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JOSEPH WILLIAM GOTTSTEIN MEMORIAL TRUST FUND

The Joseph William Gottstein Memorial Trust Fundsweatablished in 1971 as a
national educational Trust for the benefit of AaB#’s forest products industries. The
purpose of the fund i%o create opportunities for selected persons tQuae
knowledge which will promote the interests of Aal&n industries which use forest
products for the production of sawn timber, plywoocamposite wood, pulp and

paper and similar derived products.”

Bill Gottstein was an outstanding forest produetsearch scientist working with the
Division of Forest Products of the Commonwealthe8tfic Industrial Research
Organization (CSIRO) when tragically he was killed 971 photographing a tree-
felling operation in New Guinea. He was held intshigh esteem by the industry that
he had assisted for many years that substantedial support to establish an
Educational Trust Fund to perpetuate his name wasly forthcoming.

The Trust's major forms of activity are:

1. Fellowships and Awards - each year applicatamesnvited from eligible
candidates to submit a study programme in an anesiadered of benefit to the
Australian forestry and forest industries. Studyrsoundertaken by Fellows
have usually been to overseas countries but selvaval been within Australia.
Fellows are obliged to submit reports on completbtheir programme.
These are then distributed to industry if apprdprieSkill Advancement
Awards recognise the potential of persons workmthée industry to improve
their work skills and so advance their career peotp It takes the form of a
monetary grant.

2. Seminars - the information gained by Fellowsfisn best disseminated by
seminars as well as through the written reports.

3. Wood Science Courses - at approximately twolyéatervals the Trust
organises a week-long intensive course in woodsei¢or executives and
consultants in the Australian forest industries.

Further information may be obtained by writing to:
The Secretary

J.W. Gottstein Memorial Trust Fund

Private Bag 10

Clayton South VIC 3169
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EXECUTIVE SUMMARY

This report outlines the present use of Austratiative timbers in stringed
instruments and identifies species with the po#tiaind availability for utilization in
instrument construction. It also describes compbpeoduct quality criteria, as
required by instrument makers, and examines thesticocharacterisitcs of
Australian tonewoods both in laboratory tests anfinished instruments.

It is evident that many Australian tree speciesipoe wood with physical properties
suitable for use in musical instrument constructiorbacks and sides, soundboards,
necks, fretboards, bridges, and other componenigsetly a combination of global
decline in the availability of many tonewood speciemergent markets for ‘Forest
Stewardship Council’ certified components, andtthasfer and growth of instrument
manufacturing bases to south-east Asia, provid®wath potential for providers of
tonewood components.

Blackwood Acacia melanoxylorrepresents one species which has consolidated its
reputation both within Australia and abroad as advdass tonewood. Both in terms
of prices paid and the calibre of instruments liesng used in, blackwood has
emerged as a flagship for Australian timbers is tomain. A number of other
species have been embraced by luthiers domestaradiynave empirically proven to
be excellent tonewoods in a range of instruments.

In instrument back and sides, suitable timber ggeiciclude myrtle beech
(Nothofagus cunninghanjjiblack-heart sassafra&therosperma moschatuolpck
and silver wattleAcacia mearnsii and Alealbatg, satinwood Phebalium
squameury tulip satinwood Rhodoshpaera rhodanthem&ueensland maple
(Flindersia brayleyanaand mountain ashe(calyptus regnansamongst many
others. A range of high density and aestheticalgme drylandicacia spp have
provided excellent, stable material for fretboalitglges and other ancillary parts.

A number of species have proven to be excelleatratives to spruce and cedar
commonly used in soundboards. These include bumga(fsraucaria bidwillii) hoop
pine (Araucaria cunninghamii)King William pine (Athrotaxis selaganoideg)encil
pine (Athrotaxis cupressoidegjuon pinglLagarostrobus franklinii)Australian red
cedar(Toona australis kauri pine(Agathis robustpand ‘pines’ in thé?odocarpus
genus. Although functionally successful, the suitabilityseveral soundboard species
for larger scale production is uncertain givenltiméted availabilty of the remaining
resource.

With appropriate management, a number of otheriespéave the potential to provide
both continuity of supply and product quality iretholumes required for medium
scale manufacturing. The use of both mountain §pideaash in backs, sides and
necks opens the door for the examination of a rahgative forest hardwood
resources in this role.

The management of regrowth forests in Tasmaniasiing on the production of
relatively fast-growrAcaciaspecies, also provides a potential future resource
separated from tropical hardwood production bydretefined and regulated forestry
management.



A reference is given of many species currently yeeduitable for use in, luthierie,
with some preliminary data on their wood and adoysbperties. An additional
evaluation in collaboration with Maton Guitars, exaed relationships between the
sound characteristics of instruments, and the tranian wood properties of bunya
pine soundboards used in their construction. Itatestrated the potential to produce
high value and acoustic quality instruments fromide range of wood properties
evident within bunya pine

The listing and testing of timbers in this rep@presents a preliminary step in the
evaluation process. The species listed are nossaaty endorsed for a particular use,
or species omitted unsuitable for use in instruncenistruction. Whilst a species may
produce material useful for a specific purpose vidrgability of wood as a raw
material, the stringent quality demands of instranbmeakers, and the variety of
instruments being made, demands assessment ofiatgtergreater detail. The report
will hopefully function as a reference for both pessors and luthiers in identifying
species which may provide tonewood material, probduality criteria and some

wood properties on a number of species.
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1. INTRODUCTION

The production of solid wood components for musiesiruments (tonewoods)
represents a typical low volume, high unit valuésation of forest resources.
Importantly in this case, high prices are maintdife short product lengths in
contrast to many appearance grade markets whegth&eless than 1.8 metres would
be subject to significant discounts.

In just two plant genera, Australia has around gj€cies of eucalypts (Brooker &
Klienig 1994) and over 900 hundred species inAbaciagenus. The south-west
region of Western Australia alone has over 300 encl@caciaspecies (Australian
National Herbarium 2008). A number of these an@odpecies have been used in a
variety of instruments with excellent results.

The potential of Australian species as tonewoodeendent upon an understanding
of the narrow range of wood properties and aesthetjuirements of specific
instrument components, and subsequent evaluatidisio woodworking properties
and empirical assessments in the hands of skillgnikeks.

Embracing new materials may also require modiftcetito design principles,
aesthetic expectations, and preconceptions asxorfstruments should sound.

Several Australian species are currently provigiogponents into this market, with
timbers such as blackwooAdacia melanoxylon bunya pineAraucaria bidwillii)
and Queensland maplElindersia brayleyanpbeing widely utilised by luthiers
throughout Australia, and in the case of blackwdbchughout the world.

