm. They
cost about £7 each and so some could be sacrificettler to see if their operating
range could be varied.

The obvious way to increase the useful operatingeavas by using a lens over the
face of the sensor. Tests with a circular glass Erowed that a lens of +2 dioptres
would extend the operating range to that requifedearch for a readily available
lens of the required focal length and size resuitetésts with viewfinder elements
from disposable cameras. Some of these were vesg ¢b the size of the end of the
sensor and of a suitable focal length. Howevets tesowed that they were opaque to

infrared light and therefore of no use. No othetadile options were found.

Disassembling an OPB704 showed that it containdd@ete LED and photodiode
mounted in such a way that indicated that it mightpossible to decrease the angle
between them and thus increase the focus distamtehas the useful operating
range.
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Fig 5.1 OPB704 LED distance sensor with its cover removed.

After some trials, it was found that carefully éuit down the centre of the device
from the mounting end to the operating end withaadbsaw, stopping just short of
the face, meant that the back part could be sqdeernether and stuck with epoxy
resin whilst maintaining the light baffle betwedretLED and phototransistor. An
example of the various stages is shown in Fig bizs method was, however, not
very precise and no two resulting devices had é&xattie same response
characteristics. There was no practical way of mgkhem exactly the same and so
individual calibration curves were made for eachicks using a digital calliper and

bench digital voltmeter.
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Fig 5.2 The three stages in extending the operating range of an OPB704

The device was very sensitive to the reflectivereédbe surface being measured and
a range of commercially available reflective suefaevas investigated. These tended
to be either too directional to align accuratelynot reflective enough to operate
within the required range. Reflective tape sold d&taching to cars and bicycles
showed the most promise, but reflections from thmah surface swamped the
phototransistor. After some experimentation it feashd that sticking a layer of matt
“magic” tape on the surface did not significantgduce the effect of the reflective

beads but eliminated the surface reflections. Testswed that the resulting
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reflective strip was consistent across severalhest@nd was therefore adopted as
the standard reflective surface. For use on adhsduments, this combination was
further stuck to low tack masking tape in orderetwsure that it could be removed
easily without any risk of leaving a mark on any tbe surfaces likely to be
encountered. There also had to be no risk of thecteve strips doing any damage if
they did fall between the keys.

The electronics simply comprised two variable fessfor each sensor and a box
containing eight channels was assembled. Two-ch&Bem jack connectors were
adopted as the standard means of connecting tiserseto the box because of cost
considerations and the ease with which they coal@Xiended. Two core screened
audio cable was used for the connection (RS Commgeneef 337-224). RCA
connectors were used to connect with the data sitigni (Daq) box using ready-
made audio cables because they were cheap anddveaikisfactorily. RCA to BNC

adapters were used on the Daq box.

The operating voltage range is quoted as 4.5 t@ 46d 10 volts was adopted as the
standard in order that the output remained witha 10 V maximum input capacity
of the Wavebook. The output is voltage dependedtiaitially the voltage source
was supplied by a bench power supply (HQ Power B®3B) that had been
calibrated against a digital multimeter (Racal D&@®8). The bench supply was
consistently accurate to within the final digit @5 display (0.01 V). This
arrangement was used for the first few site visitsthe power supply was too bulky
for easy transportation and a stabilised power Igyupps constructed to convert the
output of a standard plug top unstabilised 18 ymmtver supply into stabilised
outputs of 5, 10 and 15 volts to suit the varioevices being used. This used
standard LM317T voltage stabiliser ICs in the basiofiguration shown in the data
sheet. Resistors with 0.1% tolerance were usedsare accuracy and stability. The
output from this became unacceptably noisy whengufie LED sensors later in the

project and the bench power supply was reverted to.
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One problem found with these sensors is that thieysasceptible to interference

from mains lights and other, not always obviougjrees. Although a problem in

dark buildings, it was necessary to switch off @fjacent mains lights if at all
possible.

The calibration curve of a typical sensor is shawhig 5.3.

LED Sensor 7
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Fig 5.3 Calibration curve for a typical OPB 704 LED distance sensor.

A typical key head movement is 8 — 9 mm and witlh $ensor mounted towards the
back of the key head with a movement of around 6 timenoutput is sufficiently
close to a straight line to produce acceptable erative distance measurements

without any correction. Making such corrections Wounave been impractical
because of the number of data points collected.

Fig 5.4 shows the part of the curve covering aadist of 8 to 18 mm and the
majority of measurements were kept within this eang
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Fig 5.4 Calibration curve of an OPB 704 distance sensor over the range 8 to 18 mm.

The error over a measuring range of 6 mm is appratély +0.05 mm

5.3.2 Mounting of sensors

At an early stage it was decided that Meccano wieldised to mount the sensors
because of the wide range of sections readily alvigland its reasonable degree of
rigidity. Various configurations were tried. Iniiaattempts were made to make the
sensors fully adjustable so that they could beviddally adjusted so that their
output fell in the most linear part of their rang&ter considering a number of
different mountings, including gimbals, one attemgping universal joints fabricated
from model car suspension components and modifiegtdsino strips showed

promise and is illustrated in Fig 5.5.
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Fig 5.5 Early attempt at making adjustable mounting of sensor using ball joint from a model
car suspension and a modified Meccano strip.

They were, however, too bulky to position over adjg keys and impeded the
player too much. They were also too difficult ta 8p on site because of flexibility
in the long strip over the keys and movement dubeqlayer knocking them whilst
playing. It was, therefore, decided that it wasfgnable to accept the higher error
due to the different characteristics of the sensor®ng as they were operating close
to their most linear range, and to use a much smput more rigid mounting.
Height adjustment was made by one of two meansniiapg on the space available
on site. Simple mountings utilising the elongateoleb in standard Meccano
components were used space as was at a premiuontherf set of mountings was
also used where space was available and thesdé@n sn Fig 5.6. Nylon bushed
nuts were used so that the legs could be adjustadwt tools but would also remain

in place when set.
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Fig 5.6 Pantograph adjustment for sensor mounting strip.

The first modified sensors were bolted to their migs through what remained of

the original mounting slot. This may have chandesldngle between the LED and

phototransistor and, in any case, after a whileathele assembly had a tendency to
disintegrate. In the final version, a flat facetloé plastic housing was epoxied to the
metal strip as can be seen in several of the ifitishs. This had the advantages of
simplicity and rigidity.

Initially the sensor assemblies were simply bolteda long strip in the correct
positions for a particular set of keys on one keyHdo It quickly became apparent
that it would be necessary at least to be abldide she sensors along the strip to
align them with any (natural) keys on any keyboartie final arrangement is
illustrated in Fig 5.7 and has proved to minimibat(not eliminate) the risk of the
player knocking them during playing whilst beingleaio accommodate most

keyboards. Some organ builders such as Willis naageint of building ornate key
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cheeks that make mounting the sensor frame diffiddlusic desks frequently
overhang the top manual making measurement on thueseuals difficult or
impossible. A typical installation is shown in Fag7 with the sensor array over the
Great keys of the 1857 J W Walker at St Mary’s Chudpswich. This particular
installation allows some access to the acciden®agicularly where the key cheeks
of a higher manual protrude to a greater exteststimsors have to be placed further
forwards and thus impede the player to a greatienexAttempts to make the sensor
mountings completely rigid where also negated leyfléxibility of some keyboards

— adjacent keys visibly moved when keys were depiks

Fig 5.7 LED sensors positioned over the Great manual at St Margaret's Church, Ipswich.

Reflective strips are attached to the keys in order to give a consistent output.

The LED sensors were only used inside the expetmhemindchest for early
measurements. At that time they were mounted emple bracket purpose made for

the distance involved.
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5.3.3 Laser sensors

Although laser sensors were available from the stfathe project, they were either
too big or did not have a suitable operating rangeeir price of several hundred
pounds meant that, unless they met the requiremelatsely, there was no

justification for seeking funds to buy them.

During the course of the project a new range ogsenwas introduced by Baumer
Electric AG. One of these, the OADM 1216430/S35Ast tine requirements closely
and the University purchased two of these deviges af which is illustrated in
Fig 5.8.

Fig 5.8 OADM 1216430/S35A laser distance sensor by Baumer Electric AG.

The essential characteristics of this device ar@nge of 10 mm between limits of
16 mm and 26 mm, linear output, relatively smatlesand straightforward power
requirement (voltage independent) and signal cdiorec The output is 4mA to
20mA, which needed to be converted to the voltageti of the lotech Wavebook.
The author is grateful to the electronics techmgitor their advice on modifying the
standard published op amp circuits to suit. Theudiris shown in Fig 5.9. Resistors

with 0.1% tolerance were used and a value of4gave a nominal output of 1.608V
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to 8.040V , comfortably within the 0-10V range b&tWavebook and also allowing

some positioning tolerance on most keys and pallets

40202 0.1%

4020 0.1%
VAVAYA

"‘/

W\

P +12V

4

104 LG 24

Vu ut

Fig 5.9 Circuit diagram of the current to voltage converter used to condition the output of the

The actual calibration curves are shown in Fig 5.10

laser sensor.
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Fig 5.10 Calibration curves of the two laser sensors.
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The operating voltage was set at 15V because tasstihe maximum voltage of the
pressure sensor used at the same time and thudedvtiie need for two power

supplies.

The operating range of 16 mm to 26 mm is closééominimum range that can be
used since a key head will typically move throuplowt 8 mm and a pallet end by
slightly less. Since the sensor was mounted atbiéhek of the key head, the
movement was less and the sensor could generaltydomited in such as way as to
remain in range at all times. Only one organ ingestd, Epping Upland, presented
a problem because the key dip at the front of e Was around 13mm. Careful
choice of keys and positioning the sensors as &k las possible meant that the

sensors could be kept in range except during keyndm

The minimum distance from the element being measpreved not to be a great
problem — it did prevent measurement on some upp@Etuals with overhanging
music desks. The main problem encountered wasitilass the overrun of the pallet
was checked, the pallet could easily go out of eafidpis was not a problem from the
point of view of measuring the critical movementtloé pallet but in some cases the
overrun could be of sufficient magnitude as tatlnt sensor and thus dislodge it with
the risk that it might then cause damage. This iespan overrun of over 16mm
against a working movement of typically around 8niiis is a serious defect from
an organ-building point of view because it incresagte risk of connections coming
apart, and the time taken for the pallet to retarits design open position means that
repetition of notes may be affected. The model ordal not at first incorporate
pallet stops (on the grounds of simplicity) butythed to be installed subsequently
because of the pallets in the flexible action rittiny the sensors.

For the first tests the cables supplied with thesees were used but these were too
stiff to be safely used within the windchest. Tkhasors tended to move and it could
be very difficult to prevent pallet springs fromntacting and thus moving the cable.
The cables were in any case too thick to route dotlne edge of the front board

without extensive air leaks although this was neproblem due to the sound of the
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air leaking than one of losing air pressure. Bylaeipg the cables with individual
thin wires, both of these problems were solved taedfront boards could generally
be screwed back in place without significant legkesmanent deformation to the
seals or risk of movement. Simple twisted connestiwere used on the extension
cables to the Daqg box. This was partly for simpfi@f connection on site and also
so that the connections came apart readily if #idecbecame snagged in any way so
that the risk of damage due to pulling on the calde minimised — working so close
to delicate mechanisms in such confined spacesan@amstant concern. Although
every effort was made to route cables to prevenajpening, even a relatively thin

cable could do serious damage to a small pipeliégaght.

5.4 Software

The software used for the manipulation of data were

WaveView 7.14.16 (lotech Inc), the most recent ioersf this software, was
used to record the data from the lotech Wavebobk. data was collected in
ASCI| and Wav formats.

Microsoft Excel 2000 was used to process the ASi@th and to produce all
of the graphs. Its simplicity of use compensatedafoy shortcomings in the

presentation of the graphs.

Cool Edit Pro 1.2a (Syntrillium Software Corpoaatj was used to process
the Wav files.

Sigview32 1.9.1.0 was used to produce the 3D splemtalysis visualisations

from the Wawv files.
The two programs used to process the sound regwxdige fast fourier transforms

(ffts). Ffts have some limitations and there isopenpromise between time resolution

and frequency resolution. Ffts are calculated avearser-defined number of data
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points. The frequency resolution equals the samgiedivided by the fft points. The
time to fill the time buffer equals the fft pointivided by the sample rate. At
relatively low sample rates as used here this a@imoduce significant distortion

particularly as the buffer initially fills up. At sample rate of 10 kHz, an fft over 512
points will be averaging over just under 1/20 sekcahich is the order of time that is
being studied. The maximum frequency recordednisgny case, equal to half the

sample rate.
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Chapter 6

Model organ

6.1 Building of model organ

6.1.1 Introduction

In order to carry out controlled experiments andrtake further investigation of
phenomena encountered on site, a model organ wiltsirbwa laboratory at the

University of Edinburgh. A general view is shownFig 6.1.
6.1.2 Design concept

The intention was that it would allow for the mdae of as wide a variety of
conditions as possible with the attendant risk thabuld model none of them well.
It is a bar and slider chest comprising twelve gesoand five sliders. The pallet
openings are individually variable by replacingiumdual boards, as are the boards

with the pallet pull down openings.
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Fig 6.1 The model organ built in the laboratory

The building frame was made from some of the sselports from a redundant
wave tank that fortuitously became available. Thigjidity and size were entirely
suitable for the new purpose and the dimensionthefvind chest were determined
by the size of the frame. The height of the mountor the windchest was increased
using u-channel steel with angle steel used to ttestwindchest itself on. This

allowed a working space of 77.5 cm between the key and the bottom of the
windchest.

18 mm thick MDF (medium density fibreboard) was s#o as the basic material for
construction because it is cheap, relatively easwark, is sufficiently strong and
stable for the size involved and its susceptibiiitywvater damage was not a problem
in the laboratory. The front of the chest was miadiem 8 mm thick polystyrene sheet

118



Chapter 6 Model organ

to allow visual observation of the pallet movemeiitas proved to be extremely
durable and static (and therefore dust) free. Thetfis sealed by strips of dense
rubber foam stuck round the edge. This has prowsy gffective but may not be
sufficiently durable for a real instrument. Therfras attached to the chest using

wing nuts and is shown in Fig 6.2

Fig 6.2 Method of mounting front of windchest to model organ

Commercially available slider sehiwere used. These comprise two parts and are
glued around the fixed holes in the boards on eglde of the slide. The bottom part

comprises an airtight foam ring and a layer of faation material and the upper part

! [Lauhuff 2000]
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comprises just a ring of low friction material. F6g3 shows the seals in place with
the top board removed and inverted to show thess@dle sliders themselves were
made from 6mm MDF, which has the advantage of ltpgismooth surface to bear

against the slider seals.

Fig 6.3 The top of the windchest from the model organ under construction showing the slider

seals

There is always some air leakage past pallets hisdwas traditionally led away

from the pipe holes by gouging diagonal channeklhénsliders and bottom board. It
was frequently still necessary to provide bleedefdh the groove to prevent the
pipes from murmuring when a stop was drawn butete sounding. Laukhuffgive

a choice of two different types of bleed arrangeimmenheir commercially available

windchests. It is probable that bleed holes havenbesed in order to avoid

addressing the underlying problem on many occasibine bleed holes in the Great

2 [Laukhuff 2000]
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chest at New College, Oxford are shown in Fig Blaey are drilled into the bottom
of the grooves, which extend in front of the winést) the removable fronts of which

can be seen at the bottom of the picture.

Fig 6.4 Bleedholes in the bottom of the windchest, New College, Oxford

Since the aim is simply to prevent audible murmitiis, probable that the pressure in
the groove is still greater than atmospheric ang there is a constant flow of air to
the pipes when the stop is on. This may affectpiipe speech and may well vary
from pipe to pipe, but has not been investigatenl.bi¢ed holes were incorporated
into the model organ, and it was necessary to laasecond slider (without pipes)
open in order to prevent murmurs. This arrangemers satisfactory since not all
stops had pipes in place. It also allowed the qppe hole to be used for the tubing

to the pressure sensor.

From the outset it was considered essential thaag possible to model the widest

possible range of variables in the windchest. Tintuded different pallet openings
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and pallet sizes. It was arbitrarily decided toyvétre groove width through the
compass with two grooves of each width in a miimoage around the two widest
ones in the centre. These had widths of 12 mm, i 16 mm, 20 mm, 32 mm and

38 mm. The grooves had a constant length of 56rahrhaight of 4 cm.

In order to allow for as much flexibility as podsibit was decided at an early stage
to make the pallet openings on individually repkdie boards. These were initially
sealed directly against the blocks separating tbewgs, with the edges covered with
thin leather, but these proved to leak too muchahdther 6 mm MDF board with a

routed hole the width of the groove and longer thay expected pallet opening was

firmly glued to the bottom of the groove.

A completed replaceable pallet board assembly @vshin Fig 6.5. For ease of
replacement, spring mounted pallets were used Fég Bhe pallets used are a
selection of commercially availablpallets and ones made by the author to a similar
design. The shape and standard of finish of palties considerably and is unlikely
to be a significant factor. Compare the rough fired simple design of the front of
the pallets in Fig 7.8.5 from St Stephens Centdinlitirgh by Willis in 1880 with
the modern pallets in Fig 4.13a. (Peter Colling) &g 4.13b (Bishop and Son). A
single front guide pin running in a slot in the uilig of the front of the pallet was
arbitrarily selected — Fig 7.8.5 shows guide piitisee side of the pallet. The guide
slot of the commercial pallets is bushed with réathc(organ literature frequently
states the colour of the bushing) and those madeht® model are not. It was
considered satisfactory for the pallet leatherlése directly against the MDF board,
as this is very smooth. In real organs where thietpaould otherwise close against
a planed wooden surface, a facing of a smooth mtey used, for example

buckram.

% Aug. Laukhuff
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¢

P, 1 M
Fig 6.5 Board with pallet opening cut into it Fig 6.6 Detail of pallet hinge. The spring
with a pallet laid alongside. The back of the holds the pallet in place and allows easy
assembly is at the front of the photograph. removal.

