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Thetreatise of HerwArnaut de Zwolfec. 1440 has triggered much interest in the circles
of Mediaeval and Renaissamgandogy since its publicatiby Le Cerf and Labarfde

in 1932and its facsimile edition by BSrenrdittag in 1972This is hardly surprising,

as the treatis# Arnaut provides most of the informatiwe haveoday on the

emergence of strung keyboartrumentsetween the Middle Ages and the
Renaissance tine Duchy oBurgund§:

A number of attempts have beeade at reconstructitige strungkeyboard
instruments described HegnrirArnautde Zwollen his treatise, including recebtly
Jack Peters, Philippe Humeau, Andreas Hermert, Paul Cal&ennoldson,
DavidBoinnardGregorBergnann andothermakers.

During 2019at the request of a Bavarian custphterilt a clavisimbalurbasedn the
drawing imMrnautOs treafisEhecustomerequested a clavisimbalum with the fourth
type of action described by Arnaitwith hammemechanisfn The purposeof this
project was tbuild a clavisimbalum that vedused in actual musicaagtice rather
than primarily adncingthe corpus of oanology knowledge regarding the original
instrument.

The present pap&r a companion to the instrument itself, presented at the
45" Clavichordtafi¢éhe Deutsche Clavichord So&¢ase iseptembe20191t provides
technicatlgails about the realisation of fhieject started and completed in 2019.

| am gratefuor their supporttheirassistance atigeirkind co-operationto
Dr. AndreadDefreggerDr. AlfonsHuberand ProfDr. Heiko Harsjosten.

! MAYER BROWN, HOWARD, Arnaut de Zwolle, Héfre New Grove Dictionary of Music and Musicians,
1980, reprint 1995, Vol. 1.

2 e CERF, GEORGES- LABANDE, EDMOND-REN{, Les traitZs d'Hekmaut de Zwolle et de divers anonymes
(ms B.N. Latin 7295), Paris, Augjasirel, 1932.

3 Les traitZs dOHPemault de Zwolle et de divers anonymes (Paris: Bibliotheque Nationale, ms. latin 7295). Faksim
der Handschrift und kommentrierte tbertragung mit einem Nachwort vidoderaiestis Mesicelogica,

[1/4. Kassel, 1972.

4The Duchy of Burgundy extendadhe mid1400iesrom ChalorsurSa™ne to Friesland. As is well
known, the Dukes, especially Philip the Good {18981467), were important patrons of the arts,
including painting, e.g. JamEyck, Rogievan derWeyden, Hanslemling, and music, e.g. Gilles

Binchois, GuillausmDufay.

® See on page 4 below a reproduction of page 128 of ArnautOs treatise.

®see e.d.ESTER JOHN, The Musical Mechanisms of Arnaut,dehgvmitish Harpsichord Magazine,
EHM Vol. 3, nj3, 1982, p. 38..
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Main featuresand dimensions

Features according to Features of the2019
ArnautOs treatise interpretation
Disposition 1x80 2x80
Span H - a2 chromatic H - a2 chromatic
Pitch ? 415D440 Hz
Overall length (without keyboard) 13 units& 863P87.0cm 102.0 m
Overall length (with keyboard) & 14 units& 93.0D93.7cm 111.5m
Length of cheek 4 units& 266D26.8cm 370 an
Width 8 unit® 53.2P53.6cm, case | 58.0 cm
walls not included
Width of keyboard 8 units& 53.2D53.6cm 50.4cm
Height more thar& 15 an 17.5cm
Materiabf case ? Cypress, poplar
Material of soundboard ? Spruce
Material of wrestplank ? Oak
Material of bridges ? Wild cherry
Material of strings Iron or brass Brass 70% Cu, 30% Zn
Roses 5 3Bbparchment