There has also been considerable growth in thefuaastralian timbers as both a
raw material and in finished instruments, both dsiically and from export markets.
The product is separated in the market becauseeitdemic to Australia and
increasingly by end-users seeking alternativesojmdal hardwoods because of
scarcity of supply and concerns with harvestingticas. Restricted supply of many
tropical hardwoods has also driven price increasesiting opportunities in the use of
‘alternative’ woods in instrument making.

The terms ‘traditional’ and ‘alternative’ as appli® tonewoods are merely an
indication of the usage of one species precedioghan. If functional and aesthetic
requirements are met, many species may be integekan

The transition to materials obtained from new specequires time for manufacturers
to adjust to different material properties, optiatisn of their use, but also an
investment in establishing new product credibilityan area where timber species and
quality may override brand loyalty.

The profitability of providing products into thisarket requires a thorough analysis of
process cost information, industry competitiversass value chain models, to
quantify the product quantities, prices and costaiked in delivering final products to
the marketplace.

Whilst it is beyond the scope of this report to emdke such a rigorous economic
analysis, it will hopefully provide a practical eeénce in terms of what species can
provide such products, and processing strategigshvitilfil end-user criteria.

The information presented on the current usagerwwoods, emerging markets, and
the prices paid for products, toward the valuerclesid, may assist processors to
make basic comparisons with other value adding dppiies.



1.1 Background information

1.1.1 Tonewoods

Luthiers (stringed instrument makers) place gnegtartance on the selection of
tonewoods, particularly for use in soundboardss}opacks and sides, bridges, necks
and fretboards of instruments (see Figure 1).

The term tonewood is used to describe instrumens pahich contribute to the final
sound quality and in the context of this projedt e confined to the above-
mentioned components.

String Pegs

Saddle
Sound Hole Neck Head Stock

Fretboard

==

O H_'_"i\_f_/"_'—r N;:—Fi_i

Frets

Tuners

) (Machine Heads,
| Pickguard Tuning Keys,
_ Tuning Machines,
Bridge Pegheads)

Body

Figure 1 Diagram of an acoustic guitar

Tonewoods in their widest application would alsdude material used in solid body
electric guitars, piano soundboards, harps, fliigephones, violin bows, castanets,
drum sticks and mouth organs, with each requirisgexific set of wood properties.

A hierarchy of importance is attributed by luthiarsd scientists to the ‘acoustic’
contribution of instrument parts, with the soundido@tringed instruments) usually
ranking foremost in most appraisals.

1.1.2 European tonewoods

With the development of modern luthierie in Eurogpe, choice of materials initially
focussed upon, and refined the use of, speciedwince both locally available and
acoustically functional.

The use of European spructidea spp), for soundboards, and maple/sycaméeef
spp) for the back and sides of violins, was a conseaqa of this process, and has
produced countless examples of fine instrumentsrasult of both the inherent
potential of the raw materials, and the many yspest refining their use.

The several spruce species used in soundboardsgerath appealing and responsive
instrument, particularly in the middle to highezduency range in which
listener/player appraisals are often biased toward.

The success of spruce as a soundboard timbergdsrit a number of well-
understood (and measurable) wood properties, wdanotbe used to guide the
selection and evaluation of alternative soundbsaeties.
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These characteristics result from the structurgpofice at an anatomical level,
producing a material with high along-grain stiffeeslative to its mass. However the
characteristic sound of spruce as a species, wisistbecome somewhat embedded in
the player’'s mind, may also present an obstadkearacceptance of soundboards
produced from other species, which will producefeiént sound as a consequence
of a different set of underlying wood properties.

1.1.3 Tonewoods from the Americas and Equatorial Forests

As luthierie extended, and is today an internatienaeavour, it has been empirically
demonstrated that many additional species canatedgually pleasing (yet different)
results.

Combinations of a variety of American spruce artbhcesoundboards, with tropical
hardwoods such as the rosewoddalbergia spp), mahogany{wietienia spy),
granadillo Buchenvia capitateand koa Acacia koa have been widely utilised to
produce many fine classical, flamenco, steel-stguigars and other instruments.

The use of North American walnut and cherry in aetg of instrument back and
sides has also proved successful.

The more recent use of African timbers such asleapeangkol and bubinga as
rosewood substitutes, have emerged as a resdswictions in the availability and
rising cost of manyalbergiaspecies.

Many other hardwood species from both tropical imaperate forests have been
used in instrument back and sides, necks, fretlspart bridges, with a combination
of resource continuity, quality and cost, determgnmanufacturer’s preference of
material choice. These species have been embrac#tefr functionality and
aesthetic qualities, demonstrating the potentiahfternate species to be utilised in
many instrument types.

1.1.4 Tonewood markets

The annual world-wide production of solid wood puot$ specifically for use as
tonewoods is difficult to quantify. Whilst a numhbmrprocessors cater specifically to
this market, material is often sourced opportucadty from conventional processing
streams and also from illegal harvesting. A redamtralian Institute of Criminology
report (Ecos 2008) estimated the illegal timbedérrom the Asia-Pacific region
alone, at around $2 billion. The report estimat@g&rcent of timber exported from
Indonesia and 35 percent from Malaysia is souroad fllegal logging.

Estimations of tonewood usage are therefore ble#teed upon the collective intake of
larger instrument manufacturers. Whilst this infation is disparate, and often the
subject of commercial confidentiality, it is podsilto envisage volumes involved
based on available information.

South-east Asia

China has become the principal manufacturer of caligastruments in the world,
with around 70% of guitars and pianos now beingearthdre. By focussing on the
Asian region, a reasonable estimate of tonewoogdeusaluthierie can be made.
World-wide, in the production of guitars alone a@&sical, acoustic and electric) it is
estimated that around 2.2 million units are produmenually (American Forest and
Paper Association 2004). A guitar is made of appnately 90% wood, so volumes
of solid wood components are far from trivial.
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In order to put the volumes used within Chinesgéagunanufacturing into
perspective, Indonesia produces over 600,000 &exrtd acoustic guitars into US,
Japanese and European markets.

The Indonesian production requires approximatedp@ ms3 of solid wood products
per year in the production of the back, sides aids of guitars. Another 4,800m3 is
used for necks, neck blocks, soundboards and arncpharts, representing a total of
around of 9,600 ftin guitar production alone (United States Departnaén
Agriculture 2002).

Based upon these figures the current Chinese ptiodueould require in excess of
double the Indonesian intake of 9,608imthe manufacturing of guitars alone.

In South Korea, the musical instrument industrihesthird largest end-use market for
wood products. In 1990, musical instrument produrctvas estimated to be $475
million, with approximately 50% being exported (@enfor International Trade in
Forest Product$994). The Korean forest products industry hasttcamlly relied on
tropical hardwood species, however log export iegins in S.E. Asia have reduced
tropical hardwood log imports and forced the redtrting of the wood processing
industry. As a result, it is expected that the dednfar high quality wood and veneer
from both hardwoods and softwoods is anticipatedd¢cease.