The pallet springs are Laukhuff compass springgd Wi cm arms and made out of
1.5 mm diameter wire. The design of compass sprages in detail but, whether
bought in or fabricated (they are readily made digg they do not differ greatly
(Fig 6.8). They are commercially available in aierof sizes and materials and are

adjusted by bending to change the angle betweearths.
Fig 6.7 shows John Bailey of Bishop and Son adjgst spring from the Great

organ at Radley College to a mark made using thaegfrom a carefully regulated

note as a template in order to equalise the spoireg throughout the compass.
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Fig 6.7 A compass spring being adjusted to a mark to indicate the correct tension for the
spring. Radley College, Oxfordshire, Great organ

Because it was expected to have to vary the speingjon relatively frequently, the
tension of the springs in the model organ was nextiernally adjustable by locating
the bottom of the spring in a shallow hole drilledhe end of a screw eye which was
screwed through a hole in the replaceable boatddrbottom of the windchest. The
spring was prevented from rotating by two pieceso€ let into the same board.
This arrangement can be seen in Fig 6.8. A sinalaangement for prevent the
springs from rotating over time is used anywayemfby locating the springs in a slot

in a strip of wood.
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Fig 6.8 A commercially available compass spring (Laukhuff) as used in the model organ. The
arms are 10 cm long and the wire 1.5 mm diameter.

An open pallet showing the pallet opening is shawfig 6.9.

.

R Y T T T ooy

Fig 6.9 An open pallet from the model organ. The pallet is by Laukuff and the guide slot is
bushed with cloth. It is sealed against the pallet opening by a strip of leather over a layer of
felt. The pallet stops on the end of the threaded rods (for ease of adjustment) can be seen.
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Pallet stops were excluded from the initial desfgn simplicity and to allow
maximum visibility of the action. The extreme owerrthat this allowed in the
“flexible action” meant that they subsequently hadbe installed, because the pallets
were hitting the sensors. These were also made @djustable and can be seen in
Fig 6.9.

The pallets were attached to the pallet pull dowitls a simple eye screwed into the
pallet and a loop in the end of the pull down (Bi§). Other methods are used,
including wrapping cloth around the wire in the edoarrangement, and using
leather punchings as can be seen in Fig 6.10, wkiehphotograph of part of the
model provided by A J & L Taylor Ltd.

ol

Fig 6.10 An alternative means of attaching the tracker to the pallet pull down.
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The author has never established the supposed tageaof these methods — any
noise would be inaudible outside the chest and safntigese methods will introduce

flexibility.

There are a number of problems created by the teg@dss the pallet pull down
through the bottom of the windchest. If the pulwtiomoved in a straight line, it
would have to be precisely aligned to pass thraugmall (to prevent excessive air
loss) hole in the bottom of the windchest. This banachieved by attaching a thin
metal strip over a larger hole as illustrated byd#lay (Fig 4.1). However, because
the pull down is attached to the pallet at oneamd| probably, a square or roller arm
at the other, both of which move through arcs, pu#l down actually moves
sideways — although the theoretical movement inrttualel organ appears to be
accommodated by flexibility in the linkages. Tooall for this movement, however,
various methods including leather pouches (pulpetetve been used. Another
common method, and that adopted for the modeg mmadke the hole in the bottom
board considerably oversized and run the pull ddwough a bushed brass (or lead)
cylinder, which slides across the top of the bottooard. These are commercially

availablé and can be seen in Figs 6.3 and 6.7.

Fig 6.11 shows the tracker passing through thebotif the windchest.

* The pull down seals in the model were supplied\kly& L Taylor
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Fig 6.11 The tracker passing through the bottom board of the pallet box
Fig 6.12 shows the tracker coming out of the uneigiim of the Pallet box.

|

Fig 6.12 The tracker emerging from the bottom of the windchest with the mounting for the
pallet stop behind it.
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The pallet openings used are 20 cm by 2 cm, whith & wind pressure of 75
mm wg (7.5 mb) gives a pluck at the front of theemipg of 150 g. It was not felt
necessary to take full advantage of the possaslitffered by the model because of
the quality of the results obtained from real oggan

6.1.3 Rigid action

Two different action runs were incorporated inte thodel — a very rigid one and a

flexible one, each with three notes.

The rigid action is suspended i.e. the 49 cm loeyg Ikver is pivoted at the back and
the key is literally suspended from the trackerjowhis attached 16 cm from the
front. The key is pivoted 1 cm from its back and tiearing at the key lever is thus
0.67:1. The key levers are pine, the natural heagl€overed with rosewood and the

sharps are made of ash (Fig 6.13).

Fig 6.13 The keys of the suspended action.
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The middle key () is attached directly to the pallet by the tracked incorporates

no bushing (apart from in the pull down seals) andfelt washers. The pallets are
leathered but not felted and it is possible thdifferent type of leather would have
provided a better seal. The leather used was ®gplé being suitable for facing
pallets, but David Page of Forth Pipe Orgadisl not consider it so. The smooth
surface of the leather was glued to the pallet &spis normal practice — Fig 6.14.
Note the flattening of the leather where it corgattte bottom board and also the

amount of dirt on the leather after two years afJenited use.

Fig 6.14 Pallet from the rigid action. The leather is flattened where it closes round the pallet

opening.

It is not clear why the leather is glued on the sthaside and opinions differ about
the circumstances in which there might be advastégattaching the leather by its
rough surface — one opinion is that at high press@100 mm wg, 10 mB) the air
leaks through the grain of the leatheThe other two keys required short rollers to
align them with their pallets (Fig 6.15). No pal&bps were incorporated into this

action because the overrun was not excessive.

® private discussion
® private discussion with Dr David Wylde, Henry iéiland Sons
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Fig 6.15 Roller from the rigid action. Phenolic bushings to the pivots and no felt washers.

6.1.4 Flexible action

The flexible action replicates a typical larger amgaction in which there is
significant movement before pluck is overcome. Ma#s achieved by incorporating
one metre of aluminium tube roller, outside diame&emm and inside diameter

6 mm and by using cloth bushes and washers in gwecyion.

The rollers were divided into two in order to fiteim into the building frame. The
greater rigidity of shorter rollers is offset byethompression under load of the extra
felt washers. The general arrangement of the aétoin the back of the keys can be
seen in Fig 6.16. The two sections of each rollerjained by a tracker, which is off
the picture to the right.
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Fig 6.16 The keyboards and rollers of the flexible action from the model organ.

The roller arms are shown in more detail in Figr6.1

Fig 6.17 Metal roller arms from the flexible action.
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Fig 6.18 shows the arrangement of washers on tharesgarms. The squares were
supplied by A J & L Taylor Ltd and have 50 mm arfiBe square arm moves either

side of horizontal in order to minimise sidewaysveroent of the tracker.

Fig 6.18 Wooden square from the flexible action.

The keys of this action are 45.5 cm long pivotedc20from the back and with the
sticker attached 1.5 cm from the back. This givegaring of 0.76:1. The keys are
shown in Fig 6.19.
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Fig 6.19 Balanced keys from the flexible action.

The windchest end of the flexible action is showrrig 6.20.
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Fig 6.20 The windchest end of the flexible action.

Empirical tests show that there is an initial moeetnof approximately 3.5 mm out
of a total key drop of 9 mm. Fig 6.21 shows ondhaf keys on the flexible action
just before going through the pluck point.

135



Chapter 6 Model organ

Fig 6.21 Flexible action key showing the point just before pluck.

6.1.5 Blower and regulator

The blower of the model organ was obtained fromokhpipe organ and has no
markings to indicate its origin. The regulator whsilt for the model and

incorporates an inverted schwimmer pantogfaphapply pressure to the floating
plate. The pressure can be adjusted by varyingtehsion of the springs. The
complete regulator is illustrated in Fig 6.22 ahe pantograph in Fig 6.23.

" Aug Laukhuff
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Fig 6.22 Pressure regulator from model organ. When the plate rises against the spring
tension from the pantograph to a preset level, the valve on the top of the plate is opened by
the end of the threaded rod. The plate rises and falls depending on the wind requirement of

the organ, and the excess is vented through the valve.

Fig 6.23 Pantograph assembly exerting force on regulator plate.
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6.2 Results from Model Organ

The model organ was used to develop the equiprssd for making measurements
on actual organs and for clarifying issues foundmduthese measurements. Since
the objective of the project was to determine wbeganists did during normal
playing, it was not appropriate to use the resutimn playing isolated notes in the
laboratory when other results were available. This however, mean that the full
potential of the model was not used and leavesiderable scope for further work.
Early results showed that players would move alaied key more slowly than they
would when attempting to play a note slowly durim@mal playing and the results
from the laboratory model must be treated with icewtHowever, a number of
recordings are reproduced here in order to claiffgcts observed during site work.
Fig 6.24 illustrates many of these effects and atetudes a measurement of the
pressure in the groove. The key movement was “sldkiz pipe is an*fprincipal
pipe obtained from an organ builder and not reudice this exercise. This pipe was

used for these measurements because of its prgeetis. 1 mb = 10 mm wg.

10
; T [ f 7s
. +55
E . 135 ;
g 2 15 2
@ S
ks 0 T 05 &
g2 , \\ N i g
2 . \\\ / 125 3
* ) \\ Vi { a5 &
8 \ P / + 65
-10 ‘ ‘ ‘ -8.5

0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80

Time sec

Fig 6.24 Complete recording of a “slow” key movement on the flexible action of the model

organ. The blue curve is the sound envelope.
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This graph should be compared with Fig 6.34 to stimeffect of a slower speaking
pipe. The characteristic shape of the key moverdeartto flexibility in the action
can be seen. The key movement slows down betwemrt 60 sec and 0.75 sec as
the resistance felt at the key head increasesaltietaction behaving like a spring
until the pallet starts opening. The pallet firgtrs moving at about 0.74 sec at the
same time as the air pressure starts rising. Thedsenvelope starts developing at
about 0.78 sec. the key speed increases from &0@% sec as pluck is completely
overcome. The pallet catches up with the key movemest after 0.80 sec and
follows it closely for the rest of its travel. Thessure starts to increase in the

groove at about 0.75 sec i.e. there is some ledb@igee the pluck point.

The most important features of Fig 6.24 are:

0 The key moves a significant distance before thiepsiarts to open

0 The key slows down due to the increasing resistaxe¢he action flexes

(rollers twisting, washers compressing, levers brandtc.)

o When sufficient energy is stored in the flexed @cffin this case after about
3.4mm key travel), pluck is overcome and the palfeings open and catches

up with the rest of the action
0 As the resistance due to pluck is overcome the ikeseases in speed of
movement as it is not possible to reduce the fbeseg applied by the finger

in the time available

0 The air pressure in the groove starts to riseeattme time as the pallet starts

to open

0 The air pressure reaches a peak early in the palstement (after about

2 mm pallet travel)
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0 The pallet starts to open at about 3.3 mm key tramd the pressure in the
groove reaches a maximum at about 4.5 mm key t@awvea total of 9 mm.

This is the only part of the key movement that daffect the transient.
0 There is a delay before the pipe starts to speak

o0 The key is on the key bed and the pallet is fulbem before the pipe has

reached stable speech

o There is a delay before the pallet starts to cleken the key is released

(probably due to friction)

o Later in the release movement the pallet startdase in advance of the key

movement (due to air pressure)

0 The pallet is firmly seated before the key hasrretd to its rest position (in

this case the key has 1.6mm to go)

0 The sound envelope does not start to diminish dihél point at which the

pallet closes.

The low frequency variation in the pressure is aratteristic of rotary blowers and
the high frequency pressure variation is due tosthend wave being transmitted to
the groové. The former is often cited as a problem with rotalgwers and the latter

is often cited as an advantage of bar and slidedetiests — there is coupling through
the groove between the pipes of one note, althowgkvidence came to light that

this has been properly studied.

The critical part of the key depression is showRim6.25.

8 Discussion with Prof. Andras Miklés
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Fig 6.25 Key depression from the “slow” movement shown in Fig 6.24. The blue curve is the
sound envelope.

This diagram very clearly shows that the pressarthé groove goes from zero to
maximum over a small part of the key movement -wbeh about 3.3 mm and 4.5
mm travel. Any movement outside this range canffecathe pipe speech. The low
frequency variation in wind pressure may influetifee transient but that is a function

of the wind system and not the key action.

The slow key release shows that the key initiadlgds the pallet (Fig 6.24). This is
possibly due to friction. After about 1 mm travel the pallet, it starts leading the
key. This is probably due to the effect of thelawf past the pallet. The pallet finally
closes significantly ahead of the key reachingets position, and can be seen to be
accelerating over the last part of its travel white key is decelerating. This “snap”
closing due to the net force of the air pressuraireg the pallet aids its sealing
against the pallet opening. It also means thafitiz part of the pallet movement is
outside the player’s control. Despite the very skay release, there is no diminution

in the sound amplitude until the pallet is firmbased.
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Key displacement mm
Pressure mb
Pallet displacement mm

1.35 1.40 1.45 1.50 1.55
Time sec

Fig 6.26 Key release from the sequence shown in Fig 6.2.1. The blue line is the sound

envelope.

Fig 6.27 shows an even slower key release that slilog acceleration of the pallet
just before it closes and also some diminutiorhefsound amplitude in this region.

Such a slow closure of the pallet is unlikely t@wcin normal playing.
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Fig 6.27 Very slow key release on flexible action of the model organ. The blue line is the
sound envelope.
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Fig 6.28 shows a “fast” key movement.
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Fig 6.28 Complete recording of a “fast” key movement on the flexible action of the model

organ. The blue line is the sound envelope.

The key depression is shown in Fig 6.29.

Key displacement mm
Pressure mb
Pallet displacement mm

0.70 0.75 0.80 0.85 0.90

Time sec

Fig 6.29 Key depression from Fig 6.28. The blue line is the sound envelope.
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A slight change in gradient of the key movemenveuwan be seen at the 4 mm point

corresponding with the more prominent change \asiiblFig 6.25.

The key release is shown in Fig 6.30 and showsdhee characteristics as Fig 6.26.
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Fig 6.30 Key release from Fig 6.28. The blue line is the sound envelope.

The two sound envelopes from the slow key releasEig 6.27 and the fast key
release in Fig 6.30 are superimposed in Fig 6.3%der to show that the diminution

of the sound amplitude does not follow the keyaltgh movement.
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—normal
-~ slow

Amplitude

0.00 0.05 0.10 0.15 0.20

Time sec

Fig 6.31 The final transients from the “fast” (Fig 6.27) and “slow” (Fig 6.30) pallet closures
superimposed to show the lack of difference compared with the difference in pallet

movement.

The rigid action of the model was then used to canmm “slow” followed by a

“fast” key movement. The complete recording is showFig 6.32.

Pressure mb
Pallet displacement mm

Key displacement mm

0.0 0.5 1.0 1.5 2.0 25 3.0

Time sec

Fig 6.32 Complete recording of “slow” followed by “fast” key movement on the rigid action of
the model organ. The blue line is the sound envelope.
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The only obvious difference is that the secondt"fasovement resulted in the key
being pushed further into its bed. Fig 6.33 shdwesfour curves from the two key
depressions shown in Fig 6.32 on the same grapratep horizontally to highlight
the similarities.

ws
prs
—ks
— wf
—prf
— kf
—ps
— pf

Pallet displacement mm

Key displacement mm
N

-8
\
-10 4

-7.5

0.0 0.1 0.2 0.3 0.4 0.5

Time sec

Fig 6.33 The key (k), pallet (p), pressure (pr) and sound envelope (w) measurements from

Fig 6.32 grouped together to show the similarity between the “fast” and “slow” movements.

Fig 6.2.34 shows the measurements of a complett”“é@quence using a different
pipe from a different rank (narrower principaf) on the rigid action. This pipe
consistently did not start speaking until afteignsicant delay of approximately 40

ms after the pallet started opening.
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Key displacement mm
Pressure mb
Pallet displacement mm

0.0 0.2 0.4 0.6 0.8 1.0

Time sec

Fig 6.34 Complete recording of a key movement on the rigid action of the model organ using
a slow speaking pipe. The blue line is the sound envelope.

The effect of how differently voiced pipes mightvieaaffected the results was not
pursued because the purpose of this exercise wadettify differences due to
different key movements.
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Chapter 7

Fieldwork

7.1 Introduction

The fundamental element of this project is thatas intended to study real organists
playing real music on real organs. The ideal wdwdde been to place sensors on the
key levers inside the organ case so that they woolde apparent to the player and

to leave them in place with as many players asilplesslaying the instrument.

The opportunity to do this did not however presesdif and, in any case, few of the
actions examined could accommodate sensors on abksbof the keys. It was
therefore necessary to take measurements withetheoss over the key heads. This
immediately created two problems. Firstly the ptayes always aware of their
presence and secondly they physically impeded ¢belentals to a greater or lesser
extent. The apparent ability of individual playets work round the sensors
influenced the music and exercises that they wskedto play. This was inevitably
a subjective decision. Some players found it vafficdlt to avoid touching the
sensors even though they were placed as far batkedkeys as was possible. Apart
from the problems caused by the sensors movingnglariset of measurements there

was a risk of injury to the player.
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It became obvious early in the site visits thatiraglplayers to repeat an exercise in
the same way many times did not result in a comsistet of samples. The player
appeared to start thinking too hard about what thege trying to do so that their

playing did not represent their natural way of plgythe particular exercise. A

discussion with the project’s supervisor, an inational concert organist, added
support to this view. Whilst accepting that the tbesults would be obtained by
players repeating exercises many times, it wasdddcthat more representative
results would be obtained by asking players to playumber of different exercises

and looking for common threads in the results.

The organs and organists used for measurementslavgedy random depending on
where it was possible to spend some time. It was détermined by the generous

donation of time by organ builders.

Players were asked to play notes in isolation endtyle that they thought that they
played during pieces of music. They were then asé&qulay either a piece of music

of their choice that they felt comfortable withatheme provided by the researcher.
It was not appropriate to ask the organists to gi@ysame piece of music because it

would not necessarily indicate how they naturallyp
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Chapter 7.2 Reid Concert Hall

7.2 Reid Concert Hall, University of Edinburgh

7.21 Introduction

The organ in the Reid Concert Hall of the Univgrof Edinburgh was built by
Jirgen Ahrend of Leer in North Germany in thé" X&ntury German style. The

specification is shown in Appendix 1.

This organ has a very “light” action with no bugiiand with relatively little pluck
(50 g plus 50 g at Middle'©n the Hauptwerk). The console and facade ofditgjan
are shown in Figs 7.2.1 and 7.2.2 respectively.