The OunitO, or OmoduleO, used by Arnaudléfinet in his treatisa value betvemn
66.4mmand 66.9nm has been retained Heltehas been determinad follows, from
the width of thaenatural®f the organ painted on the Altarpiece of Ghent (c- 1420
andfrom the width of th@aturalof the Urbinoclavichord (c. 1470)
1. Thewidth of the naturdeys of the organ painted by the brothers van Eyck on
the Altarpiece of Ghent, has been deterdhto be25.5 mm, intekey included.
2. TheStichmafs the Urbino clavichofds 532.0 mm, which yieldsvadth of
individual natural keg$ 25.3 mminterkey includedrhisisin excellent
agreement with therganof the brothers van Eyck
3. From nowon,wewill assume that such width might be transposed to the
clavisimbalurdrawing, which was drafteg Arnautataclosedate in a similar
culturalcontextand, for the van Eyck orgamthe sameucal couttThis
assumptiolseersreasonable.
4. One camowsum up thessumewidths of the21 natural keys the
clavisimbalumirhisgives a keyboarddih between 5318m and 535.61m
for the clavisimbalum.
5. Dividingthe keyboard width obtathso farby § for the eighinodules, one
gets, foeach module@ measureetween 66.4 di$66.9 mn?.

71t is worth noticing that such values are very close to 2.5 times (he2ibch 27.07 mnthat was in
use since th&dmonitio geneddliSharlemagne of 789 in most of France and related areas. This inch was
defined as onivelfth of theroyal foalso called OParis footO), meaduBagi8 cm.

8 K AUFMANN, MARTIN-KNUD, Le clavier ~ balancier du clavisimbalum (MWeasideiure de Clavecin du

XVe au XVllle siscl€1976), Musicologica Neolovaniensia. Studia 1, L-taiMauve, 1980:-57.

® VERBEEK, PIERRE, The Urbino clavichord re@isi@tvicordio X, Proc. of the VIII International

Clavichord Symposium, Magoa&10 September 2011, Ed. by Bernard Brauchli, Alberto Galazzo, Judith
Wardman, ISBN 9783-9076251-3, p. 2058224.

9 This value for the module is larger than that proposed by Stewart Pollens, 62.75 mm, quoted by
RENNOLDSON, CARL, The Clavisimbafuom the Manuscript of Henri Arnaut de12406(lly 2001,

revised April 2013), FOMRHI Quarterly, Comm 1765, (Fellowship of Makers and Researchers of Historic
Instruments FOMRHI). The module mentioned by Stewart Pollens is based upon theheitttyefdf

a late 18 c. virginal by Hans Ruckers






Keyboard/ key frame

Features according to
ArnautOs treatise

Features of the 2019
interpretation

Width of naturals (intédeey included) 25.3-25.5 mm 24 mm

Front part of naturabuchplates & 25.9926.1 mm 33 mm

Overall length of natural touchplates ? 101.5 mm

Lengthof sharpslocks & 23.8D24.0 mm 67mm

Length of natural keyslength of keyplank & 166.00167.5 mm 307mm

Width of keyboardt the front & 532P536 nm 504 nm

Width ofkeyboard at the rear & 532P536 nm 495 mm

Material of keylevers ? Lime

Thickness of keylevers ? 13 mm

Material of natural touchplates ? Boxwood

Material of sharp blocks ? Bog oalkwith bone tops
Keyframe None ? Poplar / cypress
Balance rail Iron wire Cypress, felt washers

For hisclavisimbalur®019, theustomehasrequested a keybodhdtwouldbe close

to those ohis other instrumegtmore modernwhich issignificantlyifferent thara

15" c. design. Hence, the keyboard layout hasalepted to this request: the width of
the naturals has been reduce24 mm (intekey included}the sharps have been

slightly chamferednd thdengths of both naturals and sharps have been incfeased.
keyframe and a balance rail have been ddaexitcome of those adjustments is that

the keyboard eventually resembles closelyFtethesh /Ruckers OstandardO keyboard
of the early 17c., as clearBuggested by the data on the table above and shown on the
photograph on page 6 opposite.

Hammered mechanismbArnautOsext

ArnautOgext

Free translation

Item ista clavis habet unam petiam colatiperisis
et oneratam cum plumbo

ut quando percutitur clavis et obviat obstaculo
superius prope cordas pecia illa saltat versus c

et postquam ipsaatigerit cadit, dataugd clavis
teneatur in suspenso

et habetrampinum sicut in clavicordied hic stat
ex tranverso

etper istum modum clavis potest fieri
clavisimbalum vel clavicordium vel dulce melos
omniasonabunt ut dulce melos

et si istanodo clavisimbaluguis componere

voluerit, oportet quodpeda> careat fundo, et eri
istapecia superior onerata plumbo, et reverberg
ad aliquid obstaculum

In the same way thigyhas gieceglued on the
upper part and weighted with lead.