The distribution of the manufacturing base of lh®ned Cort Guitars across China,
Indonesia and South Korea, typifies growth of tirument making industry in the
region. Cort produces around 500,000 instrumemsalty from three manufacturing
bases, and through contract production for otherufsaturers, it produces around
25% of guitars globally.

The migration of industrial-scale manufacturingdsaom North America and
Europe into the Asian region has been inevitablanaimherently labour-intensive
industry searches for a lower cost labour source.

The process of leading manufacturers relocatingsia has initially involved
overseas production management overseeing loc&lensmrn order to maintain
guality control standards.

In the case of China, a by-product of this manufiaqit) presence has been a
‘technology transfer’ resulting in the developmehinstrument making precincts
with entirely local workforces, producing high gixainstruments from imported
materials. This is also occurring in other southtégsian countries in the production
of pianos, violins, violas and cellos.

Opportunities

Whilst this represents a competitive dilemma fer itistrument manufacturing sector,
it also represents a potential market for produoérgood-based products, as the
growth in this area is considerable.

North American and European manufacturers are tiwecip new resources with
several leading acoustic guitar manufacturers sgdigured Australian blackwood
for high-end instrument backs and sides. Thisdgcative of the acceptance of this
species both in mainstream manufacturing and atetiad end of the market.

The development and consolidation of new marketsmgingent upon a clear
understanding of the end-user’s requirements irrdbest represent a new species
in a market that has rigorous quality standardsisugdick to revert to familiar
materials. It is also important that there is cauty in product quality, and for
volumes and prices to match market expectations.
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1.1.5 Environment and resource management

Whilst the production of wood-based componentsriasical instruments represents
a small volume (less than 1%) of total forest patcwtput (Ellis & Saufley 2008),

the reliance on older tropical hardwood and sloangr temperate coniferous species,
makes the sector vulnerable to changes in foresageanent practices.

Today many tropical hardwoods are no longer readibilable as a result of CITES
(Convention on International Trade in Endangereelc#s) listing because of their
past over-utilisation, and present dramatic deslinedistribution.

This decrease in the availability of many tonewespdcies has given further impetus
to the examination of alternative timbers and thaeséved from forests with better
defined and implemented management practices.

Brazilian rosewoodDalbergia nigrg, a highly-esteemed tonewood for guitar backs
and sides, was already difficult to source in sué@aizes as early as the mid 1960’s.
An export embargo implemented by Brazil in 1969eg&ase to the widespread
adoption of Indian rosewoo®élbergia latifolid) as a substitute (Ellis & Saufley
2008). In 1992 Brazillian rosewood gained endartyspecies status under CITES
legislation further restricting its use.

The decimation of cam-labD@lbergia cochinensigh Vietnam also resulted from its
utlisation far exceeding sustainable levels, widngnhigh-value end uses competing
for this prized resource.

Hawaiiian koa Acacia koa a highly sought after material for guitars aneleles,
has been protected under a moratorium which prishi@dking it from government
land without a permit. Private land owners can sell, or store koa without
restriction, but its ongoing commercial utilisatisnunlikely

The resurgence in the use of Australian blackwdah¢ia melanoxylon both within
Australia and by manufacturers overseas, is ingtaibuted to its visual similarity
with koa, and its excellent tonal and wood workahgracteristics (Figures 2 & 3).

Blackwood is being adopted as a substitute fordédhe high end of the acoustic
guitar market and the demand for figured boardsdniaen price increases over
recent years.

13



Figure 2 koaAcacia koa guitar back and sides

Figure 3 BlackwoodAcacia melanoxylonguitar back and sides (Guitar made by
Jack Spira)
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Many Australian timbers, such as theacia spp silver wattle Acacia dealbaty
black wattle Acacia mearns)iand lightwood Acacia implexg although not widely
utilised at present, also have the potential tafiole (backs & sides) within
relatively short rotation times (around 30-50 ygarscontrast to many ‘traditional’
tonewood species (Figure 4).

Figure 4. Silver wattle log; 59cm large end diagnetf approximately 48 years
from southern Tasmania. (Phillips Sawmill, Geevest007)

Progressive large scale manufacturers have resgdaadaesource declines by
examining alternative species, modifying traditiotesigns (introducing 3 or 4 piece
backs) and marketing instruments made from ‘suakdé or Forest Stewardship
Council (FSC) certified components.

Four of the largest U.S guitar manufacturers, TiaWartin, Gibson and Fender have
responded to resource limitations and consumeedridemands, by forming the
MusicWood coalition. One of the aims is the produtof FSC certified instruments,
requiring 70% of the instrument to be made from evbarvested within the FSC
guidelines (Hay 2007).

Gibsons Les Pauls ‘Smartwood’ electric, Martinsstsinable wood series’
dreadnought and OM, Seagull, Art & Lutherie, Sinaordl Patrick, are all recognising
the implications of future resource restrictions #ime opportunities that this creates.
Stringed instrument manufacturing is also highlgetedent upon spruc®icea spp
for soundboard material, which generally requitesslin excess of 200 years of age
based on currently-preferred growth ring widths amol-piece soundboard
construction.
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The majority of sitka sprucé{cea sitchensjssupplied to the North American market
is obtained from old-growth forests managed bylolgging company Sealaska.
Although only around 150 logs are dedicated to dboard production each year, the
overall harvesting rate is anticipated to resuli shortage of large diameter logs
(required for two-piece acoustic guitar tops) withb-30 years (Leslie 2007).

Presently there is no FSC certification for sitkause logs preventing the
manufacture and marketing of ‘ethically sourcediwstic instruments.

The current availability of the nativiraucaria plantation resource (bunya and hoop
pine), presents manufacturers with an opportunifyasition a product (steel string
acoustic guitars) with perceived better environrakatedentials than other
instruments in the retail sector.

The production of conventional soundboard dimenpraducts (210mm wide
quartersawn) from the plantatidmaucariaresource may be achieved within 80-100
years, and substantially less if four-piece togsaaiopted.

Dryland Acacias

Declines in the availability of quality ebonRipspyros sppand rosewoods
(Dalbergia spp.used in fretboards and bridges (Appendix 3), basdsed attention
on a number of drylandcaciaspecies.

They are functionally and aesthetically the equaabf many timbers used as
fretboards and bridges, with many luthiers beliguimem to be superior in terms of
stability and aesthetic diversity. Their very hdgnsities, slow growth rates and
resistance to wear (high surface hardness), combuité a diversity of colour and
figure make them highly sought after by instrummiakers.