Fig 7.2.1 The console of the organ by Jirgen Ahrend in the Reid Concert Hall of the
University of Edinburgh
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Fig 7.2.2 The facade of the organ by Jirgen Ahrend in the Reid Concert Hall of the

University of Edinburgh
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Chapter 7.2 Reid Concert Hall

For the purpose of these exercises, the organ Wg®dg by Dr John Kitchen,
University Organist and Edinburgh City Organist,onk intimately familiar with the
instrument.

7.2.2 Improvised theme

The first session took place on tH& Becember 2004 and used the LED sensors. It
was not possible to gain access to the insideeotiests in order to record the pallet
movements. In the first exercise, Dr Kitchen plagadmprovised sequence of notes

“legato, moving the keys as slowly as possible’istheme is shown in Fig 7.2.3.
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Fig 7.2.3 Improvised theme used by Dr Kitchen for this exercise.

Fig 7.2.4 Manual keyboards of the organ by Jirgen Ahrend in the Reid Concert Hall of the
University of Edinburgh
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Fig 7.2.5 shows the complete key movements oftteme in Fig 7.2.3.
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Fig 7.2.5 Graph showing all key movements in a legato performance of the theme
improvised and played by Dr John Kitchen and shown in Fig 7.2.3. Ahrend organ Reid
Concert Hall University of Edinburgh

Key displacement mm

0.00 0.05 0.10 0.15 0.20

Time sec
reid6123

Fig 7.2.6 Graph showing the key depressions from the sequence depicted in Fig 7.2.5.
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Fig 7.2.6 shows the key depressions from the mowm&snghown in Fig 7.2.5. The
legend to the right of the graph shows the comeqguence as written in Fig 7.2.3 but

the curves are placed on the graph in random order.

Dr Kitchen was then asked to play the theme movireykeys significantly more
quickly but changing nothing else. The completerding of the sequence is shown
in Fig 7.2.7.
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reid6124

Fig 7.2.7 Graph showing all key movements of the theme improvised and played by Dr John
Kitchen and shown in Fig 7.2.3 with faster key movements relative to Fig 7.2.5. Ahrend
organ Reid Concert Hall University of Edinburgh

The total playing time measured to the start ok release of the’lreduced from
4.00 sto 2.62 s i.e. by 34.5%.

Fig 7.2.8 shows the key depressions of the movesysrawn in Fig 7.2.7
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Fig 7.2.8 Graph showing the key depressions from the sequence depicted in Fig 7.2.7. The

bracketed d indicates a note that was accidentally moved along with the adjacent one.

The bracketed d was due to the player inadvertamblying this key at the same time
as the second'elt can therefore be disregarded, but it doesappear to have had

any obvious effect on the intended note. This dearty be seen in Fig 7.2.7.

When asked how much quicker he thought that henm@ang the keys, Dr Kitchen,

after some consideration, said that he felt thaivhe moving them five times as
quickly. This is clearly not the case for the moestnafter pluck has been overcome.
It is difficult to determine when the key first gmoving because of noise from the

sensors and the small initial movement of the keys.

Several of the curves clearly demonstrate the keyimg before overcoming pluck,
most noticeably the final one, which representssémond Yof the sequence and the
curve representing'.f These curves indicate that there is approxima®e8smm

movement of the d key and 0.62mm movement of tkey before the pallet starts to
open. These movements can only be estimated imltkence of pallet movement

measurements but are based on other actions (inglute model) where both
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movements were measured. The differences betwegsn #él arise because of
differences in the action runs between notes, iffees in the way the individual
notes are regulated and even, possibly, systerdfizzences in the way the player
moves different keys. The times of key travel aedgths of notes are shown in
Table 7.1

Post-pluck movement time Total length of note

Notein Slow Fast % Slow Fast %

sequence ms ms reduction ms ms reduction
c! 48.4 38.4 20.7 2322 624 73.1
d* 47.6 39.4 17.2 1962 587 70.1
e’ 43.2 34.6 19.9 1521 589 61.3
ft 40.2 37.0 8.0 1924 642 66.6
d 45.2 35.6 21.2 1750 693 60.4
e’ 40.8 33.6 17.6 1436 578 59.7
c! 38.8 38.0 2.1 1575 650 58.7
g 43.2 33.0 23.6 2322 682 70.6
a’ 39.6 35.4 10.6 2578 632 75.5
b? 35.6 35.2 1.1 753
c 58.2 856

average 42.3 38.0 14.2 69.6

Table 7.1 Comparison of the post-pluck key travel times and the overall lengths of the notes
between the two performances of the improvised theme. The “slow” columns represent the
theme played “legato with the keys moved as slowly as possible” and the “fast” columns
represent the theme played with the key movement five times faster and nothing else

changed.

7.2.3 Accented note

The second exercise was designed to identify what player did when he
“accentuated” a note. He believed that he wasnhitthe note harder in order to

achieve this.

157



Chapter 7.2 Reid Concert Hall

Fig 7.2.9 shows the sequence played “normally”.Kidichen was playing the Two
Part Invention no.1 in C by J S Bach.
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Key displacement mm

Time sec

reid6121

Fig 7.2.9 Graph showing key movements during a performance of the Two Part Invention
no.lin C by J S Bach by Dr John Kitchen on the Ahrend organ in Reid Concert Hall of the
University of Edinburgh

Fig 7.2.10 shows the key depressions of the mowme&rshown in Fig 7.2.9.
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Fig 7.2.10 Key depressions from the sequence shown in Fig 7.2.9

The initial movement of the keys up to the poinvatch pluck is overcome can very
clearly be seen in some of these curves. The fawth, f, which will subsequently

be accented, is at the right hand end of the seguand has a very distinct initial
movement. The time of pre-pluck movement is appnately 23.4ms and the critical
post-pluck time is approximately 27.2ms (the appration arising because of the

difficulty in assessing exactly when the palletrtstapening).

Fig 7.2.11 shows the same sequence but with thehfowte, f, accented by being
“hit hard”.

The times of the rest of the notes have not belsumased but it can be seen that the

slopes are similar.
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Fig 7.2.11 Graph showing key movements during a performance of the Two Part Invention
no.l in C by J S Bach by Dr John Kitchen on the Ahrend organ in Reid Concert Hall of the

University of Edinburgh. The fourth note, f*, has been accented by being “hit harder”.

From this it can immediately be observed that thetthand movement shows the d
key being inadvertently moved along withand that the fourth note, the one being

accented, has a brief pause in front of it andde&s lengthened.

Fig 7.2.12 shows the key depressions of the seguégyicted in Fig 7.2.11.
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Fig 7.2.12 Key depressions from the sequence shown in Fig 7.2.9. The fourth note, fl, has

been accented by being “hit harder”.

From this it can be seen that the pre pluck movésnéor most of the key
movements are very much less distinct. In the chgbe “accented” note there is a
change in gradient, but it occurs at a higher paimd the initial movement is a
relatively straight line. Taking the same pointlie key movement as the estimated
pluck point (1.25 mm travel), the pre pluck timeshaduced to 8.8 ms (from 23.4)
and the critical movement has increased from 2%2a128.2 ms. This difference is
probably within the error of estimating the pluckimt. Subsequent notes show a

marked change in pre pluck shape — it is shorter.
The two movements of thé key are shown in Fig 7.2.13. The points of inipallet

opening have been placed roughly on top of eacaraihd it can very clearly be

seen that the curves after this time do not d#fgnificantly.
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Fig 7.2.13 Graph comparing the same notes from two performances of the same sequence
but with one accented by being “hit harder”

The key releases for the non-accented sequenshawe in Fig 7.2.14.
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Fig 7.2.14 Graph showing the key releases from the unaccented sequence shown in Fig
7.2.9
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There is some variation, but with one exceptiorythre fairly closely grouped and
the variation is unlikely to be significant. Theeonbvious exception is likely to be

random and could be due to such factors as theptdnanging hand position.

The key releases for the accented sequence areshdwg 7.2.15.
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Fig 7.2.15 Graph showing the key releases from the accented sequence shown in Fig 7.2.11

With the exception of the accented note itself, thieases are very similar. The
accented note has a significantly elongated relegtbea check in the middle. There
is no obvious reason for this and tests reporteeldiere in this thesis indicate that it

will not affect the sound.

These results clearly indicate that Dr Kitchen lasery clear perception of the
musical effect that he is trying to achieve but thés is not reflected in the way that
he moves the keys. His changes in playing style Ineagecessary for him to produce

a musical performance, but they do not actuallylpoe an audible effect.
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7.3 Rose Hill Methodist Chapel, Oxford

7.3.1 Introduction

Rose Hill is a southern suburb of Oxford. The Melisb Chapel contains a one
manual and pedal organ with six stops (one dividedjhe manual and one on the
pedal. The builder is unknown, but John Baileytutser, suspects Hill around 1845.
The current disposition is one manual and pedaleglt stops which are listed in

Appendix 1.

This organ was brought to the author’'s attention Day John Singleton who
responded to the article published in the IBO Nettsi (Appendix 7). Dr Singleton

is a physicist who was working in New Mexico at thee but who retained interests
with his former employers, the University of Oxfortle had previously been
organist of the chapel for ten years. Dr Singleigreed to a measurement session at
Rose Hill on the B October 2004 whilst on a visit to the UK in ordertry to
establish whether he was making the variation inrkevement that he thought that

he was.
7.3.2 Increasing speed of key movement

The LED sensors were used for all measurementspasvar supply problem meant
that the laser sensors could not be used. The rsemsgre positioned above the
naturals of the octave above Middle cThe sensors were rigidly attached to the
frame at this stage, but were sufficiently well tted to give satisfactory results on
some of the notes. Results from the sensors taothedimits of the range have been

disregarded.

In total thirteen sets of readings were taken aonhes representative ones are

reproduced below.
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The first graph, Fig 7.3.1, shows the player plgyansequence of notes whilst trying

to move the key at increasing speed.
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Fig 7.3.1 Graph showing key movement against time as the player tries to move the key
increasing quickly. Stopped diapason c', Rose Hill Methodist Chapel. 0 displacement is the
rest position of the key and downward movements are indicated by a negative displacement.

The sampling rate for this sequence was 1000 He.fifst few movements are very
slow — taking approximately 1 second for the degijgsand not reaching the key
bed. From number 5, the key appears to reach e dff its travel although some

variation is apparent due to compression of thekig} bed itself.
From number 11 onwards, the keystrokes, both mdesf note length and speed of
movement, become more or less constant despifgldlger’'s attempt to increase the

speed.

Fig 7.3.2 shows selected representative key depressfrom those recorded in Fig
7.3.1.
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Fig 7.3.2 Selected representative key movements from Fig 7.3.1. The curve numbers
correspond with the number of the curve in the previous graph where the first key movement
on the left in number 1. The horizontal displacement is arbitrary. Rose Hill Methodist Chapel

Middle c".

The first two key movements have been disregardetieing unrepresentative of
normal playing although this is a subjective judgein The horizontal displacement
is simply for ease of interpretation and has naifitance. Only one representative
curve is shown after the ninth movement becausthigystage the movement had
achieved a considerable degree of consistencyfildidour curves (numbers 3,4,5
& 6) show a distinctly shallower start up to betwde8 mm and 1 mm. This is due
to the small amount of flexibility in the action ibg taken up until pluck is

overcome. This is not apparent in later movememltsch suggests that the player is
doing something fundamentally different. Moveme®itand 9 both took 30 ms and

movement 21 took 34 ms (i.e. longer) from resutbtfavel.

Fig 7.3.3 shows all movements from number fivedmber twenty.
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Fig 7.3.3 Graph showing the key movement against time for all movements from number five
to number twenty as depicted in Fig 7.3.1. Rose Hill Methodist Chapel Middle c'.

After the first two movements all curves are reradii similar. The obvious
exception, in the pre-pluck movement, is numberltevddark blue). There is no
obvious explanation for this. This is the secony k®vement after a short break in
the sequence in which the player apparently prepaimself for the faster key
movements to come. This was an early indication,fuldy recognised at the time,
that even if players could vary the initial noté.sequence to some extent, this was

not necessarily so when they were in the middie piece.

Fig 7.3.4 shows the same exercise but on full olgssmthe Dulciana.
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Key displacement mm

0 2 4 6 8 10 12 14 16
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Fig 7.3.4 Graph showing key movement against time as the player tries to move the key
increasing quickly. Full organ less Dulciana, ¢*, Rose Hill. 0 displacement is the rest position
of the key and downward movements are indicated by a negative displacement.

Again, the first movements have been disregardetierfollowing chart, Fig 7.3.5,
which shows representative movements. For clatitgse have been restricted to
five, the others following the same pattern as ipnesty.
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Fig 7.3.5 Selected representative key movements from Fig 7.3.4. The curve numbers
correspond with the number of the curve in the previous graph where the first key movement
on the left in number 1. The horizontal displacement is arbitrary. Rose Hill Middle c'.
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Again, it can clearly be seen that after the fiest movements the profile of the key
movement becomes fairly constant. The total timefiovement number 12 is 31ms
and number 21 is 40ms. Again, the “faster” movememe slightly slower than the
early ones although neither shows the pre-pludkcefdf numbers six and nine. This
again suggests that the player is doing somethingdmentally different — possibly
playing from the wrist rather than the finger, thertia of the whole hand not being

affected by the varying resistance of the actiois &lse finger alone.

Fig 7.3.6 shows the velocity of the movements showiig 7.3.5. These have been
calculated assuming a linear output from the senBbe expected average value

would be about 0.26 ritgiven a key dip of 8 mm and a time of travel ofr88.
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Fig 7.3.6. The acceleration of the key head during the key movements depicted in Fig 7.3.5.

Rose Hill Methodist Chapel, Middle c* full organ less Dulciana.

It can again clearly be seen that, with the exoepdf number six, the peak velocities
are in inverse relationship to the “speeds” peeeiley the player, varying between
0.30 m& and 0.55 ms. The “kink” in the upward slope of some of thenas

appears to be characteristic of this organ and@heredue to friction in the action or

possibly to vibration.
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The accelerations of the same movements are showig i7.3.7.
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Fig 7.3.7 Graph showing the acceleration of the key head for the key movements shown in
Fig 7.3.5.

The peak acceleration is approximately 35 m/s?2. Teak deceleration is
approximately 50 m/s? when the key hits the key. Bdthough the inertia of such an
action may not be large, it nevertheless has o gtockly — an important factor in

action design.

7.3.3 J S Bach fugue

The next stage considered how this relates to whiatplayer does during actual
performance since he does not appear to vary tbedspf movement to the extent

that believed that he was in an exercise he dedigndemonstrate that he did.

The player chose to play a Fugue from the Eighl ByBach in order to demonstrate

the expression due to change of key speed. Theitsumm all working sensors are
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shown in Fig 7.3.8. These have all been smoothed tew data points. Figs 7.3.9 to
7.3.13 show each key in isolation.
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Fig 7.3.8 Graph showing all recorded key movements during performance of a J S Bach
fugue. Rose Hill Methodist Chapel, Stopped Diapason
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Fig 7.3.9 Middle c' key movements from Fig 7.3.8
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Fig 7.3.10 d" key movements from Fig 7.3.8
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Fig 7.3.11 f* key movements from Fig 7.3.8

173



Chapter 7.3 Rose Hill

2

= 0t P, b

£ o N i LS

£ 2

@

g 4

T 6

>

)

X -8 1 ] “ T J | L J

-10 T
0 2 4 6 8 10 12 14
Time sec
rh118
Fig 7.3.12 a’ key movements from Fig 7.3.8
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Fig 7.3.13 c? key movements from Fig 7.3.8

Fig 7.3.14 shows all Middle*ckey depressions in the order in which they were
made. Assuming that pluck is overcome at 0.8 mmtithes of travel post-pluck are
37 ms, 33 ms, 39 ms, 25 ms, 27 ms, 23 ms, 25 m38Aants.
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Fig 7.3.14 Graph showing the key movements of all the Middle c* notes played in the Bach
fugue recorded in Fig 7.3.8. The number of the curve represents the order in which the note
was played. Rose Hill Methodist Chapel.

Fig 7.3.15 shows the same information for all thedtes recorded in Fig 7.3.8
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Fig 7.3.15 Graph showing the key movements of all the f* notes played in the Bach fugue
recorded in Fig 7.3.8. The number of the curve represents the order in which the note was
played. Rose Hill Methodist Chapel
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Fig 7.3.16 shows the same information for all the decorded in Fig 7.3.8
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Fig 7.3.16 Graph showing the key movements of all the d's recorded in Fig 7.3.8. The
number of the curve represents the order in which the note was played.

Fig 7.3.17 shows the acceleration of the key hefathe three key movements
depicted in Fig 7.3.16.

Key velocity m/sec

0 50 100 150 200

Time ms
rh11.18 D

Fig 7.3.17 Graph showing the acceleration of the key head in the key movements shown in
Fig 7.3.16. d"* Rose Hill Methodist Chapel
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7.3.4 Finale

Following the session at Rose Hill, Dr Singletoroter, with a copy to the editor of
the IBO Newsletter:

Having played for you, watched the measurements and seen the data coming
out on the screen, | am partly convinced that some of the things that |

thought that | was doing whilst playing are illusory!*

! E-mail to author
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Chapter 7.4 Radley College
7.4 Radley College, Radley, Oxfordshire

7.4.1 Introduction

The organ was built by Hill Norman and Beard in Q%hd, with the exception of
the en chamade (horizontal) trumpet, the manuaraes mechanical. The facade is

shown in Fig 7.4.1.

Fig 7.4.1 The facade of the organ in the Chapel of St Peter, Radley College, Radley
Oxfordshire, Hill, Norman and Beard 1980.
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Chapter 7.4 Radley College

The organ is looked after by John Bailey of Bislaop Sons. With the permission of
the School authorities and under the direct supienviof Mr Bailey, sensors were
installed inside the wind chest. The Swell orgars walected as being most readily

accessible and middlé selected as a representative note.

The cables were fed round the edge of the facedbddue resultant air leak was not

considered to be a problem and well within the capaf the wind system.

Fig 7.4.2 The console of the organ in the Chapel of St Peter, Radley College. John Bailey,

curator of the organ, is checking the force required to move a key using a set of key weights.

7.4.2 Measurements of key and pallet movements

This first set of measurements was taken on thé Fstbruary 2005 and was
intended to obtain some information about how a hamical action organ of
significant size behaves in practice. The sampiaig was 10 kHz. The microphone

was placed over one of the swell shutters and ikarensiderable background noise.
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Since these key movements were made in isolatias nbt possible to categorise
them in terms of how they might relate to “normalaying. They can simply be

used as a reference. Any descriptions of speedwément are purely subjective.