In thisway when it is struck by theyand meets
an obstacle above, near the strihgspiecgumps
against the strings.

Afterit has struckhem it falls downthe key is
held suspended.

<The piece> haacrampinuniike in the
clavictord, but here iies sideways.

With this type of keyasnecanmakea
clavisimbalurnor a clavichord or a dulce melos, &
allwill sound like a dulce melos.

If one wants to build clavisimbalumf this typeit
is importanthat the<piece must be detached
from the bottom, and that this upper pieuestbe
weightedvith lead, and will rebound agathst
obstacle.







Hammer mechanismb2019 interpretation

The text of Arnaut on the fourthodyshe striking mechanisins notvery explicit; it is
therefoe open to speculatiaand interpretation. However it is possible to find very
simplemechanisms that would comply witd description chrnaut and his drawing,
the simplest beirayfree verticahngentat the end of each key on the keyb&aiten
the key islepressed, thangentisestowards the string and strikeThe escapmenis
obtained simply the conjunction of two design featuresarfajbstacle stopping the
movement of the key upwardsd (b)thelength of theangentadjusted in such a way
that the tangenbose contact wit the string by gravityust after havingtruck it

It is that basic mechanighathas been retained for our interpretation, albeit with the
addition of an interadiate levekVe tested the simplest mechanism without an
intermediate lever, and its poor kinemaadgdean extremely direct keyboard touch
and to a rather weak soufitle reflections lead tesadd this intermediate lever

The photographsn page8 show the solution developed for our reconstrudtias.
very similar tahe TangentenflYgalechanisndevelope@®5S0years latesy Franz Jacob
SpSth and Christoph Friedrich Schthahl

Tangents

In our reconstructiorihe tangent®hammers, realyaresmall sizedticks(approx.
5mm x 5mm x78mm)made in pear wood. They are guidedhlopper and a lower
register, made in a way similar to those of the Ruckers registers for hatpSeeords
the photographs of tangents and registers on pppese.

Dampers

The instrument has no dampérs;ompliance witArnautOdraving andwith

DenzilWraigh©s remafBei allen Mechaniken ist es wahrscheinlich, dass eine DSmpfung der
Saite nicht vorgesel@r Wais ensures the production of long, lasting tones when the

strings are struck by the hammeitsydhe tangents.

**ID1 STEFANO, GIOVANNI PaoLo, Tangentenfligel e altri pianoforte con martelletti non imperniati
Universit™ degli Studi di Roma OLa SapienzaO, Dottorato di ricerca in storia ed analisi delle
culture musale XIX Ciclo, 20081 Srerano, Giovanni PaoLo, The Tangentéyefland

Other Pianos with-Rmoting Hamméltse Galpin Society Journal, LXI, April 2008,

p. 79104, 24244!

*"100RIEN, GRANT, Harpsichord regjsteRsickers, A harpsichordirgnaial building tradition
Cambridge University Press, 1990, p.110.

*#IWRAIGHT, DENzZIL, Therlegungen zu Mechanik und Mensurentwicklung im Cembalobau des 15
Jahrhundei@as ...sterreichische Cembatb Affons Huber (Tutzing 2001), p-8&®






Scaling

The scaling ias follows, measured on oeronstruction:

H 867 mm
(o 839 mm
f 699 mm
cl 519 mm
f1 381 mm
c2 255mm
f2 191 mm
a2 152 mm

Stringing / tension

In accordanceith the practice on dulcimers, clavichords, etc. since the early days of
stringed instrumentse havelecided to select a doubteung design for this

reconstruction. Furthermore, as the strings of each choir must be capable of resisting to
the hammer impulsiowe have increased their diametdenparedo the usual thinner

strings of plucked instrumentheefore, we have applited following stringg

pattern for brass strings (70% C@ 3h bMalcolm Rose English brass).

H-d 0.56 mm
eb-b 0.52 mm
hbdl 0.48 mm

ebl bf#l 0.45 mm
gl1bbl 0.44 mm
hl1bd2 0.40 mm
e bf#2 0.38 mm
g2ba2 0.36mm

This yields a total longitudinal stress on the instrumappiax.6000 N.

Internal bracing and framing

In order to withstand a total load of approx.. 608@e\jave added to the case sades
system of internal bracing and framing.ph¢ographs of page 10 show the internal
framing in poplar before and after the assembly of the external case in cypress.