An interesting example is prickly acacrac@cia nilotica),introduced from Pakistan,
and now classified as a class 2 weed, infestingraéwillion hectares of the Mitchell
grass plains in Queensland.

Current Distrbhuton of
Prickly Acacia
fAcacis nilotice spp. indfice)

Prickly Apaola Iatrlaation
l:l Absant

Prasent

[ Lew Danmity

B Madian Derwity

Il Hioh Doneity

Diaty g vieln el ry -
8 0phm oD Natzad Resorroas (F388]
ags Pirjucat s Lamkan Coalieml Casle Dﬂlkﬂﬁwmwﬁm
O woAma DL, 010 & (128 mpmmcegrase Farzors & Cuthbsertscn (1982 or ather soom

Figure 5. Distribution oA. niloticain Queensland and Northern Territory. Source Qld
Dept. of Natural resources 1988
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Like many dryland species, the tree form is oftearpbut the wood is high in density
and comparable to other useful species such as@iaigd mulga.

The extensive distribution of prickly acacia shawrrigure 5 gives an indication of
the woody biomass at present. Expensive controborea may be partially offset if
even small volumes of tonewood products can bevetd.

1.1.6 Plantation resources

As the availability of large diameter, older foressources declines, the complex
Issues involving forest management, broader ecelsypteservation and the
allocation of resources that are harvested frorerahétive forest stands will impact
on all end users.

It is likely that finite resources will in the fute impose limitations on the mass
production of solid wood musical instruments, réeglin the increasing use of
composite products such as the laminated ‘stratiibcks on the Martin X-series
guitars, plywood veneer components, and the integraf plantation-grown
materials into the manufacturing process.

The past reliance on old, slow-grown trees, wipitsctically and aesthetically
warranted in many respects, will collide with tiuuire reality that the resource is no
longer available or prohibitively expensive.

Plantation grown wood properties from a given spewill be different from native
forest material, as a result of faster growth rates less genetic diversity within the
plantation. Changes in wood density and structtgekaown to affect strength
properties and consequently acoustic characteisfiboards. The magnitude of this
impact on instrument sound needs to be examined@sign solutions explored.

Shrinkage and swelling rates (unit shrinkages)afation wood may also differ

from slower grown resources, and need to be estaddiin order for manufacturers to
adopt such materials with confidence. Fundameetaarch at a species level is
required to quantify the wood properties of newotgses in order to optimise their
use.

Three or four piece backs and tops, using fastamgplantation resources with wider
growth rings, would require both a modified aesthahd a consequent engineering
adjustment by luthiers to the change in materiapprties.

Forward thinking in the establishment of plantasi@md management of existing
resources, may enable transitions to be bettereimghted.

Araucaria plantations

Australia has two native species in the@ucariagenus, bunya piné\(aucaria
bidwillii) and hoop pineAraucaria cunningham)j both with a history of utilisation
from plantation resources.

Whilst hoop pine continues to be planted and hasxasiting plantation area of
around 44,400 ha in Queensland (Huth, Last & Le2@§1), bunya pine is no longer
a designated plantation species, and plantatiensanfined to around 400ha
managed by the Queensland Department of Primanstrids and small plots under
private management (Huth and Holzworth 1998).
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Plantation bunya pine has been largely replacdaddigr-growing slash pin@inus
elliotii), Carribean pineRinus caribaea)hoop pine and hybrid species, which are
harvestable on shorter rotations (Huth and HolzZw&&98).

Plantation establishment is governed by a basio@oa rationale, where rotation
times (plantation establishment to harvest dat¢grmal rates of return, and
commodity product prices dictate site establishnagakt species selection.

The comparatively slow growth rate of bunya pind #re general overlap in target
products with faster grown species has contribtddde abandonment of its planting.

The relatively recent use of bunya wood in guitarrglboards and bunya nuts in
‘bush tucker’enterprises, has reignited the debatis future as a plantation species.

Bunya pines are more frost tolerant and margiriaBg fire sensitive than other
plantation species and could therefore be congidemesites where other species are
unlikely to thrive(Huth and Holzworth 1998).

Hoop pine is generally managed on rotations no¢eding 60 years, at which point
log diameters are below the requirement to pro@l€emm quartersawn boards. The
existence of well-established solid wood and plyd/geneer markets for logs in the
350-450 mm DBH range dictates current harvestiagtmes.

Plantation establishment and rotation times ardéirmgent upon the discounted value
of products arising over the number of years ofngho This will continue to be a
deterrent to potential investors unless it candraahstrated that high-value product-
driven longer rotations can be economically contivetiwith shorter rotation
commodity-driven scenarios. The use of narrowerenss in 3 or 4 piece tops and
backs if accepted in the marketplace would draralyiceduce harvest age, in both
native forest and plantation scenarios.

Both klinki pine @raucaria hunsteinjinative to New Guinea/lrian Jaya) and several
species of kauri pinéAgathisspp.also within theAraucariacaedamily) have been
previously established in trial plots in Queenslarke growth rates and form of both
species were reported to be good, however kaurswjgct to insect infestation and
klinki was reported to have been susceptible tavdamage. (Huth and Holzworth
1998).

Native forest klinki pine in particular, has wooeahanical properties and a density
range likely to be of use in acoustic guitar sowatds. Given material from
plantation-grown bunya pine has demonstrated ytilisoundboard production other
plantation grown species may also be useful inrgggard.

Interestingly the recently discovered ‘fossil’ tieellemi pine {Vollemi nobilis also
within theAraucariacaedgamily) may also be a candidate for future uttiiga in this
area.

Acacia plantations

Traditionally blackwood and black and silver wattigs have been primarily sourced
from native forests in Tasmania and the Gippslarti@tway regions of Victoria.
Restricted access to resources in the Otways (wkjmtesented 89% of blackwood
logs in Victoria), and the transfer of productiamdst in Tasmania to reserves, has
seen the establishment of silvicultural manageroérggrowth stands and pure stands
in plantation situations.

Although blackwood is susceptible to browsing mpiais and requires genetic
improvement and management to ensure good stemaiodnclearwood logs, it has
demonstrated potential in plantations both in Aalgtrand overseas (Beadle 2006).

18



Preferences for material from older slower grovees$rwill generally produce boards
with the colour preferred by makers, however fagtemwn plantation material which
tends to be lighter in colour may also have a piadature markets.

Figure 6 shows a classical ‘Fleta’ style guitaligitig a young fast grown blackwood
tree (around twenty years) in the back and sidéboAgh lower in density than
material commonly sourced from older trees, thedvexibits both good colour
variation and fiddleback grain, characteristicdhlygegarded in luthiery. Most
importantly the sound quality of this instrumentsnexceptional (King William pine
soundboard) indicating the potential to incorpoeatange of wood properties with
appropriate ajustments to instrument construction.