The first graph, Fig 7.4.3, shows the key movemgaliet movement and waveform
envelope for a “slow” key movement — sequence Ae Trlgger point is such that the

first part of the key movement has not been reabrde

1 = 0.7

O =T A'A 1 03
:, N 13 E
£ \ I £ wave
§ -3 T 23 § |—key
& I & |—npallet
3 4 - 33 3T
g 5 - 5
¥ 443 &
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7 uﬁ'h I 5.3

-8 T -6.3

0.00 0.50 1.00 1.50 2.00

Time sec

Fig 7.4.3 Sequence A. Graph showing the key movement, pallet movement and sound
recording for a “normal” key movement. The sound recording amplitude is to an arbitrary

scale. Radley College

Fig 7.4.4 shows the key depression on an exparcige. s
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Fig 7.4.4 Sequence A. Graph showing key depression, pallet movement and sound envelope

for a “normal” key movement. Radley College. Middle ¢c* Great Stopped Diapason

The key rest position is at zero displacement. &liera very clear point at which the
pallet starts moving more quickly but the palletuadly starts moving before this
point allowing a flow of air to the pipe. This mhg due to the leather and felt facing
expanding and the air leaking through the gapsénleather facing (this suggestion
was made by Dr David Wylde of Henry Willis and Sansa private conversation).
The pluck point comes after approximately 2mm traxg of a total of 7mm (a very
shallow key dip). There is an overrun by the paifeapproximately 0.7mm and with
a frequency of oscillation of approximately 30 mich is similar to the total travel
time of the pallet. The key follows the same patiefr oscillation at lower amplitude.
It is not clear whether this is due to it followitige oscillations of the rest of the
action. The waveform envelope starts developingpatroximately the same time as

the pallet starts opening.
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Fig 7.4.5 Sequence A. Key release from the complete “normal” movement shown in Fig
7.4.3. The pallet initial lags behind the key probably due to friction.

Fig 7.4.5 shows the key release. The pallet lagstsl behind the key in the early
stages but, due to the effect of the pressurerdiiteal across the pallet, reaches its
rest position about 3 ms ahead of the key. Thepshows only a very small degree
of oscillation due to it being held firmly closeg the pressure differential whereas
the key shows a much greater amount. Despite tve idlease of the key and thus
closure of the pallet, the sound envelope doesstaot decaying until the pallet is

firmly shut.

Fig 7.4.6 shows a 3D spectral visualisation ofitigal transient.
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22523

06042

Fig 7.4.6. 3D visualisation of the spectrogram of the initial transient from Fig 7.4.5. The

frequency limits are 39 and 5000 Hz. Linear amplitude, arbitrary scale.

The initial movement of the pallet has resulteédimurmur before the main speech

of the pipe.

The next sequence of graphs, sequence B, showiskegiey movement. Fig 7.4.7

shows the complete key movement.
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Fig 7.4.7 Sequence B. Graph showing the key movement, pallet movement and sound
recording for a “quicker” key movement. The sound recording amplitude is to an arbitrary

scale. Radley College
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The pluck point remains constant at about 2 mm tkayel. As in the previous
example there is a further change of gradient atual®.5 mm. This will be
commented on in the next sequence of graphs anl feil the moment, be
disregarded. In this key movement the pre-pluck enwent is very much shorter and
there is only a barely measurable movement of thiéetpuntil the pluck point.
Although less clear than in the first example, ¢hisra clear change of gradient in the

key movement at the point at which the pallet stapening.

Fig 7.4.8 shows the opening part of the sequence.
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Fig 7.4.8 Sequence B. Graph showing key depression, pallet movement and sound envelope

for a “quicker” key movement. Radley College. Middle c¢* Great Stopped Diapason
The pallet overrun is now 1 mm and takes 0.1 samm This could affect the
repetition of the note. The sound envelope doesstaot developing until the pallet

has started moving.

Fig 7.4.9 shows the key release.
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Fig 7.4.9 Sequence B. Key release from the complete “quicker” movement shown in Fig
7.4.6. The pallet initial lags behind the key probably due to friction.

This graph covers half the time scale of Fig 7shéwing the equivalent phase of the
first slower sequence A. Again, the sound enveldpes not start diminishing until

after the pallet has closed.

Fig 7.4.10 shows the 3D spectral analysis of thgalntransient of sequence B

covering the same time span as Fig 7.4.6. Theseree noise on this recording.
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Fig 7.4.10 Sequence B. 3D visualisation of the initial transient shown in Fig 7.4.8 using

Sigview 1.91. The frequency limits are 39 and 5000 Hz. Linear amplitude, arbitrary scale.

Sequence C represents a further increase in pectaepeed of movement and Fig

7.4.11 shows the complete movement.
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Fig 7.4.11 Sequence C. Graph showing the key movement, pallet movement and sound
recording for a “quicker” key movement than Sequence B. The sound recording amplitude is

to an arbitrary scale. Radley College
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The pluck point in the key movement is less didtimat still apparent. The initial
movement of the key is, however, very distinct émere is a clear plateau. This is
probably due to a small amount of slackness leattirgpbme free movement in the
action. The organ’s curator told the author tha #ttion had previously been
modified to reduce free play by removing lead wesginom the backs of the keys.
This would have been compensated for by increa#iiegtension of the pallet

springs.

Fig 7.4.12 shows the key depression.
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Fig 7.4.12 Sequence C. Graph showing key depression, pallet movement and sound
envelope of the movement recorded in Fig 7.4.11. Radley College. Middle c' Great Stopped

Diapason

The pallet overrun is now 1.25 mm.

Fig 7.4.13 shows the key release.
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Fig 7.4.13 Sequence C. Key release from the complete movement shown in Fig 7.4.10.

Fig 7.4.14 shows the spectrogram.

97
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Fig 7.4.14 Sequence C. 3D visualisation of the initial transient shown in Fig 7.4.11 using

Sigview 1.91. The frequency limits are 39 and 5000 Hz. Linear amplitude, arbitrary scale.
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Sequence D is a “fast” key movement and Fig 7.4tidws the overall movement.
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Fig 7.4.15 Sequence D. Graph showing the key movement, pallet movement and sound
recording for a “fast” key movement. The sound recording amplitude is to an arbitrary scale.

Fig 7.4.16 shows the key depression.
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Fig 7.4.16 Sequence D. Graph showing key depression, pallet movement and sound
envelope of the “fast” movement recorded in Fig 7.4.14. Middle c* Great Stopped Diapason
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Here, the pluck point is not apparent suggestiag ttis note was played by moving
the whole hand rather than just one finger. Thallteés a “constant velocity”

movement rather than a “constant force” movement.

The release is shown in Fig 7.4.17.
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Fig 7.4.17 Sequence D. Key release from the complete “fast” movement shown in Fig 7.4.15.

Fig 7.4.18 shows the spectrogram of the depression.
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23819

0.614

Fig 7.4.18 Sequence D. 3D visualisation of the initial transient shown in Fig 7.4.14 using
Sigview 1.91. The frequency limits are 39 and 5000 Hz. Linear amplitude, arbitrary scale.

Fig 7.4.19 shows the movement of the same palleelSmiddle ¢) through the
electric Swell to Choir coupler. The coupler isim@e action magnet arranged to
pull down the tracker near the chest. Due to salfsctance it does not allow a good

repetition rate. Part way through its travel thg keoves as the slack in the action is

taken up.
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Fig 7.4.19 Movement of the Swell Middle c* key and pallet with the note played through the
electric Swell to Choir coupler.

Fig 7.4.20 shows the pallet opening. The slowinghefpallet in the later part of its
travel may be due to the additional force requicechove the key as well.
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Fig 7.4.20 Initial movement of the Swell Middle c* key and pallet with the note played
through the electric Swell to Choir coupler.
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Fig 7.4.21 shows the pallet return of the Swell 8fiedC played through the Swell to
Choir coupler.
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Fig 7.4.21 Pallet return of the Swell Middle c' played through the electric Swell to Choir
coupler. The initial part of the key curve is coincident with the “-1” displacement gridline.

The movement of the pallet is checked just befofelly closes at the point at which
the key starts returning to its rest position. TiRipossibly not significant in this case

but is a phenomenon to be borne in mind in siniilstallations.

Fig7.4.22 shows a visualisation the 3D spectrogoarime initial transient shown in
Fig 7.4.20.
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i

5000 03203

Fig 7.4.22 3D visualisation of the initial transient shown in Fig 7.4.20 in which the Swell pallet
was moved using the Swell to Choir coupler. The frequency limits are 39 and 5000 Hz.

Linear amplitude, arbitrary scale.

Fig 7.4.23 shows the four key depressions from esecgs A, B, C, and D. The

perceived speed of movement increases from sequeseguence.
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Fig 7.4.23 Graph showing the key movements for the four sequences described above. The

speed of movement increases from A to D.
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The perception of the speed at which the playerasing the key relates to the time
from the key starting to move to the time at whicé key hits the key bed. There is a
clear difference in the time of post-pluck travat i is significantly smaller than the

difference in pre-pluck movement.

The corresponding movements of the pallets are shiowFig 7.4.24 with the

addition of the pallet movement through the SwelChoir coupler.
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Fig 7.4.24 Graph showing the pallet movements corresponding with the key movements in
Fig 7.4.23 with the addition of the movement played through the Swell to Choir coupler.

The pallet movement through the Swell to Choir deufalls in the middle of the

range of “manual” movements.

The envelopes of the five initial transients areveh adjacent to each other in
Fig 7.4.25 in order to indicate the similarity. Theare clear differences in the shape
of the envelope after it has reached its maximurplimade. It is not clear whether
this is due to pressure variations in the chestuas to the speed of opening of the

pallet. What is clear is that the initial developrhef the sound envelope does not
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reflect the key movement and does not even showvdration of the pallet

movement.

Sequence C (Fig 7.4.14) Sequence D (Fig 7.4.18)

Swell to Choir coupler (Fig 7.4.22)

Fig 7.4.25 Diagram comparing the shapes of the initial transients of Middle c¢* of the Stopped
Diapason on the Swell at Radley College with the key moved at different speeds and through
the Swell to Choir coupler. Linear amplitude, arbitrary scale.

The closing pallet movements are shown in Fig B.4.Despite the differences in
opening movement, the closing movements are muaie losely related with the

exception of Sequence A, the slowest opening moxieme
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Fig 7.4.26 Graph showing the closing pallet movements corresponding with the key
movements shown in Fig 7.4.23 with the addition of the movement with the note played

through the Swell to Choir coupler.

The spectrograms of the closing transients are showrig 7.4.27. Again, there is
some variation in the envelope before the amplitstdets reducing overall, but the
shape of the decay is constant between examples.
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s oz

Sequence D

o2

Swell to Choir coupler

Fig 7.4.27 Diagram comparing the shapes of the closing transients of Middle c' of the
Stopped Diapason on the Swell at Radley College with the key moved at different speeds
and through the Swell to Choir coupler. Linear amplitude, arbitrary scale.

The particular pipe chosen for these measuremeritile ¢ of the Swell Stopped
Diapason) did not have an audible chiff and thees wo difference between the

notes audible to the author or organ builder.
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7.4.3 Key movements of various standards of player

7.4.3.1 Introduction

A series of measurements were then made of a nuwib@tayers of varying
standards but who were familiar with the organ. T sensors were used for
these measurements.

7.4.3.2 School Succentor

The first measurements were of Dr Tim Morris, Smtoe to the School and
formerly Organ Scholar at New College, Oxford. Hea Fellow of the Royal
College of Organists (FRCO).

The first sample was of J S Bach’s fugue BWV 54&; B9. This contains the
sequence e,d,e,c,d,e. This was selected becaus®iis stated that the middle of
the three “e”s should be played “faster”. Fig 78shows the recording of the three

complete notes.

Displacement mm

b~ T
-8 T

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40
Time sec

Fig 7.4.28 Recording of the movement of the e* key during the performance of an extract
from J S Bach’s fugue BWV 545, bar 29. The organist was trying to play the second note
“faster”. LED sensors
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Fig 7.4.29 shows the three key depressions fron7 H@8.
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Fig 7.4.29 The three key depressions from Fig 7.2.28. The organist was trying to move the
key of the second note (pink) faster than the other two.

Subject to the limitations imposed by the noisdlensignal it appears that the speed
of key movement of the second note is almost idahtio note one at 24 ms and
slightly shorter than note three at 28 ms but thatnote was held down longer. The
three notes were held down for 0.179, 0.236 an@7.4econds respectively,

measured at 2mm key movement, which is approxim#tel pluck point.
In order to make a more accurate measurement,atine €xercise was carried out

using the laser sensors. The three depressiohg ¢ét key are shown in Fig 7.4.30.
Compare this with Fig 7.4.28.
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Fig 7.4.30Recording of the movement of the e' key during the performance of an extract

from J S Bach’s fugue BWV 545, bar 29. The organist was trying to play the second note

“faster”. Laser sensors.

The lengths of the three notes are 0.163, 0.2640ab85 seconds respectively at
2 mm key travel. Here again the first note is gliglshorter than the third but the

second, emphasised, note is significantly longer.

The three key depressions are shown in Fig 7.48fetis some difference in the
pre-pluck movement but the post-pluck movementsvarg similar — 24.5 ms for
notes one and two and 30 ms for note three mea$toed2 mm travel to the key
bed. The relation between the pre- and post-plhelsgs of the three notes in the two
sets of measurements is not consistent and there evidence that Dr Morris was

moving the key faster. He was, however, clearlgrding the length of the note.
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Fig 7.4.31 The three key depressions from Fig 7.2.30. The organist was trying to move the

key of the second note (pink) faster than the other two. Laser sensor

The key releases are shown for the two sequencergii.4.32 for the LED sensor

and Fig 7.4.33 for the laser sensor.
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Fig 7.4.32. Key releases from the complete key movements depicted in Fig 7.4.28. LED

sensors. The pink curve, note two, was played with a “faster” key movement than the other

two
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Fig 7.4.33. Key releases from the complete key movements depicted in Fig 7.4.30. Laser
sensors. The pink curve, note two, was played with a “faster” key movement than the other
two

Again, there is no correlation between the actekltive key speeds and those that

Dr Morris was trying to achieve.

Dr Morris then played a series of notes with ineineg speed of key movement. The
key depressions are shown in Fig 7.4.34. Afterfits¢ three of the eight notes, the
times become similar and only vary by around 3 tos4 This is unlikely to be of any
significance. This result should be compared witkirailar exercise at Rose Hill
Methodist Chapel, Fig 7.3.1.
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Fig 7.4.34 Sequence of Middle c's on the Swell, Radley College, played with increasing
speed of key movement. Laser sensor.
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Fig 7.4.35 Sequence of Middle c* key depressions on the Swell, Radley College, played with
increasing speed of key movement from 1 to 8. Laser sensor.

Despite the small variations in key travel times Key is pushed further into the key

bed with each successive movement.
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In Dr Morris’s final exercise the second of two sessive ¥s was played “very

deliberately”.

The first playing of this sequence is shown in Fig.36. Although the post-pluck
travel is slightly faster, it can clearly be sebattthe main difference is in the pre-
pluck movement. In the case of the first (not “velgliberate”) note, Dr Morris

appears to have been applying pressure to the édeyebthe main key movement in

order to take up the slack. He was observed thidooh a number of occasions.
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Fig 7.4.36 Two key depressions in which the second was made “very deliberately”. Laser

sensor, f* Swell organ, Radley College

The second playing of the sequence, Fig 7.4.3Avsi@ more marked increase in
speed post-pluck but again clearly shows that thé rdifference is pre-pluck. In
both cases the second key movement was made frenkdh bed and shows

vibration from the movement of other keys.
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Fig 7.4.37 Two key depressions in which the second was made “very deliberately”. Laser

sensor, f' Swell organ, Radley College

7.4.3.3 Former organ scholar

The second player was Luke Bartlett, former orgamkar at Chichester Cathedral
and ARCO playing standard.

Mr Bartlett was first asked to play three notesswlation — “normal”, “legato” and
“staccato” — in the way that he would if playingpgece of music. The note was
middle C on the Choir organ. These are shown tc#mee scale in Fig 7.4.38. It is
not practical to line the complete curves up atgluek point of approximately 2 mm

but Fig 7.4.39 shows as much of the curves aslgesaligned at 2 mm travel.
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Fig 7.4.38 Middle c* on the Choir organ, Radley College, played “normally, “legato” and
“staccato”
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Fig 7.4.39 Middle c* on the Choir organ, Radley College, played “normally, “legato” and
“staccato” with the curves aligned at the pluck point of approximately 2mm key travel.

There is a very clear difference between thesethogées both pre- and post-pluck.
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Mr Bartlett then played a piece of music (J S B&WhNV 733) in the same three
styles. Two successive middléscwere recorded. The “normal” playing of the
complete sequence is shown in Fig 7.4.40. Fromdghaph it can be seen that the

first note is short and the second one long — edingehe length of recording.
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Fig 7.4.40 J S Bach BWV 733 played “normally”. Middle c¢* Choir organ, Radley College.

Laser sensor.

Fig 7.4.41 shows the sequence played “legato”
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Fig 7.4.41 J S Bach BWV 733 played “legato”. Middle ¢* Choir organ, Radley College. Laser

sensor.

Fig 7.4.42 shows the sequence played “staccato”.
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Fig 7.4.42 J S Bach BWV 733 played “staccato”. Middle c' Choir organ, Radley College.

Laser sensor.
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The most obvious difference between the “normald degato” sequences is the

speed of the release. The “staccato” note is glestudrter in duration.

The key depressions are shown in the next seriggaghs. Fig 7.4.43 shows the

“normal” depressions.
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Fig 7.4.43 Key depressions in “normal” playing BWV 733. Middle c* Choir organ, Radley
College. Laser sensor.

Fig 7.4.44 shows the “legato” key depressions.
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Fig 7.4.44 Key depressions in “legato” playing BWV 733. Middle ¢' Choir organ, Radley
College. Laser sensor.

Fig 7.4.45 shows the “staccato” key depressions.
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Fig 7.4.45 Key depressions in “staccato” playing BWV 733. Middle ¢* Choir organ, Radley
College. Laser sensor.
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The first depression in which the key did not retteh key bed is shallower than the

second depression.

Fig 7.4.46 shows all six keystrokes shown in Fig.43 to Fig 7.4.45 on the same
graph.
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Fig 7.4.46 Middle c* key on the Choir organ, Radley College, played in three different styles.
The letters N, L and S represent normal, legato and staccato playing respectively and the

numbers indicate the first or second note in the sequence.

These curves do not show the same degree of warititat was demonstrated in the

isolated key movements, Fig 7.4.39.

7.4.3.4 Student

The next subject was Ben Sheen, a year nine studethie College and of about
Grade 5 standard.
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He was asked to play middle C on the Stopped D@apas the Choir organ trying to

move the key “normally”, “slowly” and “fast”. LEDensor.

Fig 7.4.47 shows the result.
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Fig 7.4.47 Middle c' on the Stopped Diapason on the Choir organ, Radley College played in
three different styles in isolation by a pupil at the College. N, S and F represent normal,

staccato and fast key movements respectively.

The pre-pluck movements vary significantly but, lshithe “fast” post-pluck

movement is quicker, “normal” and “slow” are almosdistinguishable.

Ben then played the sequence improvised by Dr Jitehen (Fig 7.2.3.) in the

same three styles.

Fig 7.4.48 shows the complete “normal”’ sequence.
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Fig 7.4.48 Theme (Fig 7.2.3) played by a pupil at Radley College in a “normal” style.

Fig 7.4.49 shows the theme played “slowly”. Ben wbesarly applying pressure to
the keys in advance of the actual movement. Tkis alakes it difficult to define the
point of starting of the movement and may well gike player the impression of a

longer overall time of travel.
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Fig 7.4.49 Theme (Fig 7.2.3) played by a pupil at Radley College in a “slow” style.
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The “fast” playing of the theme is shown in Fig.B@ The obvious difference is that

the beginnings of the keystrokes are much “cleaner”
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Fig 7.4.50 Theme (Fig 7.2.3) played by a pupil at Radley College in a “fast” style.

It is of interest that the “slow” key movementsuksd in the shortest note lengths

and least overlap of notes.

Fig 7.4.51 shows the “normal” key depressions. Nb&t the pluck point appears to
differ between notes. Given that the action is wedjulated, this is probably due to
differences in the action runs between notes, angyarticular, differences in the

length of the rollers.
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Fig 7.4.51 Key depressions from Fig 7.4.48. Theme improvised by Dr John Kitchen, played
“normally” by a pupil at Radley College.

The “slow” depressions from Fig 7.4.49 are showRim7.4.52.
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Fig 7.4.52 Key depressions from Fig 7.4.49. Theme improvised by Dr John Kitchen, played
“legato” by a pupil at Radley College.

217



Chapter 7.4

Radley College

The variation in pre-pluck movement is apparenehert a visual comparison of the

post-pluck movement suggests that the keys mowe similar speed but that the

pluck points vary significantly.

Fig 7.4.53 shows the “fast” key depressions from F4.50.
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Fig 7.4.53 Key depressions from Fig 7.4.50. Theme improvised by Dr John Kitchen, played

“fast” by a pupil at Radley College.

Again, there is a very clear difference in the jpitck movements from the other two

seqguences.

Fig 7.4.54 shows the first four notes with the ¢hdifferent styles grouped together.

The other four notes would give a similar result.
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Fig 7.4.54 The first four noted from the theme improvised by Dr John Kitchen and played by
a pupil at Radley College in each of three styles — “normal”, “slow” and “fast”. The first letter

indicates the key being played and n, s and f represent the speed.

It can clearly be seen that the majority of thaatam in key movement occurs in the

pre-pluck phase and that the post-pluck movememtsotivary to the same extent.

Fig 7.4.55 Photograph of the Swell organ Radley College showing the swell shutters, which
are opened and closed to control the volume of the enclosed pipes.
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7.5 St Margaret’s Church, Ipswich

7.5.1 Introduction

This is a three manual organ of 27 speaking stoggally built by J W Walker in
1868. Its specification is shown in Appendix 1. Apaom being a suitable size for
study, this organ was chosen because it is locafgibsite Bishop and Son’s
workshop on Bolton Street, Ipswich, so that it wasvenient for John Bailey,
manager of the workshop, to supervise access, eralbe the organist, John Parry,
was very interested in the project. It was possibléocate a laser sensor inside the
windchest of this organ, although the lack of spaeant that it was not practical to

take a photograph of the installation. The fagadghown in Fig 7.5.1.

Fig 7.5.1 The facade of the organ in St Margaret’s Church, Ipswich. Originally built by J W
Walker in 1880.
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7.5.2 Measurements of key and pallet movements

Fig 7.5.2 shows the console with the music desloke and a laser sensor in place
over the Great middle*dkey. The organ was played by John Parry, orgarfishe

church.

Fig 7.5.2 The console of the organ in St Margaret’s Church, Ipswich. The music desk has

been removed and a laser sensor is in place over the Middle ct key of the Swell organ.

Fig 7.5.3 shows a “slow” isolated Middlé using a laser sensor over the key and
under the pallet. The sound recording has beeresresuced using Cooledit Pro
with an fft of 512 and a reduction level of 70db
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Fig 7.5.3 St Margaret's Ipswich. “Slow” movement of the Middle c* key showing the
movement of the key before the pluck point at approximately 1 mm travel due to flexibility in
the action. The amplitude of the sound recording is arbitrary and it has been noise reduced.

The key depression of the sequence in Fig 7.5Basvn in Fig 7.5.4.
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Fig 7.5.4 The key depression in Fig 7.5.3 shown to a larger scale.
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These curves show the characteristic shape ofdhertovement due to flexibility in

the action.

The key release is shown in Fig 7.5.5.
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Fig 7.5.5 The key release form Fig 7.5.3 shown to a larger scale

The sound envelope does not start diminishing uhél point at which the pallet
returns to its seat even with a slow and steadyrkiase as used here. The pallet
returns in advance of the key, the key rest positieing coincident with the pallet

rest position in this graph.

Fig 7.5.6 shows a “faster” movement. The sound nding has not been noise-

reduced.
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Fig 7.5.6 “Faster” movement of the Middle c* key showing the movement of the key before
the pluck point at approximately 1 mm travel due to flexibility in the action. The amplitude of
the sound recording is arbitrary and it has not been noise reduced.

The key depression is shown in Fig 7.5.7. Theegedsstinct movement and return of
both the key and the pallet at the beginning of $kquence as if the player's
movement is “bouncing” off a resistance. This wis® apparent in other recordings

not reproduced here.
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Fig 7.5.7 The key depression in Fig 7.5.6 shown to a larger scale.
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The key release from the sequence shown in Fi¢ /s5sshown in Fig 7.5.8. Again,

the sound envelope does not start to diminish th#ilpallet is almost seated.
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Fig 7.5.8 The key release form Fig 7.5.6 shown to a larger scale
A “fast” key movement is shown in Fig 7.5.9.
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Fig 7.5.9 St Margaret's Ipswich. “Fast” movement of the Middle c' key showing the
movement of the key before the pluck point at approximately 1 mm travel due to flexibility in
the action. The amplitude of the sound recording is arbitrary and is not noise reduced.
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The key depression is shown at a larger scalegi75.10
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Fig 7.5.10 The key depression in Fig 7.5.9 shown to a larger scale.

This still shows the characteristic key movemerthwihe key not quite stopping its
movement. The key release is shown in Fig 7.5.11.
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Fig 7.5.11 The key release form Fig 7.5.9 shown to a larger scale
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The three key depressions are shown superimpoded in5.12.
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Fig 7.5.12 The key and pallet movements from Fig 7.5.3, 7.5.6 and 7.5.9 presented on the

same graph for comparison. K and p represent the key and pallet movements respectively

and s, n and f represent the increasing speeds of movement depicted in the three previous
graphs.

The key and thus the pallet movement post-pluckHer“fast” movement are faster
than the other movements, the key movement reduoomy 48ms to 35ms (taking

1 mm as the pluck point). The pre-pluck time redutem 110ms to 66ms.

The next graph, Fig 7.5.13, shows the movemenhefMiddle ¢ key when two

notes were played together “with the fist”.
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Fig 7.5.13 St Margaret's Ipswich. Movement of the Middle c* key using the “fist". There is still
a distinct movement of the key before the pluck point at approximately 1 mm travel due to

flexibility in the action.

The key depression is shown in Fig 7.5.14. Tha™fisovement is faster pre-pluck
and after a slight check around the pluck poinpticmes at a similar speed post-
pluck which is actually slower than the “fast” mavent allowing the fingers to do
the work. This is a further example of the tramsitifrom “constant force” to

“constant velocity” playing — the *“inertia” of thevhole hand overcomes the
variations in resistance through the key’s travel the finger goes through the pluck

in a more controlled manner.
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Fig 7.5.14 Graph comparing the movements of the key and pallet with a “fast” finger

movement and with a "fist” movement

Fig 7.5.15 shows the movement of the key and paltet a recording of the sound

for a full chorus on the Great organ
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Fig 7.5.15 St Margaret's Ipswich. Movement of the Middle c* key plated normally using the
full chorus. There is a distinct movement of the key before the pluck point at approximately
1 mm travel due to flexibility in the action
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The key depression from Fig 7.5.15 is shown atlasgale in Fig 7.5.16 and the key
release in Fig 7.5.17.
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Fig 7.5.16 The key depression in Fig 7.5.14 shown to a larger scale.
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Fig 7.5.17 The key release form Fig 7.5.14 shown to a larger scale. Despite the increased air
demand of the full chorus, the waveform envelope does not start diminishing until the pallet
is nearly closed.

231



Chapter 7.5 St Margaret’s Ipswich

The key releases of the first four notes are shiowsg 7.5.18.
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Fig 7.5.18 The key releases from the first four exercises shown in Figs, 7.5.3, 7.5.6, 7.5.9
and 7.5.12

The “fist” action is obviously faster than the athieree but the “fast” key movement

has resulted in the slowest release.

7.5.3 Measurement of key movement during normal playing

A separate exercise was undertaken on tffeMa&y 2005. Mr Parry played a variety
of pieces of music in different styles with the LEBnsors in place over the Great
manual. The sampling rate was 2kHz. There was #cplr problem with the
sensors being knocked during playing and theresamge obvious discontinuities in

the curves. These do not prevent conclusions freimgreached.
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The first piece played wakesus meine Zuversicht by J S Bach, BWV 728. This was
played without ornaments and Mr Parry believed thatould exhibit a significant

variation in key speed.

The complete recording is shown in Fig 7.5.19.
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Fig 7.5.19 Recording of Jesus meine Zuversicht by J S Bach, BWV 728. The amplitude of
the sound recording, w, is arbitrary.

All of the key depressions are shown in Fig 7.5Ttkir position along the time axis
is arbitrary. It is not clear why the first,ghe brown line, is displaced in the way that
it is. It may have been moved during the playingtlué note and then partially
returned to its starting position or there may hbeen a fault with the sensor. This
curve should be disregarded for analysis but ituded in order to show all of the
key movements recorded. It can be seen that, @thtlere is some variation in

speed of movement, it is not large.
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Fig 7.5.20 All of the key depressions From Fig 7.5.19 recorded on one graph. The horizontal
position is arbitrary. The legend at the right indicates the order in which the notes were

played.

The second representative piece of music was BaalknToccata, which was
selected by Mr Parry as a “fast” piece that he wa@xpect to significantly affect the
way that he played compared to the Bach Choraleid®eThe complete recording is

shown in Fig 7.5.23. This shows the same overrarthe G key recording.
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Fig 7.5.21 J S Bach,“Jesus meine Fig 7.5.22. Boellman, Toccata from “Suite
Zuversicht”, BWV 728. Third bar, played with Gothique”. Transposed in Fig 7.5.23.
modification in Fig 7.5.19. (Novello Book 18) (Paxton)
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Fig 7.5.23 Recording of key movements in Boellman’s Toccata, played at St Margaret’'s

Ipswich by John Parry.

A visual inspection of these curves indicate thegytdo not vary to a significant
extent and so the first occurrence of each note bwen isolated and the key

depressions shown in Fig 7.5.26.
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Fig 7.5.24 Key depressions from Fig 7.5.20 showing the first playing of each note. The a’
has been isolated in order to compare it with an a* (shown here as a*) from the recording of
the Bach Chorale Prelude in Fig 7.5.19 in which it is also the pink line.
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The pink curve a* has been superimposed from theigus exercise and is the pink
curve from Fig 7.5.20. It has been placed nexth® tepresentative® rom the

Boellman toccata. The curve from the “slower” piestarts off more slowly and
slows down in the last third or so of its travealt for the majority of its movement,

follows the key movement from the “faster” piecessdly.

The releases of the twd &ey movements in Fig 7.5.23 above are shown in Fig
7.5.25.
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Fig 7.5.25 The key releases from the a” notes highlighted in Fig 7.5.23. The pink line is from
the faster piece.

It can first of all be seen that the two releasesat differ greatly and that the key
release of the Chorale Prelude is, in fact, shglféister than that in the Toccata.
Taking the start of the release as 0.20 sec, tia¢ time of travel is approximately
0.10 sec. This should be compared with Fig 7.58ving key releases in isolation
where the “finger” movements resulted in a rele@se of between 0.14 and 0.20

sec and the “fist” movement gave a release tine®f sec.
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7.6 St Mary’s Church, Haddington

7.6.1 Introduction

The organ in St Mary’s Church Haddington was boyitLammermuir Pipe Organs
and completed in 1990. The specification is showrppendix 1. The action is

mechanical throughout.

The organ is very much in the North European swyith a Hauptwerk and

Ruckpositiv, and with the pedal in separate towesoth sides, Fig 7.6.1.

Fig 7.6.1 St Mary’s Church, Haddington. Organ by Lammermuir Pipe Organs 1990
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For this exercise Alan Alexander, who had studieldrgan to an advanced level in
New Zealand before becoming a vet, played theunstnt. He was very familiar
with the organ. The studies were planned to taliegobn the ¥ August 2005, but a
problem with the LED sensors (later identified apatial failure of the power
supply) meant that the results were of limited wde.Alexander is pictured at the
console in Fig 7.6.2. The Rickpositiv stop knoles @m the back of the Rickpositiv
case behind the player’s back, and the pedal biganfl the straight flat form with

“German” style accidentals.

Fig 7.6.2 Alan Alexander at the console, St Mary’'s, Haddington. The Rickpositiv drawstops
are behind the player’s back and the pedals have “German” style undercut accidentals. The
Ruckpositiv to Pedal coupler can be seen to be depressing the bottom E key of the lower

manual as the bottom EE of the pedal is played.
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Although some further measurements were takentéh.ED sensors, the majority
of the work was done with the laser sensors ansktlage shown in position above
the Ruckpositiv keys in Fig 7.6.3. The reflectiveps required by the LED sensors
can be seen attached to the keys. The geomethiso€dnsole meant that the laser
sensors could be positioned relatively far backtlom keys, thus minimising the
interference to the player. The key dip was measase8mm and the movement was

thus well within the range of the sensors.

Fig 7.6.3 Laser sensors mounted over the Rickpositiv keys, St Mary’s, Haddington. The

reflective strips were for the LED sensors.
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7.6.2 LED sensors

Due to the problem with the power supply, the duadf the signal from the LED
sensors rapidly deteriorated. However, the firstéhsets of measurements during the
second session are adequate for making comparafotie important parts of the

movement.

These measurements are of a scale of C majomstatiMiddle ¢ The first graph,

Fig 7.6.4, shows the key movements in “normal” pigy

0 TR
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Fig 7.6.4 Recording of the key movements during a scale of ¢ major played “normally”.

Fig 7.6.5 shows the key movements during “legataying.
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Fig 7.6.5 Recording of the key movements during a scale of ¢ major played “legato”.

A visual comparison indicates the following:

* There is little difference in the post pluck moverhe

* The initial note in the legato playing has an eklted pre-pluck movement

» There is little difference in the timings of thetes

* The “e” in both cases is shortened. This is the notnormal scale fingering,

after which the thumb is brought underneath theltfinger.

Fig 7.6.6 shows the same scale played “staccato”.
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Fig 7.6.6 Recording of the key movements during a scale of ¢ major played “staccato”.

Here the &is not shortened relative to the other notes hat subsequent f is

elongated.

Fig 7.6.7 shows the threéscand & for comparison. Despite the noise, it can clearly
be seen that in the case of the threethere are significant differences in the pre-
pluck movements (pluck occurring at around 3mm) ahdt the post-pluck
movements are very similar. Thiseshow a similar pre-pluck difference and slightly
larger post-pluck differences. These are still $medditive to the total differences and

are unlikely to be significant.
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Fig 7.6.7 The three e's and three c's from the Figs 7.6.3 to 7.6.6 superimposed. The three
different styles of playing of the same note, normal, legato and staccato are grouped
together.

7.6.3 Laser sensors

Some measurements were then taken using the kassors. In the first exercise, a
scale was played starting front below Middle ¢ so that the two notes being
recorded were in the middle of the sequence. Tsidtseare summarised in the graph
below, Fig 7.6.8, which shows the movements ofd¢hand d keys when played

“normal” legato” and “staccato”.
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Fig 7.6.8 Graph showing the movements of the ¢* and d* keys in the middle of a scale and
played “legato”, “normal” and “staccato”

From this graph it can be seen that the “normadi ‘alegato” curves are very similar
after pluck for both notes. Thé tegato curve shows a distinct elongation whereas
the d curves start at about the same point but folloslightly different shape. The
staccato curves both show a distinctly shortergtuek movement but still show the
characteristic shape at the pluck point. Thék@y moves more slowly post-pluck
whereas the 'dkey moves more quickly. This is probably a randphenomenon

possibly due to the change of hand position betweemwo notes.

In the next exercise thé &ey was depressed three times in each of the Siyes
(“normal”, “legato” and “staccato”). For this exée the sound was also recorded
using an Edirol R1 solid-state sound recorder Wit microphone (Shure PG81)
suspended over the front of the Ruckpositiv casee Tecording format was
44.1 KHz 16bit.

The first graph, Fig 7.6.9 shows the three key mwemts during “normal” playing.