Figure 6. Wood from a twenty year-old blackwoodduseclassical guitar back and
sides. Photo courtesy of Thomas Lloyd guitars, Methe 2009
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2. CURRENT DOMESTIC USE

The use of Australian timbers in luthiery is bymeans a new phenomenon. Fine
examples of instruments made prior to the SeconddWgar are a testament to the
recognition of the resources potential.

Pre-war violins have utilised King William pinAthrotaxis selaganoidgspencil

pine (Athrotaxis cupressoidgand huon pinelfagarostrobus franklin)isoundboards,
with blackwood Acacia melanoxylonor Queensland mapl&l{ndersia brayleyanga
backs and sides.

In more recent years the use of Australian spd@esroadened to include timbers
such as bunya pine, Queensland maple and Queengddmat, in larger-scale
manufacturing of steel-string acoustic guitars.

Timbers such as myrtle, black-heart sassafrasklalad silver wattle, Australian red
cedar, coachwood, silky oak, rose mahogany, mauatsh, messmate, Australian
rosewood, beefwood and many others, have beegadtiin limited amounts to
produce a variety of instruments of note.

The dryland acacias have been recognised ancedtiies the highly dense, stable and
richly coloured timber they produce. These desetbérs have been used in bridges,
fretboards, bushings, tuning pegs and bows bea#ubkeir unique wood properties.

King William and huon pine

Two species which have been used as a soundbo#edahare King William pine

and to a lesser extent huon pine. Both trees tymfy slow growth rate resources,
with in excess of 250 years growth generally respliio produce logs of sufficient
diameter for two piece guitar tops.

Whilst it is true that the huon and King Williarmi currently available, is primarily
obtained from the Tasmanian ‘hydro-scheme’ stoelspii.e. long dead trees) their
utilisation represents a one-off opportunity. Omgpusage is dependent upon the
stockpile size, as commercial logging is limitecsédvage of ‘downers’ (fallen
senescent trees) for either species.

The huon pine reserve is considerably larger tharKing William pine stockpile and
may provide material into speciality markets foe threseeable future (at current
rates of demand). The availability of King Willignme is less certain as the remnant
resource declines in both size and quality.

The limited resource availability prevents utilisatbeyond custom workshop or
limited-edition runs in production situations. Tiesource size also limits the volume
of the highest quality material required from dakrie viewpoint.

Naturally sustainable harvest of such slow growatle species requires rotation times
in the region of several hundred years. Even ifanable harvest volumes could be
established it is likely that luthierie would beeoof several competing end-uses of
regulated yields.
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3. SPECIES EVALUATED

As a first step in the evaluation process, a nurberstrument makers were
surveyed to present a summary of species curratilised, and as such a starting
point in the selection of material for intensivetieg. A copy of the survey is
included in Appendix 3. It also provided a bodyaotcdotal information regarding
the ‘empirical’ results of using Australian timbénsa range of instruments. These
responses will be summarised later in the report.

4. SPECIES USED

A summary of some Australian timbers which havenbesed by luthiers and the role
they play in the finished instrument is presentethis section (Table 1-5)

The list is by no means definitive, in terms of whas been tried, and in what
instrument or component, (nor an endorsement airécplar species), but simply
brings together the experiences of a number ofdtghthroughout Australia.

This is presented as a reference, with further dataood and acoustic properties
tabulated in Tables 12 & 13 (section 6.2.2 pp 6bafid Appendix one.

Table 1

Soundboards
Common name Genus species instrument
Blackwood Acacia melanoxylon | acoustic guitar, ukelele
Kauri pine Agathis robusta acoustic guitar, violin, cello
Bunya pine Araucaria bidwillii acoustic guitar
Hoop pine Araucaria cunninghamii| acoustic guitar, violin
Sassafras Atherosperma moschatum | acoustic guitar
King William pine Athrotaxis selaginoides | class.& acoustic guitar,
Cypress pine * Cupressus macrocapra | acoustic guitar
Jarrah Eucalyptus marginata ukelele
Qld. maple Flindersia brayleyana | ukelele arch-top guitar
Huon pine Lagarostrobos | franklinii class.& acoustic guitar,
Satinwood Phebalium squameum | acoustic guitar
Celery-top pine Phyllocladus aspleniifolius| mandolin acoustic guitar
Black pine Podocarpus aramus violin
Brown pine Podocarpus neriifolius violin
Australian red cedar | Toona australis acoustic guitar

*Non native — available from farm wind-break claaca
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Table 2

Fretboards/bridge

Common name Genus species

Brigalow Acacia harpophylla

Myall Acacia papyrocarpa

Boree Acacia pendula

Mulga Acacia aneura

Gidgee Acacia cambagei

Northern silky oak Cardwellia sublimis

Cooktown ironwood | Erythrophleum chlorostachys
Jarrah Eucalyptus marginata

Crows ash Flindersia australis

Beefwood Grevillea striata

Wandoo Eucalyptus wandoo

Table 3

Necks/Heel

Common name | Genus species instrument
Blackwood Acacia melanoxylon | acoustic guitar
Warren river cedat Agonis juniperina acoustic guitar
Cypress pine * Cupressus macrocapra | acoustic guitar

Rose mahogany | Dysoxylum | fraseranum | acoustic guitar
Victorian ash Eucalyptus | regnans guitar, mandolin, Irish bouzouki
Jarrah Eucalyptus | marginata | acoustic guitar

Qld. maple Flindersia brayleyana | violin, acoustic & class. guitar
Silver ash Flindersia schottiana violin, acoustic guitar

*Non native — available from farm wind-break claaca

(@
Figures 7 a-b. Queensland maple acoustic guitds lnleaks and one of two new
CNC routers (Maton Guitars 2008)
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Table 4

Backs & sides

Common name Genus Species instrument

Gidgee Acacia cambagei acoustic guitar
Silver wattle Acacia dealbata acoustic guitar
Lightwood Acacia implexa acoustic guitar
Blackwood Acacia melanoxylon | acoustic guitar, violin
Black wattle Acacia mollissima acoustic guitar
Western myall Acacia papyrocarpa | acoustic guitar

Hoop pine Araucaria cunninghamii| violin

Sassafrass Atherosperma moschatum | acoustic & classic. guita
Northern silky oak | Cardwellia sublimes acoustic & classic. guita
Black bean Castanospermum australe acoustic guitar

W.A. she-oak Casuarina fraserana acoustic guitar
Coachwood Ceratopetalum apetalum mandolin