The waveform on this graph was recorded througDih® box at 10 KHz. There is

very considerable variation in the waveform envekpThis is probably due to the
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unsteady wind in this organ brought about by the of wedge bellows. This
unsteadiness makes analysis of the sound diffimdfause it is was not possible to

ascertain the cause of particular variations.
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Fig 7.6.9 Graph showing the key movements and sound envelope, Middle c¢* played

“normally” on the Ruckpositiv.

What can be deduced from this graph is that thendsanvelope does not start
developing until the key has moved a significarstatice and that at the end of the
note the envelope continues until the key hasmetiito its start position. This organ
would potentially appear to provide the source gfeat deal of information if pallet

movements and pressures could also be measured.

The three key depressions are shown in Fig 7.6TH® first and third key
movements are very similar post-pluck and this méikely to contribute to any
differences in the sound. The second curve isfigtte-pluck and steeper post-pluck
with some difference in shape around the pluck tpdihe sound envelope from the
first depression has been added in order to ineliaduere it starts developing. It can
be seen that this is not until the key is approxatyahalf way through its travel.

Tests on other organs and in the laboratory indicditat on this organ the
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Riickpositiv Middle & pallet starts opening after approximately two mibiires of

key travel, i.e. 25% of its movement.
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Fig 7.6.10 The three key depressions from Fig 7.6.9

Fig 7.6.11 shows the three “legato” key movements.
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Fig 7.6.11 Graph showing the key movements and sound envelope Middle ¢* “legato”
playing on the Ruckpositiv.
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The second and third movements show a very distimmtement of the key before
the actual depression. The second one is revefsaabiato the rest position and is
shown in Fig 7.6.12. The increase in sound levelesponding with this movement
appears to be the aftermath of the previous noieesi appears at about the same
time after every key movement including the last.dhis not clear whether this is
due to echoes or whether it is an artefact of tigamm The latter is unlikely because
the pallet should be firmly closed at this pointidhe frequency is very close to the

steady state frequency.
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Fig 7.6.12 The second key movement from Fig 7.6.11 shown to a larger scale

Fig 7.6.13 shows all three key movements. It wél hoted that the normal and
staccato movements are very similar post-pluck #vad the legato movement is
slightly slower. The waveform envelopes have bga@perimposed to indicate the
relative timings of the three key movements. As tleivel of approximation and with
the proviso noted above about the quality of theming, the three waveforms are

similar.
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Fig 7.6.14 shows the main part of the key movenrentore detail. The three curves
have been aligned approximately at the estimatadkppoint. This has resulted in

the waveform envelopes also coinciding.
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Fig 7.6.13 The three key depressions from Fig 7.6.11
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Fig 7.6.14 The three key depressions from Fig 7.6.13 without the elongated pre-pluck

movement of the second curve.
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The lengths of the pre- and post-pluck phasesaénddted in Fig 7.6.15.

a b c d
Style Total time | Pre-pluck time Post-pluck % cof a
sec sec time sec
L egato 0.230 0.202 0.028 12.2
Normal 0.059 0.038 0.021 35.6
Staccato 0.031 0.010 0.021 67.7

Fig 7.6.15 Tabulation of pre- and post-pluck key movement times of the movements shown
in Fig 7.6.13

The release of the second key movement is shovkigiry.6.16. It can clearly be
seen that the envelope does not appear to startinedin amplitude until after the

key has returned to its rest position.
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Fig 7.6.16 The key release of the second key movement in Fig 7.6.11.
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Fig 7.6.17 shows the three staccato key movemdntidulle c*. Fig 7.6.18 shows
the key depressions and the curves have been sygmesed in order to highlight
their similarity, the first two being indistinguighle. This would suggest that any
variation in the sound between these three notes,cartainly the first two, is not

due to the way in which the key is moved. The wakefenvelope from the first

movement has been superimposed.
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Fig 7.6.17 Graph showing the key movements and sound envelope. Middle c¢* “staccato”
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Fig 7.6.18 The three key depressions from Fig 7.6.17
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Fig 7.6.19 shows the CD quality sound recordingsnfrthe three “normal” key
movements (Fig 7.6.9) as a 3-dimensional visuatisaif the spectral analysis using
Sigview 1.91 with an fft of 1024, divided into 1G@gments and with an upper
frequency limit of 5 kHz.
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86133

4995.7 45798

Fig 7.6.19 3D visualisation of the spectral analysis of the “normal” playing shown in Fig 7.6.9.

The frequency limits are 86 and 5000 Hz. Linear amplitude, arbitrary scale.

Fig 7.6.20 shows the three legato movements fro;m7F6.11 as a 3-dimensional

visualisation of the spectral analysis.
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Fig 7.6.20 3D visualisation of the spectral analysis of the “legato” playing shown in
Fig 7.6.11.The frequency limits are 86 and 5000 Hz. Linear amplitude, arbitrary scale.

Fig 7.6.21 shows the three staccato movements FignY.6.17 as a 3-dimensional

visualisation of the spectral analysis.

Fig 7.6.21 3D visualisation of the spectral analysis of the “staccato” playing shown in
Fig 7.6.17.The frequency limits are 86 and 5000 Hz. Linear amplitude, arbitrary scale.
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The next sequence of spectrograms shows the iitidl second of the first envelope
in each sequence. This time period was chosen bechis is time between the start
of the envelope and the key returning to its resitmpn in the first staccato note. The
fft was set at 512 in order to maximise the timsohetion, but at the expense of
frequency resolution, which is 86.13 Hz. The samplime range is approximately
0.012 sec., and it must be noted that this stithmsethat the signal is averaged over

10% of the envelope and there will be distortion.

The first three diagrams show the first note, whigii be unaffected by any

previous note.

Fig 7.6.22 shows the first 0.12 second of the firgirmal” key movement from
Fig 7.6.9.
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Fig 7.6.22 3D visualisation of the spectrogram of the first note from the “normal” sequence

shown in Fig 7.6.9. Linear amplitude, arbitrary scale.
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St Mary’s Haddington

Fig 7.6.23 shows the first 0.12 second of the fitsgato” key movement from

Fig 7.6.11.
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Fig 7.6.23 3D visualisation of the spectrogram of the first note from the “legato” sequence

shown in Fig 7.6.11. Linear amplitude, arbitrary scale.

Fig 7.6.25 shows the first 0.12 second of the fissaccato” key movement from

Fig 7.6.17.
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Fig 7.6.24 3D visualisation of the spectrogram of the first note from the “staccato” sequence
shown in Fig 7.6.17. Linear amplitude, arbitrary scale.

These three spectrograms are shown side by siBiayii.6.25 in order to facilitate

comparison.

normal legato staccato

Fig 7.6.25 The three 3D spectral analyses from Figs 7.6.22 to 7.6.24 presented together for
comparison. The corresponding key movements are shown in Fig 7.6.13. Linear amplitude,

arbitrary scale.

The rise of the fundamental is similar in each casd does not reflect the key
movement. There are some differences in the hagaamd also in the fundamental

after it has reached a peak, which may be dueetavthding system.
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7.7 All Saint’s, Epping Upland, Essex

7.7.1 Introduction

Epping Upland is a small village in Essex aboutndifes north of central London.
The organ in All Saints Church (Church of Englastjrted out as a barrel organ by
Bevington but has been extensively rebuilt sintas located in a chamber to the
north of the chancel and has two manuals and pedthisl2 speaking stops (IIP12).

The pedal action is electric with a compass of 8@ks CC to f, and the manual
action is mechanical with a compass of 54 notets, £ The key dip at Middle'dis
13.5mm, which is very deep particularly on a smadlan. The organist of the church

is Dr Rodney Matthews.

The organ fagade is shown in Fig 7.7.1, the conisolgg 7.7.2 and Dr Matthews is
pictured playing in Fig 7.7.3.

Fig 7.7.1. The facade of the organ in All Saints Church, Epping Upland, Essex
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Fig 7.7.2. The console of the organ in All Saints Church, Epping Upland, Essex

Fig 7.7.3. Dr Rodney Matthews, organist of All Saints, Epping Upland, Essex, at the console.
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7.7.2 Key movement during scales

In the first exercise, Dr Matthews played a scaléhree styles — “normal”, “legato”
and “staccato” on the Great organ using the Stopp&gpason. Dr Matthews
considered that playing in these three styles waakllt in a difference in key

movement speed. Fig 7.7.4 shows the complete riegpod the “normal” sequence.
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Fig 7.7.4 Key movements from a scale played “normally”, Great Stopped Diapason

Fig 7.7.5 shows the complete recording of the sglaged “legato”.
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Fig 7.7.5 Key movements from a scale played “legato”, Great Stopped Diapason

Fig 7.7.6 shows the complete recording of the splaged “staccato”.
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Fig 7.7.6 Key movements from a scale played “staccato”, Great Stopped Diapason
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Fig 7.7.7 shows the threé and the three'gkey movements superimposed. In both
cases the normal and legato movements are effgcinlentical with a slight pre-
pluck difference evident in the ¢ movement. There igreater pre-pluck movement
in the g action run. In both cases the staccatonkeyement is slower both pre- and
post-pluck despite expecting it to be faster. Ttas been observed elsewhere in the
site visits and appears to be due to a change faying with flexible fingers to

playing with the whole hand.
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Fig 7.7.7 The three ¢' and three g* key movements from Figs 7.7.4 to 7.7.6.

7.7.3 Key movement during normal playing
In the next exercise, Dr Matthews played an im@edisequence in the same three

styles. Fig 7.7.8 shows the “normal’ playing, Fig.® shows the “legato” playing
and Fig 7.7.10 shows the “staccato” playing.
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Fig 7.7.8 Recording of key movements of improvised theme played “normally”. Great
Stopped Diapason
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Fig 7.7.9 Recording of key movements of improvised theme played “legato”. Great Stopped
Diapason
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Fig 7.7.10 Recording of key movements of improvised theme played “staccato”. Great
Stopped Diapason

Fig 7.7.11 shows the threéand the three'&ey movements superimposed.
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Fig 7.7.11 The three c' and e’ key movements from an improvised theme played “normally”,
“legato” and “staccato”.

This again shows the “legato” and “normal’ key mments being effectively
identical with, in this case, a longer pre-pluck vement on the normal’e

depression. The two “staccato” movements are sldiwan the other two styles.
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7.8 Carlops Chapel

7.8.1 Introduction

Carlops is a small village about sixteen miles saitEdinburgh. The chapel

contains a small one manual organ, which had bemredfrom another chapel.

Fig 7.8.1 shows the organ with its front casewerkoved and the LED sensors in

place.

Fig 7.8.1 The organ in Carlops Chapel with the LED sensors in place.
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The organist of the chapel is Professor Murray aetip Professor of Musical

Acoustics at the University Edinburgh and who pthf@r this exercise.

7.8.2 Isolated notes

The first series of measurements was made usirapex Isensor and a sampling
frequency of 10kHz. The sound was recorded thrahgltomputer’'s soundcard with

a standard computer microphone. The position sf¢hn be seen from Fig 7.8.1 and
resulted in a considerable amount of backgroundenaivhich was reduced using
Cooledit Pro with an fft of 1024 and a reductiomeleof 60dB. In this series Prof

Campbell played a sequence of two Middie with either “slow” followed by “fast”

or “fast” followed by “slow” key movements. Each sveepeated five times.

An example of the fast followed by slow sequencghiswn in Fig 7.8.2.
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Fig 7.8.2 Graph showing key movement and diagrammatical representation of sound
envelope for a sequence of two notes, the first with a “fast” key movement followed by a

“slow” key movement. Carlops Chapel, Middle ct Stopped Diapason.
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It can readily be seen that “slow” movement exkilite characteristic shallower
initial gradient before the pluck point, which ocswafter approximately 0.5mm key
movement. Note that there is a small displaceménhe key before the “fast”

movement due to the player’s finger resting onkénge These movements are shown
at a larger scale in Fig 7.8.3. The curves for glmev and fast movements were
roughly aligned at the pluck point of approximat€lyp mm movement and then
finely adjusted so that the waveforms were brouwgiat phase. The waveform at the
beginning of the “slow” (pink) sound envelope ido the previous note and is not
as the result of the key depression representesl herthe “slow” movement, the

sound envelope starts at approximately 0.5mm mowreraed there is a distinct

increase in the rate of build up at approximatetyri movement, a time difference

of approximately 0.02 second.
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Time sec
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carlops4nr

Fig 7.8.3 “Fast” (blue line) and “slow” (pink line) key movements and representations of the
corresponding sound envelopes to an arbitrary scale. The key movements cross at the
estimated pluck point. W indicates the sound recording, the amplitude of which is arbitrary

and k indicates the key movement. Carlops Chapel, Middle ¢ stopped diapason.
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The sound envelope of the “fast” movement is viguatry similar but doesn’t start
until the key has moved approximately 2mm. It doesstart full development until
after the key has hit the key bed. The main parthef sound envelope starts
developing at the same time post-pluck in both £a%ésualisations of the three-
dimensional spectrograms of the two sounds from7F8g2 are shown in Fig 7.8.4.
These were produced using Sigview version 1.9.1t0 an fft of 256, 30 steps and
limiting the upper frequency to 2kHz as there wasvisible information above this
frequency. Despite the time difference relativehii® key movement, there are only
small differences between the two sounds and tiser® apparent consequence of

the elongated initial “slow” key movement.

Fast Slow

Fig 7.8.4 3D visualisation of the spectral analyses of the two notes shown in Fig 7.8.2 with

“fast” and “slow” key movements.

The next results show the results of a “slow” mogamfollowed by a “fast” one.

Fig 7.8.5 shows the overall sequence.
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Fig 7.8.5 Graph showing key movement and diagrammatical representation of sound
envelope for a sequence of two notes, the first with a “slow” key movement followed by a
“fast” key movement. Carlops Chapel, Middle c¢' Stopped Diapason.

These movements are shown at larger scale in Bi§.7.
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Fig 7.8.6 Graph showing key movement and diagrammatical representation of sound
envelope for a sequence of two notes, the first with a “slow” key movement followed by a
“fast” key movement. Carlops Chapel, Middle c¢' Stopped Diapason.
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There may well be some interference to the stath®f‘fast” sound envelope due to
the decay of the first note but this would be expeédo start the pipe speaking
sooner. There appears to be a similar but shoelay dn the speech of the pipe when

the key is moved “fast”.

The spectrograms in Fig 7.8.7 again show thatpalih there are differences, they
do not reflect the key movements. The initial slopehe “fast” envelope is, in fact,

shallower then the “slow” one.

Slow Fast

Fig 7.8.7 3D visualisation of the spectral analyses of the two notes shown in Fig 7.8.6 with

“slow” and “fast” key movements.

Fig 7.8.8 shows all the first key depressions ia fequence. From this it can clearly
be seen that the difference between “slow” andt*fawmvements is predominantly

accounted for by variations in the pre pluck movemtn the case of curve 10, and
assuming a critical point of 1mm key travel aspbet at which the sound envelope
starts developing when the key is depressed “slpwlyrve 10 has a pre-pluck time
of approximately 0.986s and a post-pluck time 6#8s — a ratio of 20.5:1. Curve 4
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has a pre-pluck time of 0.041s and a post-pluck t@in0.016s — a ratio of 2.5:1. The

ratio of the two ratios is 8.2:1.

The difference between the slowest and fastest ign#:1 pre-pluck and 3:1 post
pluck.

Using a different reference point, e.g. 0.5mm thaweould produce different
numbers but still indicate a significant differenbetween the fast and slow
movements. The shallow gradient of the pre-pluckv&umakes it impossible to

assess the pluck point accurately.
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\3 ~
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0 0.2 0.4 0.6 0.8 1 1.2
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book2

Fig 7.8.8 The first key depression from each of the ten exercises (indicated by the number in
the legend) in which the key was depressed twice either “fast” followed” by “slow” or vice

versa. Carlops Chapel. The letter indicates whether the note recorded here was fast or slow.

Fig 7.8.9 shows the post-pluck movements at a tasgale. The five “fast”
movements are grouped together at the left of thplg The “slow” movements are
more spread out but are all towards the right efgraph. These have been plotted to

cross over at about 0.7 mm in order to emphaseséifferences.
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Fig 7.8.9 The post-pluck movements from the key movements shown in Fig 7.8.8 to a larger

scale.

Fig 7.8.10 shows the second note in the sequerid@go Slow and fast playing is
reversed from that in Figs 7.8.8 to 7.8.9. Agdnere is a clear difference in both the
pre-pluck and post-pluck movements, with only osWw”’ movement, number 5,
not being closely grouped with the rest. Curve als® the only “slow” movement
on which the previous key release appears (aethefl the graph), and it also shows

a very much less smooth pre-pluck movement.
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Fig 7.8.10 The second key depression from each of the ten exercises (indicated by the
number in the legend) in which the key was depressed twice either “fast” followed” by “slow”
or vice versa. Carlops Chapel. The letter indicates whether the note recorded here was fast

or slow.

The post-pluck movements are clearly divided into groups. These are shown at
larger scale in Fig 7.8.11. They vary between 0.3ahd 0.60s, i.e. the same
proportion 3:1 as for the first note in each phut overall slightly slower. Curve 3

shows very clearly the characteristic shape of ahaical action key movement up
to the pluck point. Curve 5, a slow one, is in thieldle of the two groups and is the

only one that does not fall into one of two distigmoups.
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Fig 7.8.11 The post-pluck movements from the key movements shown in Fig 7.8.10 to a

larger scale.

Fig 7.8.12 The LED sensors in position above the keys at Carlops Chapel. The sensor

mountings are an earlier version and the sensors are not adjustable sideways.
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7.8.3 Measurement of key movement during normal playing

In the next exercise Prof Campbell played a turam@onderry Air) in two different
styles, which he described as being “decisive” dexpressive” and which he
believed resulted in different speeds of key movamEhe tune was repeated eleven
times with the style alternating as requested. ffilogements of a Middle'and d
were recorded. These were in the middle of theepgcthat the player was not able
to give undue consideration to the first note. Nthadess, the first note of the first
playing follows a different shape from the otheathough this may be random and
its overall length is no greater than other curdé® curves are centred on 1 mm key
travel and are shown in Fig 7.8.13. The order efghbst-pluck times is ddddedeeeee
where e and d represent expressive and decisipeatgely. The times vary from
19ms to 44ms. The “expressive” post-pluck timeg/\fesm 27ms to 44ms and the
“decisive” times vary from 19ms to 28ms. Takingrape average gives 38.3ms for

the expressive key movements and 22.2ms for thisidedkey movements.

—cle
—c2d
c3e
c4d
— cbe
— cbe
—c7e
—c8d
c9d
cl0e
clid

Key displacement mm
N
|

e

0.70 0.80 0.90 1.10 1.20

Time sec

Book2

Fig 7.8.13 Key movements from a selected note (Middle cl) from a tune (Londonderry Air)

played eleven times either “expressively” or “decisively”.
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From the results above, these differences in ploskpmovement are unlikely to

have any significant effect on the sound.

Fig 7.8.14 shows the key movements of theay to the same scale as Fig 7.8.13.
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Fig 7.8.14 Key movements from a selected note (d*) from a tune (Londonderry Air) played

eleven times either “expressively” or “decisively”.

The pre-pluck movements are of a consistently shoength than the ‘ckey

movements shown in Fig 7.8.13. This is presumaiflyenced by the previous note.
Notes 5 and 6 show an almost identical characiersstape. Notes 2 and 11 also
show distinct checking of the movement at the plpolnt in which the key appears

to “bounce” off the point of maximum resistance.

Fig 7.8.15 shows that there are two groupings ef and post-pluck times according
to whether the movement was decisive or expressitie the exception of note 7
(expressive), which is at the fast end of the “egpive” pre-pluck grouping but is
second slowest in the “decisive” post-pluck grogpiifhe order from fastest to

slowest is dddddedeeee. The overall range of goskpimes is from 23ms to 47ms,
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the “decisive” times vary from 23ms to 28ms and ‘tepressive” times vary from
27ms to 47ms.

1
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é 5 | \\\\ d3e
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0.38 0.40 0.42 0.44 0.46
Time sec
Book2

Fig 7.8.15 The post-pluck movements of the d* key from Fig 7.8.13 shown to a larger scale.

In the final exercise Prof Campbell played a sectimm a J S Bach Chorale
Prelude, again in both “decisive” and “expressigtyles. The LED sensors were
used for this exercise. Due to teething problentk thie equipment, only three of the
channels gave satisfactory outputs. The results ftbese three are sufficient to

determine differences in the playing style.

The first graph, Fig 7.8.16 shows the complete sage of “expressive” playing split
into two sections because of limitations in prodgcgraphs with more than 32,000
data points in Microsoft Excel. Movement transnadtterough the organ case due to

other key depressions can clearly be seen.
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Fig 7.8.16 Key movements from a performance of a J S Bach Chorale Prelude played
“expressively” spread over two graphs.

Fig 7.8.17 shows the comparative data from the i’ playing presented in the
same way. The “expressive” playing clearly showsgkr pre-pluck movement.
There is little difference in the overlapping oéthotes but the “decisive” playing is
faster overall. The final chord in the “decisiveggsience shows that the movements
of two notes were the same.

278



Chapter 7.8 Carlops Chapel

Key displacement mm

6 7 8 9 10 n 12

Time sec

carlops23

Fig 7.8.17 Key movements from a performance of a J S Bach Chorale Prelude played
“decisively” spread over two graphs.

The key movements for the “expressive” movementsu@vn in Fig 7.8.18, with
the curves for the same key grouped together. Tk point of the f key appears

to lower than the other two keys.
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Fig 7.8.18 Key depressions from the “expressive” playing shown in Fig 7.8.16. The numbers
in the legend indicate the order of playing of that particular note.

Fig 7.8.19 shows the same information for the “sieel’ sequence in Fig 7.8.17.
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Fig 7.8.19 Key depressions from the “decisive” playing shown in Fig 7.8.17
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The shorter pre-pluck movement is apparent in sointliee movements.

Fig 7.8.20 shows all of the “expressive” movemefrtsm Fig 7.8.18 superimposed.
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Fig 7.8.20 All the “expressive” curves from Fig 7.8.17 superimposed.

Adjusting the t curve for a different pluck point would bring ibser to the other

curves.

Fig 7.8.21 shows the same information for the “sieel’ movements from Fig
7.8.19.
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Fig 7.8.21 All the “decisive” curves from Fig 7.8.18 superimposed.

Fig 7.8.22 shows all of the movements from botruseges on the same graph with

the expressive and decisive curves from Figs 7.8nt67.8.17 grouped together.
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Fig 7.8.22 Key movements from a J S Bach Chorale Prelude played “expressively” (indicated
by a final “e” in the legend) and “decisively” (indicated by a final “d”). The number refers to
the order in which a particular key was depressed. The decisive curves are to the left.
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The “expressive” post-pluck times vary from 21ms36ms and the “decisive” post-
pluck times vary from 15ms to 27ms. The pre-pluckes are longer in the

“expressive” playing.
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Chapter 7.9 St Stephen’s Centre

7.9 St Stephen’s Centre, Edinburgh

7.9.1 Introduction

St Stephen’s Centre is a former Church of Scotlemarch that is now used as a
community centre and retains its three manual ofaB2 stops (I11P32) built in
1880 by Father Willis essentially unaltered (Fig.T).

Fig 7.9.1 The facade of the “Father” Willis organ in the St Stephen’s Centre, Edinburgh
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This organ is of particular interest not only bezawf its size but also because it
incorporates Barker levers in the Great action. National Pipe Organ Register
states that Willis’s ledgers record it as havingjioally cost £1,245. Its stop list is

shown in Appendix 1.

The manual compass is C t§ §6 notes, and the pedal compass is CC to f, 8&no
The console, with a laser sensor over the Middlgey on the Great, is shown in
Fig 7.9.2.

Fig 7.9.2 Console of the organ in St Stephen’s Centre, Edinburgh
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Dr John Kitchen played the organ for this exercBavid Page and Jim Smail of
Forth Pipe Organs very generously gave a day af tinee in order to allow access
to the inside of this instrument. It had been hofmedlace a laser sensor inside the
windchests but both the Swell and Great divisiores divided into high- and low-
pressure chests with the tracker leading most ttirex the high-pressure reed chest,
which was the only part accessible. There was,ny @ase, insufficient room in
either the Great or the Swell high-pressure windtlier the sensors and it was,
therefore, decided to clip a reflective flag to Migldle ¢* tracker of the Swell organ
and to secure the laser sensor to a convenierghitdd structural member. The flag
itself is made of balsawood laminated between sheétcard firmly glued to
phosphor bronze action wire and is light but rigithis is shown in Fig 7.9.3. Note
the circular trackers and the additional maskingetased to secure the flag because
the trackers are very much thicker than the mottawkers for which the clips were
designed. This was not ideal because of the additiaction leading to the low-
pressure flue chest and there is thus a signifidagtee of flexibility in the action
after the point at which measurements were takba.flag appeared to remain rigid

throughout.

Fig 7.9.3 A laser sensor measuring the movement of a tracker by means of a “flag” attached

to the tracker.
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The two backfalls and intermediate sticker are shawFig 7.9.4. The tracker from
the console is at the extreme right with the tradkethe high-pressure chest just

behind it. A tracker goes from beyond the far efdhe visible action to the low-

1]\

pressure pallet.

Fig 7.9.4 Trackers and backfalls in the Great action, St Stephen’s Centre, Edinburgh. The

tracker from the key, bottom left, pulls down the backfall Just behind this tracker is another
tracker leading to the high pressure reed chest. The backfall is connected via a short sticker
to another backfall, the far end of which pulls down a further tracker (not visible) that opens

the pallet in the low-pressure flue pipe chest.

The pallets of the high-pressure chest of the Goegdn can be seen in Fig 7.9.5.
The ends are roughly sawn off square, with the natabers hand written on them.
The thickly felted pallet tops, the leather hingd® guide pins on either side of the

pallets and the substantial pallet rail to restheir movement can be seen.
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Fig 7.9.5 The pallets of the high-pressure reed pipe chest in the Great organ at the St
Stephen’s Centre. Edinburgh. The trackers at the bottom are the continuation of those going
out of the top right of Fig 7.9.4.

Sound recordings were made using a small condeniseophone placed in front of
the main case as it was not possible in the tinadlable to place it near the pipes. Its
position resulted in considerable noise that wasiged using Cooledit Pro with an
fft of 512 and a reduction level of 70dB. A samefdhe recorded and noise-reduced

signals is shown in Fig 7.9.6.
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Fig 7.9.6 Diagram to show the effect of noise reduction using CooleditPro on a sample
sound recording at St Stephen’s Centre. The yellow outline is the recorded sound and the

pale blue outline is the noise reduced recording.
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The small sound starting shortly before the keyrtstanoving can clearly be

identified as spurious noise as the tracker beiagsared has not moved.

7.9.2 Isolated key movement

In the first exercise, Dr Kitchen moved the Middfekey of the Swell organ in

isolation.

The first movement is “normal” and is shown in Fi§.7.
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Fig 7.9.7 Diagram showing the key movement, tracker movement and noise reduced sound

recording of a Middle ct played “normally”.

The initial movement from Fig 7.9.7 is shown taeger scale in Fig 7.9.8.
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Fig 7.9.8 The initial movement from Fig 7.9.7 shown to a larger scale.

The shape of the key release is more apparentan‘dlow” movement and is
discussed below.

The effects of the flexibility after the sensor mting point are more clearly seen in
the “slow” movement represented in Fig 7.9.9.
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Fig 7.9.9 Diagram showing the key movement, tracker movement and noise reduced sound

recording of a Middle ct played “slowly”.
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There is a clear point at which the pallet can bduded to start opening and this
corresponds with the point at which the sound statéveloping. There is
considerable flexibility in the short section ofetlaction from the position of the

sensor to the pallet. The initial movement is shawmore detail in Fig 7.9.10.
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Fig 7.9.10 The initial movement from Fig 7.9.9 shown to a larger scale.
The key release of the “slow” playing (Fig 7.9.89shown in Fig 7.9.11.
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Fig 7.9.11 The key release of the movement shown in Fig 7.9.9
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The key leads the measuring point on the trackiéially but the tracker does not
then lead the key in the final stages as seen wheasuring pallet movement
elsewhere. Because of the apparent considerabdibifiy in the final part of the
action run it is not possible to determine pregisehat is actually happening to the
pallet.

A “fast” key movement is shown in Fig 7.9.12.
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Fig 7.9.12 Diagram showing the key movement, tracker movement and noise reduced sound

recording of a Middle ct played “fast”

The key depression from Fig 7.9.12 is shown inFF§13.

293



Chapter 7.9 St Stephen’s Centre

wave
—key
— tracker

Key displacement mm
Tracker displacement mm

0 0.2 0.4 0.6 0.8 1
Time sec

sénr

Fig 7.9.13 The initial movement from Fig 7.9.2 shown to a larger scale.

All of the key depressions and associated palletemznts are superimposed on one
graph in Fig 7.9.14. They are arbitrarily centredtbe trigger point of the daq box
which approximately corresponds with the pluck painabout 2 mm key travel.

g |—ks
E E —kn
= R
o €
IS o |—ts
: :
3 5 "
=% Q2 o
2 k]
© —
> g
g

'_

0 0.2 0.4 0.6 0.8 1

Time sec

sanr

Fig 7.9.14 Diagram showing all the movements of the key and the tracker for a note played
“normal”, “slow” and “fast”
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The “slow” movement is clearly not representativie normal playing and the

“normal” and “fast” times are close together.

Dr Kitchen then played a theme (the same as usthe &eid Concert Hall Fig 7.2.3)
with “spontaneous”, “slow” and “fast” key movemen®ecordings of the key and
tracker movements are all presented in the samphgas Fig 7.9.15. The key
movements are on the left. The key movements asersitrossing at 2.5 mm in
order to emphasise the similarity of the lattert pdirthe travel. A visual inspection
and spectroscopic analysis of the sound recordiagvs that the sound envelope
starts developing at approximately 2.50mm. At gomt there is some difference in
the initial movement of the key, however, note teearkable similarity between
curves ksl (slow) and kfl (fast) and the differebeéween the two “slow” curves
ksl and ks2. This, along with similar results elsere, indicates that there is a

degree of randomness in the movements.
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Fig 7.9.15 Key and tracker (indicated by “p” in the legend) movements for a theme played
“slow”, “normal” and “fast”. There are two readings of the Middle ct key in each playing

denoted by the numbers 1 and 2.
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7.9.3 Barker lever

The final set of measurements was made from that@nanual in order to attempt
to determine how the Barker Lever operated. In viévihe difficulty of attaching a
sensor to the Great action, the sensor was lefii@Swell Middle &tracker and the

Swell to Great coupler used.

Fig 7.9.16 shows the Barker machine from Readingnrblall organ (Willis 1864),
restored by Harrison and Harrison 1999, who made rtfachine available for
examination in their workshop during 1998). Itsestcan be gauged from the electric
drill resting on the top. Fig 7.9.17 is a diagraken from Audsley, Fig CLXXXI, of

a typical Barker machine similar to the one at Regadown Hall but apparently
more complicated than the St Stephen’s Centre @peased to be — it being
somewhat inaccessible. The principle of operatsoothé same. The tracker, |, at the
right is connected to the key and opens the p@llet admit air to the bellows at the
top. Backfall H closes the air dump valves Q andtRhe same time. As the top of
the bellows top L rises, it moves the tracker W ieaconnected to the pallet in the
windchest. M is a check valve to prevent the bedlapening too far. The dump
valve is split and opposed so that there is nokplkeffect when it opens. At St
Stephen’s Centre the tracker W is replaced by ckestiand a pushing movement
taken from the bellows. The machine is rotatedugho90° with the left hand end of
the machine in the diagram being at the top withtibllows opening away from the
keys. The sticker U is replaced with a braidegstihich appeared to pull the dump

valve open against a spring.
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Fig 7.9.16 Barker machine from Reading Town Hall organ (Henry Willis 1864) under

restoration in Harrison and Harrison’s workshop during 1998.
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Fig 7.9.17 lllustration of a Barker similar to the one in the St Stephen’s Centre. Audsley Fig
CLXXXI

Fig 7.9.18 shows braided strips (equivalent of Fim7.9.17) and the dump pallet R

in the Barker machine from Reading Town Hall.

Fig 7.9.18 Detail from the Barker machine from Reading Town Hall shown in Fig 7.9.16
showing the braided strip (equivalent to tracker U in Fig 7.9.17), attached to a backfall, which
opens the dump valve R in Fig 7.9.17
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The first graph Fig 7.9.19 shows a “slow” key mowsin This exhibits a very
characteristic shape to the key movement with tigtrdtt checks to the movement.
This effect could not be felt through the fingerdny of the people present who tried
moving the key (Dr Kitchen, David Page and the agtland was not consistently
reproducible — it tended to occur when the playas wot trying “too hard” to move
the key in a particular way. It is not clear whetlieis due to friction in the
mechanical link or whether it is due to the way Baker machine works e.g. the
staged opening of the pallets. An inspection widviD Page indicated that the air
admittance valve opened in advance of the air duatye closing. The pallet starts

opening at about the 4.8 mm key position i.e. ntloa@& two thirds of its way down.

2.00

0.00

-2.00 N

\_\ wave

— key
-4.00 \ — tracker

-6.00 N

Key displacement mm

-8.00

-10.00 \ T
0 0.2 0.4 0.6 0.8 1 1.2

- Time sec

Fig 7.9.19 Diagram showing the Great key and Swell tracker movement of the St Stephen’s
Centre organ using the Swell to Great coupler, which operates through the Barker lever

mechanism. The key movement was “slow”.

Fig 7.9.20 shows a “fast” key movement. In thisectiee pallet does not start moving

until the key has moved about 7.7 mm, i.e. virjuali the end of its travel.
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Fig 7.9.20 Diagram showing the Great key and Swell tracker movement of the St Stephen’s
Centre organ using the Swell to Great coupler, which operates through the Barker lever
mechanism. The key movement was “fast”.

Fig 7.9.21 shows a “ normal” movement being thst fnote of a sequence during
which the player said that he was “thinking abawhething else”.
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Fig 7.9.21 Diagram showing the Great key and Swell tracker movement of the St Stephen’s
Centre organ using the Swell to Great coupler, which operates through the Barker lever
mechanism. The key movement was “normal, with the player thinking about something else”.
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These three movements are shown superimposed in.%22. Of particular interest
is that the tracker movement with the slow key nmoget is slightly slower than for
the other two movements. This was also the cadeotliter slow key movements and
whilst the slow movements are somewhat exaggerttert is some modification to

the movement leaving the Barker machine.
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2 6.00 — K
;" \ s
~ S
-8.00 \ { Mo
-10.00 T T T
0 0.2 0.4 0.6 0.8 1 1.2
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Fig 7.2.22 Diagram showing the three sets of measurements of the key and tracker using the
Swell to Great coupler through the Barker lever at St Stephen’s Centre. The key movements

were “slow”, “normal” and “fast” denoted by s, n and f respectively.

Of even more interest is are some of the resuitgyube Swell Sub Octave to Great
coupler and playing°con the Great. An example is shown in Fig 7.9.2Be T
displacement of the key rest position after theemoty be due to the sensor being
knocked during playing. Despite the key movemenindeno slower than the
example illustrated in Fig 7.9.19 above, there &gy clear and distinctly shaped
slower initial movement of the tracker. Discussiath David Page came up with the
suggestion that it is due to the dump valve (Rim F9.17) not closing promptly
enough resulting in a constant flow of air throulge inlet valve and out through the

dump valve during the initial movement. It is wietlown that the Barker machine of
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this organ is in need of overhaul and so a misaigmt of this sort might be expected
and is a common problem due to the complexity efrttachines. This phenomenon

was apparent in other slow movements through #yshkit not in faster ones.