Rose maple Cryptocarya rigida violin

Cypress pine * Cupressus macrocarpa | acoustic guitar

Rose mahogany Dysoxylum fraseranum | violins,

Silver quandong Elaeocarpus grandis acoustic guitar

Qld walnut Endiandra palmerstonii | acoustic guitar
Alpine ash Eucalyptus delegatensis| acoustic guitar, violin
Messmate Eucalyptus obliqua acoustic guitar ,violin
Mountain ash Eucalyptus regnans acoustic guitar, violin
Jarrah Eucalyptus marginata | acoustic guitar
Wandoo Eucalyptus wandoo acoustic guitar

Silver silkwood Flindersia acuminate acoustic guitar
Crows ash Flindersia australis acoustic guitar

Qld maple Flindersia brayleyana | violin, acoustic/class guit
Silver ash Flindersia schottiana acoustic guitar

Silky oak Grevillea robusta acoustic guitar
Beefwood Grevillea striata acoustic guitar

Huon pine Lagarostrobos franklinii acoustic guitar
Native olive Notelaea ligustrina acoustic guitar
Myrtle Nothofagus cunninghamij acoustic guitar
Satinwood Phebalium squameum | acoustic guitar

Tulip satinwood Rhodoshpaera rhodanthemaacoustic guitar

Red tulip oak Tarrieta peralata acoustic guitar

*Non native — available from farm wind-break claaca
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Table 5

Other
Common name Genus species instrument
Gidgee Acacia cambagei tuning knobs
Ironwood ,wattle | Acacia excelsa tuning knobs
Western myall Acacia papyrocarpa | bows
Brush ironbark Bridelia exaltata pegs
Black bean Castanospermunt australe headstock/ rosette veneer
Belah Casuarina christata pegs
Huon pine Lagarostrobos franklinii bindings
Jarrah Eucalyptus marginata bindings
Jarrah Eucalyptus marginata | headstock/ rosette veneer
Qld maple Flindersia brayleyana | back and side bracing
Qld maple Flindersia brayleyana | neck block/end block
Beefwood Grevillea striata bindings
Ivorywood Siphonodon australis bindings
Satinwood Phebalium squameum | bindings
Cheesewood Pittosporum bicolor bindings

Figure 8. Blackwood guitar side with jarrah anaih pine bindings
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4.1 Anecdotal assessments

The species listed above represent a sample ofialatkaving been used by luthiers
in Australia.

Several species rated positively in many luthiassessments, whilst others were
highly regarded by single survey respondents, autidedl by the remainder.

The following information is presented merely tc@psulate the survey sample
responses, and does not constitute any form o$tstatly-based data.

It is also difficult to generalise about the penfiance of any species given the small
number and diversity of instruments made, and #r@tron in wood itself.

Blackwood (Acacia melanoxylon)

Blackwood has consolidated its reputation as alfnigdgarded and often-utilised
tonewood by many luthiers throughout Australidhds been used in a range of
instrument types over a sufficiently long time peérto have demonstrated its stability
and acoustic qualities.

Its use is also growing rapidly in internationatésvood markets, with a number of
local processors responding to demand from luttaadslarger manufacturers
overseas.

Dryland species

Similarly a range of high density dryladd¢aciaspecies and Cooktown ironwood
have gained general acceptance, and were rategtefeat substitutes for fretboard,
bridge, chin rest and tuning knob materials.

Queensland maple(Flindersia brayleyana)

Queensland maple as a substitute for mahogangasmatiely used and versatile in
providing material for necks, neckblocks, end-bkdierfing, backs and sides, back
and sides bracing, and soundboards for arch-tdprguand ukeleles.

Eucalyptus spp.

Several users reported good results with Mountsim@ucalyptus regnans)
Eucalyptus obliqguanfessmatghas also been used in similar role€asegnans.

The use of botlk. regnansaandE. obliquain necks and backs and sides, opens up the
examination of othelEucalyptusspecies which luthiers have generally been wary of
because of concerns with wood stability in service.

Several respondents believédregnansvas an excellent material for instrument
necks.

The very high density wando&\jcalyptus wandoojas been used in the back and
sides of acoustic guitars and for fretboard makteria
Cypress pine Cupressus macrocarpa)

Wood from this non-endemic tree widely establisas@ farm windbreak, has been
tried successfully in guitar necks and backs addssand as a soundboard material.

Although much of this resource consists of mukirsined trees with poor form, it is
largely approaching senescence and if processeelctigrmay produce material
useful to luthiers
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Miscellaneous species

Tulip satinwood, Western Australian she-oak, roséogany, myrtle, blackheart
sassafras, silver silkwood, satinwood, lightwood aitver wattle, are amongst many
others, highly regarded timbers for use in backssades of a variety of instruments.

Soundboard species

Several Australian species have been interchangédtraditional’ tonewoods such
as spruce and cedar in soundboards. King Williame m orchestral instuments,
classical and steel-string guitars, bunya pindaelsstring guitars and huon pine to a
lesser extent in steel-string guitars and violivesse all been utilised by instrument
makers.

Australian red cedailpona australishas been used in acoustic guitars with good
results, and is considered as an excellent sutestdu Cuban mahogany tops used on
many vintage instruments.

Blackwood has been used in soundboards of acaystars and ukeleles where koa
had previously been used. The higher density akilaod in tops is reputed to
impart a distinct sound which improves over time.

Similary, the high density satinboRI{ebalium squameyrhas been used as an
acoustic guitar soundboard with pleasing resuliguiie 9). The use of blackwood,
blackheart-sassafras, celery top pine and satimbtiis manner, highlights the
possibility of experimentation in steel-string ctyastion.

Figure 9. Acoustic guitar made entirely from satini§Phebalium squameyr?hoto
courtesy of Maton Guitars Melbourne.
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The soundboard is often viewed as the ‘heart aotl gbthe instrument by luthiers,
and functionally contributes a great deal to tHeafacteristic’ sound.

Therefore, it is not surprising that opinions oa gerformance of Australian
soundboard species are many and varied, and ibgvtianchmarked against
traditional species such as spruce.

That Australian soundboard species sound diffasemdt surprising, and with the
exception of bunya pine (which has benefited froiewmarket exposure through
large scale acoustic guitar manufacturing) respoimslicate that some resistance to
their use exists both within luthiery, and in thgher end of the retail market place.

Material availability

This issue is central to both the evaluation aledetktent of the use of Australian
timbers in luthiery.

Several respondents found it difficult to souraghhguality materials from selected
species. Queensland maple was one species thatssaafier luthiers expressed
difficulty in obtaining suitable material.

Many of the ‘boutique’ species such as tulip satiod, beefwood, coachwood, silver
ash etc) were also placed in this category. Auatrakd cedar and King William pine
are also both limited in availability for largerade use.

In most cases this reflects the absence of a respspecies protected from
commercial exploitation, or products being diredizdther value-adding
opportunities.

The difficulties in obtaining appropriate materjatsalso an impediment in the
evaluation of many species with potential as toreigo

It is also evident that the degree to which Augratimbers are embraced by
overseas markets will impact upon the domestiad#fioility, with the likelihood that
higher prices will be obtainable from niche buyersverseas markets.

Initial processing

Initial milling was also identified as problematar several luthiers, as for many
processors their main objective is maximising recgwf appearance products, with
backsawn and nominally quartersawn boards a corseguof this. The relatively
small volume demands of instrument makers in coisparto commodity markets are
the principal reason for this.

Bracing material

Several respondents questioned whether there \Wereadives to spruce, which is
generally favoured for (soundboard) bracing inrunstents, because of its ungiue
combination of high along-grain stiffness (modubdi®lasticity or MOE) relative to a
low density (low mass for a given board volume)ghdquality spruce will generally
have a higher stiffness to mass ratio than comparsdiive species.

High quality bunya pine also has relatively higbrgg grain stiffness and low density,
and may have utility as a bracing material. Praxgdhe grain is straight and parallel
with the material edges, species with an alonghgvdOE of around 14 GPa or more,
and a low density (450 kg hor less) are likely to be functionally equivalent.

In the case of bunya pine, darker brown materibkédy to have lower stiffness
values and higher density than lighter materialicvis preferred for bracing.

The use of composite wood/carbon fibre in braciogsddramatically alter this
equation, where materials like balsa wood havetheid MOE greatly increased
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without substantial addition of mass. However fardswood materials, high quality
bracing spruce represents a known material withibgadimensions reflecting the
inherent strength properties of the wood.

Market acceptance

Opinions were divided on the market acceptancaessfuments made primarily from
Australian tonewoods. The high-end production ahestral instruments such as
violins, violas and cellos is more dependent uenuse of spruce/maple/sycamore
combinations where musical repertoires and playpeetations influenced material
choices.

Similarly the production of classical/Spanish gistes steeped in tradition and
material familiarity, however recent departuresrirorthodoxy in the use of
composite materials (carbon—fibre lattice brackeylar double tops, cross-ply veneer
backs and sides) and use of Australian tonewoqagsents a new direction.

The high investment in labour and input of purclhsig® commissioned instruments
tend to direct makers to familiar materials andgles where sound characteristics
are better regulated.

It is the realm of steel-string acoustic, arch-tapd electric guitars where traditional
criteria are still evolving and generally less sésince to alternative materials exists
(Figures 10 & 11).

Figure 10. American manufactured - figured blac&dbass guitar
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Figure 11Burled Myrtle electric guitar ‘cap’

The bunya top, blackwood/Queensland maple/walnck bad side combinations
have been accepted domestically and appear togudestial in export markets.

Several respondents felt that greater familiarityhwnaterials and refinements in their
use would assist greatly, as traditional tonewdwsthe benefit of ‘centuries’ of
optimisation.

There was a general consensus regarding the pdtehéi number of Australian
species for use as material for instrument backssates, where decorative
characteristics become a factor in the marketplaceads have been made into

European and North American markets by both tonewaoippliers and instrument
makers.

The use of dryland species in other componentso@dth representing small volumes,
has also been widely embraced within luthiery.
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5. PRODUCT QUALITY CRITERIA

Each instrument component requires a specificfsebod properties both functional
and aesthetic, which contribute to its role inittetrument. Many aspects of
tonewood product quality are dependent on theairitig selection and processing,
and will be dealt with as such.

It is hoped that the information will provide a sétasic product criteria enabling
decisions made by processors to maximise the rego¥@roducts in this market,
and meet the specifications of the the end-user.

5.1 Log selection

The first question revolves around whether thebeigpg evaluated is suitable for
producing instrument-quality components. The deaignhaking process will be
initially influenced by the log species, size, teas and quality, but ultimately be
driven by the economics of processing strategieal products prices and continuity
of end markets.

Notwithstanding, Table 12 & 13 (section 6.2.2 pp/M§ and Appendix one present a
selection of Australian tree species either culyartilised, or with characteristics
making them worthy of consideration as potentiatriniment component producers.

Whilst it is possible to retrieve small volumest@fiewood products from many logs
of many species, the commitment to a quartersastiagegy and the time consuming
process of defect docking to retrieve suitable potslcan seriously diminish recovery
volumes and increase the cost of target produatal product thicknesses may also
be as little as 4mm, meaning significant produdtine is lost to saw kerf alone.

The financial viability becomes dependent uponcib& of processing, prices paid for
target products and the market for the downfaltpa, i.e. what do you do with what
is left over.

It is worth noting that many processors caterinthts market are often using logs or
(segments of logs) that are out of grade (in tesfisdustrial sawlog specifications),
or have limited commercial value in there entirety.

Figure 12 shows remnants of the unprocessed KidligWipine resource in
Tasmania. Much of the existing resource consistsydfo-salvage logs such as those
pictured. The potential to recover high-value shemgth products from such logs still
drives the decision making process to convert thieantonewood and other specialty
products.

A low quality Brazilian rosewood log (likely to yaesmall volumes of target product)
would still be sought after by tonewood supplieesduse end-products command
prices several times that of other tonewoods specie

The prices paid are a function of the reverench which this species is held in by
guitar makers, but also the fact that market denexicgeds a diminishing supply.
Brazilian rosewood instruments in the retail setimre an established market and are
priced accordingly, which naturally flows back tectsions made at the point of
processing.
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Figure 12. The King William pine stockpile (TasmamiSpecialty Timbers,
Queenstown 2007)

This highlights the pre-requisite of market accep&as a mechanism for establishing
tonewood prices, and ultimately governing log valaad processing decisions.

Put simply processors will take notice if signifitarolumes of high-value product

can be directed into established markets.

5.1.1 Log species

The species list in Table 12 & 13 and Appendix aneludes both currently used
woods, and those with the potential to fulfil tlegjuirements of specific components
in instrument design. Some species are also amaotdath regard to restrictions on
their availability.

The ability of some of these species to providevttiames required for larger
markets both domestically or in export situationdaoubtful, nevertheless individual
trees invariably become available for processimgfeariety of reasons, and could be
opportunistically directed toward such an end-use.

It is also important to understand the variabitifyvood as a biological material both
within a species, as a result of environmentalgertktic factors, but also the
variation arising from a board’s location withirettree and its subsequent processing.
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From a processing viewpoint, the following sectisosnmarise basic characteristics
of log selection and processing required for thagpction of tonewood components.

5.1.2 Log size

Diameter

Because soundboards and backs and sides of siagkdtacoustic guitars require
quartersawn boards around 220mm in width, this sep@ lower diameter size
restriction at the log selection stage. This encassps stringed instruments equal to
or smaller in size than a dreadnought (steel-s@caustic guitar).