2 - \ \ wave

— key
-4 — tracker

) L\ J

-8

(
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-10
0 0.5 1 15 2 2.5

16 Time sec

Fig 7.9.23 Diagram showing the Great key and Swell tracker movement of the St Stephen’s
Centre organ using the Swell sub octave to Great coupler, which operates through the
Barker lever mechanism. The shape of the tracker movement appears to be due to incorrect

phasing of the opening and closing of the valves in the Barker machine.
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Chapter 8

Conclusion

Comments on the results

The diversity of opinion given in the literatureviewed in Chapter 3 gives an
indication of the complexity of the issues involvedtrying to establish to what
extent organists can control the pallet and thuerg@lly the initial transient of a
note by the way in which they move the key. Thisjgct was prompted by
comments about some of the larger mechanical actigans built recently, but the
first organ measured was one of the smallest ig $hiudy (Rose Hill Methodist
Chapel, Oxford, Chapter 7.3). The organist beliead he could control the key and
thus the pallet, but even on this fairly small g®vmanual stops) organ the
characteristic effect of the flexibility of the &t pre-pluck can clearly be seen to be
the dominant factor (Fig 7.3.5). When playing ausetge of “increasingly fast” key
movements, the player reached a steady speed bgixtekey movement out of
thirty-four (Fig 7.3.2). At the end of the sessitime organist conceded that some of
the things that he thought that he was doing wiueory (Paragraph 7.3.4). This
organ also showed an apparently fundamental changee way that the player
moved the key above a certain speed. There apptaleda move from a “constant
force” type of playing to a “constant velocity” an€he latter was characterised by

not exhibiting the slowing down of the key pre-ptuend by being slower overall.
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The study of this change was outside the scophisfproject because there was no

equipment available with to undertake it but itlsarly an area for future study.

The organs used were those for which the oppoytuaaiuse them arose during the
project. There are no very large organs represeaedonly by using a variety of
different organs and organists can a valid conctusie reached in the case of an
empirical study such as this. Ideally each orgamaild have played similar material
on more than one organ, but this was not posséxeept at the Reid Concert Hall
and St Stephen’s Centre, but these are not directtyparable because the latter was

intended to show the effects of the Barker lever).

At the Reid Concert Hall, University of Edinburg8h@apter 7.2), an organ with a
very “light” action, the organist demonstrated thahilst he thought that he was
varying the speed of key movement, he was actehiyging the rhythm and length
of notes. The effect of pre-pluck flexibility caman be seen very clearly in Fig
7.2.13 where the post-pluck movement can be seeentain constant. The player

however had a very clear perception that he wamtdsomething different”.

Radley College (Chapter 7.4) has a larger organFasnd.4.3 very clearly shows the
characteristic shape of key and pallet movementotisirated on the model organ
(Fig 6.24). The spectrograms in Fig 7.4.25 show veay differently perceived key
movements are not reflected in the sound enveldpeattempt to accent a note by
moving the key faster (Figs 7.4.28 and 7.4.31) shthat this simply did not happen.

The note was, however, elongated.

A similar exercise to the one at Rose Hill (Chapt&) in which the organist played
a sequence of notes with increasing key speed peadthe same result at Radley
College (Fig 7.4.34) — the key speed reached ataonby the fourth movement out
of eight. A student at the college played more cletdly when trying to play slowly
because the pre-pluck movement was elongated angltick occurred late in the

note.
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At St Margaret’s Ipswich it was again possible kacg sensors under the pallets and
Figs 7.5.3 to 7.5.5 shows the characteristic slfipiee key and pallet movements. A
comparison between a Bach Chorale Prelude andrBaerl Toccata (Fig 7.5.24),
which the organist believed would result in verifatient key movements, showed
an elongation of the pre-pluck movement and a sigwiown of the final part of the
key movement in the Bach, but very similar inifialst-pluck movements.

St Mary’s Haddington is a relatively new organtie North European style (Chapter
7.6). The results here, again, show that variationstyle produce significant
differences in the pre-pluck movement that areeeitiotally absent or very much
reduced in the post-pluck movements (Fig 7.6.7in8icenvelopes and spectrograms

do not reflect the variations in key movement.

All Saint's Epping Upland (Chapter 7.7), a fairlynall organ, showed distinct
differences in pre pluck key travel between notesg (7.7.7) as well as distinct
differences in pre-pluck times. The organist caesity moved the keys more

slowly in staccato (fast) playing.

Carlops Chapel was the smallest organ investigdiatieven here the difference
between slow and fast key movements could be seba predominantly in the pre-
pluck area even though there was only about 0.5pmapluck movement (Fig 7.8.2
etc). The sound envelopes do not reflect the keyements. In “expressive” playing
some of the pre-pluck movements are relatively land not always reflected in the

post-pluck movements (Fig 7.8.13).

The organ at the St Stephen’s Centre in Edinburgh selected because it has a
Barker lever on the Great organ. The purely medaiSwell organ showed the now
expected characteristics (with the proviso thatdbeond sensor was measuring the
movement of a tracker outside the windchest) (F@9J. The results using the
Barker lever were less conclusive (it was knownt tthés action needed some
overhaul). Fig 7.9 20 shows that the tracker starteove at the very end of the key

movement.
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Some of the authors quoted in Chapter three (dMdgjson etc) clearly understood
what was happening to the pallet, and describe Wappens when the key moves
through the pluck point. They did not, however, btts up with experimental data

and many organists continued to believe that tloeydccontrol the pallet.

Norman (1966) suggests that a well-voiced pipecsnWwind pressure and open toe
voicing “no doubt” allows some control of the in&ion. Again, this is an area for
future study but the results of this study sugdkeat the player does not vary the
speed of key and thus pallet movement greatly duactual performance. A

sensitive pipe on a light action may well respomdareful movement of individual

keys, but none of the players in this study co@ohdnstrate any systematic variation
of transient. Changes in a “sensitive” pipe mightdue to random slight variations -

this needs to be ascertained.

The result from the model (Fig 6.24) shows thatehs only a very small part of the
key movement between the pallet starting to opeth tae pressure in the groove
reaching a maximum in which there is a theoretpas$sibility of exerting any

control over the pallet.

Specific conclusions

The results from the measurements in this papleentan a variety of organs using a
number of organists, most of who believed that theyld control the pallet to a

meaningful extent, lead to a number of clear caiohs.

The first conclusion is that organists do vary Wy in which they move the key.
This does not however mean that they vary the wayhich they move the pallet or
even that part of the key movement that contradsptlllet. Their perception of the
variations that they were making did not alwayseagwith what they were actually

doing.
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The second conclusion is that the pallet does regtigely follow the key. The most
important factor here is pluck. Even in short aigidractions, the measurements
showed that there was a movement of the key hedbeaaction flexed up to the
point at which pluck was overcome. The key themtastmoving more rapidly and
there was no indication that the players couldigantly slow the key down before
it hit the key bed. A typical time of travel of alfet was 30 ms. For the player to
control the pallet, he would have to reduce theddhat he had been applying to get
through the pluck during the first part of this reavent. The International Amateur
Athletic Federatioh considers that a reaction time for runners off lileek of less

than 120 ms indicates a false start.

The third conclusion is that the variation in thayer's movements was almost
entirely in the part of the movement before thdgpatarted opening. This may very

well influence how they “feel” about playing the sitibut it has no audible effect.

The fourth conclusion is that the variations inlgtamovement that were observed
did not have an audible effect. None of the playeasild give an audible

demonstration of variations in sound.

The fifth conclusion is that there is only a vemnal proportion of the key
movement, between the pallet starting to open dmed pressure in the groove

reaching a maximum, in which control of the transmmight be possible.

The sixth conclusion is that those few variatiamsaund that could be observed did

not appear to be related to the key movement.

The seventh conclusion is that the speed of clogiagpallet had little effect on the

closing transient even in extreme cases.

' IAAF]
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The eighth conclusion is that players clearly \@tige rhythm of playing when they
were asked to vary the speed of moving the key.

The ninth conclusion is that there appears to b@msition from playing with the

fingers to playing with the whole hand or arm abaweertain speed.

The excess force required due to pluck means lieaptayer can keep his fingers in
contact with the keys with the certain knowledgat the will not move them, whilst
keeping the force required to move the key afterclplhas been overcome to a
comfortable level. The same end is achieved onlestrie keyboard by making the
contact point a third to half way down the key'avil. This means that the player
can “feel” the key by moving it slightly, again Wwithe certain knowledge that the
note will not sound until he wants it to. The preetof superimposing artificial
“tracker touch” on standard electric keyboards rbayunsatisfactory because the
tactile feedback no longer coincides with the aledifeedback but this needs
investigating. A typical electric keyboard also Kacthe inertia of a mechanical
action.

The overall conclusion is that there appear totmgacteristics of mechanical organ
actions that give important feedback to the pldoygrdo not necessarily influence the

sound.

Further work to be done

There is clearly a great deal of further work ttaild valuably be done.

There appears little doubt that organists emplsigadefer mechanical actions unless
they are too “heavy”. Given that they have littlentrol over the pallet, it would
appear that it is the tactile feedback that isoait Experiments to determine whether

there is any consensus as to the most comfortableurst of pluck should be

undertaken. This could be combined with an analysis other important
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characteristics such as key force, EDM and frictsimce there is a compromise

between flexibility and mass.

If is possible to identify the characteristics tlaganists need in order to play
“musically” it may be possible to superimpose thesean electric keyboard in order
to provide the best compromise when a mechanid¢aracs not practical. Bicknell

(1997) states that it has not been possible toldp\an electric switch that operates
at the beginning of the key movement. This may fogreat importance to producing

a good electric action and should be pursued.

All the work in this project has been limited tcetlaction itself. In practice, the

player’s finger may bend as well and this couldrisasured.

Measurement of the time that it takes for a pldgeeact to going through the pluck
point should be undertaken by using a force tracesdand measuring the reaction

time to a stimulus similar to pluck.

More extensive tests on organs with unsteady wystesns should be undertaken in
order to establish whether changes in the transientiue to random fluctuations of
pressure or the effect of the timings of adjacen¢s

Tests with fully proportional actions may indicathether the ability to control the

transient may be a potentially useful factor inasrglaying.

In general, the pipes of a mechanical action oeganof necessity, relatively close to
the player. The effect of a significant time detaythe sound might help indicate to
what extent the audible feedback is important.

There may be other things that give the playemgréssion that what he is doing at

the keys is changing the sound that is being prediu€his may include more action
noise when a key is hit harder.
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The effect of friction on action components and hibmight be minimised should be
investigated.

The exercises undertaken in this project were éichiby the instruments that were
made available. More work should be done on lagggans in particular and on
organs with assisters of various sorts such asbiales.

No consideration was given to how differently valggpes might affect the outcome
although the variety of organs examined did notgest that different pipes had a

significant effect.

The instance of the player playing in a more detdolvay when attempting to play
legato (section 7.4.3.4) should be studied further.
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Appendix 1

Specifications of the organs

Rose Hill Methodist Chapel, Rose Hill Oxford

This organ is believed by its tuner, John Baileishop and Son, to have been built
by Hill around 1845. The pedal was added in 191B@R). The manual compass is
C-f354 notes and the manual action is mechanical.

Stopped Diapason Bass 8
Stopped Diapason Treble 8
Dulciana 8
Open Diapason 8
Principal 4
Twelfth 22/3
Fifteenth 2
Pedal Bourdon 16
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Reid Concert Hall of the University of Edinburgh

The following description is reproduced from thaflet published by the University

of Edinburgh with permission.

The firm of Jirgen Ahrend [of Leer, Germany], remed for the sensitive
restoration of historic instruments, built the organ the University’s Reid Concert
Hall (opus 98) in 1977-78, in consultation with ®ewilliams. It remains, at the
time of writing, the only organ by this firm in théK. The instrument derives
inspiration from early 18th-century German modelse two manual divisions are
separately encased, but the pedal pipes are indudethe Hauptwerk case. The
pedal board is straight and flat, the Ruckpositiopshandles project from the case
behind the player, and there are no aids to registn. The unbushed mechanical
action is of exceptional refinement; the voicingdisect and clear, yet full of

subtlety.

SPECIFICATION

HAUPTWERK RUCKPOSITIV

Praestant 8 Gedackt 8

Hohlfl6te 8 Praestant 4

Oktave 4 Rohrfléte 4

Spitzfléte 4 Waldfléte 2

Nasat % Quinte n

Oktave 2 Sesquialtera (from tenor
G)

Mixtur V-V Scharf v

Trompet 8 Dulzian 8
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PEDAL
Subbass 16
Oktave
Oktave
Posaune 16
Trompete 8

Compass: manual C-f’; pedal CC-F
Tremulant to whole organ

Pedal coupler to Hauptwerk

Manual shove-coupler

Unequal temperament
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Specifications

Radley College, Radley, Oxfordshire. Chapel of St

Peter.

The organ was built by William Hill and Son and N@n and Beard Ltd (Hill,
Norman and Beard) in 1980. The manual compass i®&% C to %and the pedal
compass is CC to g. The pedal action is electric.

Pedal

1 Double Open DiapasoB2 ext 3

2 Open Diapason 16

3 Sub Bass 16

4 Bourdon 16 From Great

5 Principal 8

6 Flute 8

7 Quint 51/3

8 Fifteenth 4

9 Nachthorn 2

10 Sesquialtera i 17.19.22

11 Trombone 16

12 Trumpet 8 ext1l

13 Clarion 4 ext 11
Choir

14 Stopped Diapason 8

15 Principal 4

16 Chimney Flute 4

17 Nazard 22/3

18 Gemshorn 2

19 Tierce 13/5

20 Cymbal IV 22.26.29.33

21 Regal 16

22 Cremona 8

23 Tremulant

24 Trompeta Real 8 en chamade
Great

25 Bourdon
26 Open Diapason

16
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27 Stopped Diapason

28 Principal

29 Wald Flute

30 Fifteenth

31 Sesquialtera

32 Furniture

33 Posaune

34 Tremulant
Swell

35 Open Diapason

36 Gedact

37 Gamba

38 Voix Celeste

39 Gemshorn

40 Stopped Flute

41 Piccolo

42 Larigot

43 Mixture

44 Contra Fagotto

45 Cornopean

46 Tremulant

East
47 Dulciana
48 Open Diapason
49 Flute
50 Gemshorn
51 Fifteenth
52 Mixture
53 Trumpet

Specifications

4
4

2

i 12.15.17
I 19.22.26
8

_,;.hoooooo

2

11/3

IV 15.19.22.26
16

8

Separate floating division on electropneumatic thes

16
8
8
4
2
11
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St Margaret’s Church, Ipswich, Suffolk
This organ was built by J W Walker in 1858. The malrcompass is C td’@nd the

pedal compass CC to f

Pedal 1 Open Diapason 16
2 Bourdon 16
3 Principal 8
4 Trombone 16
Great 5 Open Diapason 8
6 Stop’d Diapason 8
7 Principal 4
8 Lieblich Flute Metal
9 Piccolo
10 Mixture 1
11 Trumpet 8
Swell 12 Double Diapason 16
13 Open Diapason 8
14 Echo Gamba 8
15 Vox Angelica 8
16 Stop’d Diapason 8
17 Principal 4
18 Fifteenth 2
19 Mixture I
20 Horn 8
21 Oboe 8
Choir 22 Dulciana 8
23 Gamba

24 Lieblich Gedackt
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25 Lieblich Flute
26 Flute

27 Clarionette & Bassoon 8
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Specifications

St Mary’s Church, Haddington, East Lothian

The organ in St Mary's Church Haddington was bioyltLammermuir Pipe Organs

of Oldamstocks, East Lothian and completed in 199@. manual compass is C o g

and the pedal compass CC to f.

Pedal

Hauptwerk

Ruckpositiv

Principal
Subbass
Octave
Mixture

Fagot

o 01 A WDN P

Trompete

7 Principal

8 Chimney Flute
9 Octave

10 Spill Flute

11 Quinte

12 Octave

13 Mixture

14 Cornet

15 Trompete

16 Gedackt
17 Principal
18 Clear Flute
19 Nazard

20 Gemshorn
21 Tierce

22 Larigot

23 Scharff

24 Crumhorn
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All Saints, Epping Upland, Essex

The organ in All Saints Church (CoE) started ouh &srrel organ by Bevington but
has been extensively rebuilt since. The manual essijs ¢ to¥and the pedal
compass CC tof

Pedal
1 Bourdon 16
Principal
3 Fifteenth 4
Great
4 Open Diapason
5 Stop’d Diapason 8
6 Principal 4
7 Chimney Flute 4
8 Fifteenth 2
Swell
9 Gedact
10 Salicional
11 Octave 4
12 Mixture 1]
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Specifications

St Stephen’s Centre, Edinburgh

The organ was built by “Father” Henry Willis in 18The manual compass is C to

¢® and the pedal

Pedal

Great

© 00 N O O B~

10
11
12
13

Swell
14
15
16
17
18
19
20
21
22

compass CC to f

Open Diapason
Bourdon

Violoncello

Double Diapason
Open Diapason
Open Diapason
Claribel Flute
Principal

Flute Harmonique
Fifteenth

Mixture
Bombarde

Clarion

Lieblich Bourdon
Open Diapason
Lieblich Gedackt
Salicional

Vox Angelica
Gemshorn
Flageolet
Cornopean

Hautboy

16
16

16

16

mmmbmmmm
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Choir

23

24
25
26
27
28
29
30
31
32

Vox Humana

Lieblich Gedackt
Claribel Flute
Dulciana

Viola da Gamba
Gemshorn

Flute Harmonique
Lieblich Flote
Piccolo

Corno di Bassetto
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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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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,

333




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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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
N ' " e T
Fal 'F oot - T
- \ 3N TAPE = 267 VCE=50¥ fresng':.n MRS
_ . _ REFLECTOR = M TABE = 267
3 2 ’ { 3
E 2 o0 it E
‘ i P25
3 3 o 2w
5 £ ! g
H 5 &
: £ - i
i 9 \ !
Kl L o
wl— N\
Liooustoncs ] {
° RODAR #0% CARD w
M 5 w 15 25 ] 1000 13,000
IF—INPUT CURAENT (mA} o — DISTANCE YO AEFLECTIVE SURFACE tmm) AL — LCAD RES{STANCE )

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.

Figure 4 Reflective object detection
AUJUST SENSITIVITY
Y Qe 1 / . o
Fun R
1N4148 " W
2008 - . | donm et &
2k | D
L] O
|- 1 307 843 306 -128 " INIOEH
REFLECTING ] & el al =z
SURFACL : 3
! AN
Loo_f! A
g
ov o
Applications
Figure 8 Reflective object counter
+5Y O ADULSY
l | seasiea Ty
" 13 220R
[ —f 1a~——l
— 2 15+ —_—H2
oo i_! aco i
auTeLTS ;«13) ] 4H—y GuTPUS “431 I 144 ~
hd = 1IHA —a — 1Y :
§ an REELECTIR
e Bl " BUMLATE
HE 1 6 H
I
b7 104 47 10H—
e |
ue 2 g 254 o 4 0901
586 992 w6 992
CLEAR IN2904
ov O

340

Data sheets

e



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
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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. ¥
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