In general, the necessity of avoiding lower quglityenile wood in the pith (log
centre), and colour variation or lyctid susceptdd@wood (around the log periphery),
requires logs with diameters of around 600mm (aastr height) and upwards as
shown in Figure 13.

Logs at the lower end of this range may not produtgcient quartersawn board
width beyond about 2.5 to 3.0 meters in height ddpat on the degree of log taper.

Where logs at the lower end of the diameter ramge&ansidered, it is important that
they are dealt with in their entirety. From a prssm’s viewpoint, a downfall product
from the residual log (above the bottom 2-3 meti®sften required to make the
processing strategy viable.

This probably requires the identification of areattative product for, and diversion of
the upper log to another processing stream (mmll) sawing strategy.

As previously outlined, the required board widthd @onsequent log diameter
requirement, is largely the product of an aesthmtitvention which prefers the
symmetry of book-matched pairs rather than 3 aedepconstructions, the latter
being equally acceptable from both acoustic andneeging viewpoints
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Sapwood\

<«——»»' Pith «—
(Juvenile
15- 50 mm 210 - 230 mm core) 210 — 230mm 15-50 mm
80 — 150
mm

v

<
<«

Total minimum log diameter (under bark)
600mm or larger, to produce book-matched
quartersawn guitar soundboard or back sets

Figure 13. Log diameter diagram

Figure 14. Silver wattleAcacia dealbata150mm wide boards with around 24 years
of growth within the board width (Phillips Sawmikeeveston 2007)
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Juvenile wood

The wood from the pith (log centre) in many speamey contain shorter fibres, lower
density and strength material, with highly variaptain angle relative to the tree axis
(spiral grain) (Bootle 2004).

Spiral grain is more likely to produce twist pramaterial in seasoned boards and is
also avoided because it will contribute to grain-aut in processed boards. The
combination of these factors is likely to decrethsestiffness and acoustic potential of
this material.

The size of this ‘juvenile core’ is variable depentlupon species and growth rate,
but will generally be confined within a 100-150mgiicder in the log centre.

Thereafter, wood formed will generally have moréamm mean density, grain closer
to parallel to the trees axis and regular growtly structure, all indications of more
uniform elastic and consequent acoustic properties.

Sapwood —Lyctus borer

The decision to exclude sapwood will depend uperniridividual species’
susceptibility to lyctid borer, or whether the nmreehas been boron diffusion treated.

Many Australian and imported species are susceptiblyctus attack, because the
wood vessel size is large enough for the femalddseevipositor to introduce eggs
into the sapwood, where the life cycle begins. $d@wvood provides a food source
for the emerging young, which bore tiny holes tigtoout the sapwood zone.
(Cookson 2004)

Australian mills producing appearance-grade pralfrom lyctus-susceptible species
will generally treat or remove such material.

It is advisable to check the susceptibility staifia species, or where uncertainty
regarding treatment exists, it is recommendedgaptvood is trimmed from final
products.

5.1.3 Log length

The length of logs required is determined by thalflength of the products being
targeted. The majority of stringed instruments dorequire lengths greater than
around 800 - 880mm (for sides). For soundboardsankls, 600mm covers the
majority of end-users.

Therefore by allowing for end-degrade (end-splittatc.) in both log and board
drying, log sections as short as 700mm (soundbpardyg be suitable if they contain
defect-free wood matching the component width negoents.

Typically many south-east Australian hardwood salgproducing appearance-
grade products would discount boards under 3 matdesgth by around 10%, and
by as much as 50% for lengths under 1.8 metrestiUéaset al 2005)

What constitutes defect-free wood from a luthigesspective may also vary from
maker to maker. The following section will outlibeth quality and aesthetic
characteristics given consideration.
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Figures 15a-b. (a) Huon pine ‘shorts’ divertedaiwewood processing

(b) Burnt huon pine logs from the stod&gire awaiting processing (Corinna
Sawmill, Burnie 2007)

5.1.4 Log quality

Once a log has been earmarked in terms of spewtkdiameter/length as a potential
source of tonewood material it must also have titergial to yield ‘clear’ sections of
sufficient length and width to meet end-users nemments.

The majority of luthiers prefer material that i®fdct’ free. Defects from luthiers
view-point include knots, splits and checks (exa¢and internal), insect damage,
decay (or other voids), gum vein, and excessivaisipgrain (‘run-out’).

Whilst the absence of defects is universal to mateused in tonewoods, as a result
of the differing functional aspects of soundboadd backs and sides, log quality
characteristics (and subsequent processing) anap&more stringent in the selection
of soundboard material.
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Growth ring characteristics

European or North American tonewood processorgite and cedar for
soundboards will often assess grain straightnesggwth ring distribution in
standing trees before committing to harvesting.

Grain direction can be inferred by examininatioriref direction of bark fissures,
drying checks in dead trees, or splits in treeshhsae received lightning strikes.
Straight grain is paramount in producing high sgfs soundboards without grain
run-out the impact of which will be described iregter detail later in the processing
section of the report.

Wood cores are also frequently taken from stantliggs (spruce and cedar) in order
to assess growth ring ‘tightness’(number of growtlys per cm/inch) and uniformity,
as a pre-harvesting screening process.

Growth ring characteristics in harvested logs catumrally be assessed from cross-cut
log ends.

Aesthetic features

In addition to conventional log assessments, autthti (decorative) wood
characteristics are important to identify where dachand higher prices are being
paid for by the end-user.

There are several suppliers into the tonewood mavke presently utilise ‘out of
grade’ logs (based on state grading criteria) amiess a preference for logs with
featuregrain or colour. This is more applicable to the backs and sidesstfuments
where the decorative aspects are highly valued.

Grain

Logs with feature grain like fiddleback, quiltingsoken stripe and raindrop figure are
highly sought after and often identifiable in lagr.

Typically blackwood back and side ‘sets’ will beaded (and priced) on the severity
and extent of the grain ‘rippling’ (Figure 16).dBieback in myrtle, Queensland
maple and several eucalypt species are all highiglst after and prices paid are in
accordance with the degree of fibre corrugations.

‘Quilting’ as occasionally seen in fully quartensasoundboards where ray cells are
presented parallel to the board face, is a soutgrt grain feature in several
soundboard species. It is also indicative of mateawn to maximise cross-grain
stiffness.
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Figure 16. Typical grading of figured grain or filéback’ blackwood with value
increasing with extent of corrugation and coloungges courtesy of Tim Spittle;
Australian Tonewoods W.A.)

Colour

Variations in wood colour such as the fungal stajrassociated with ‘black-heart’ in
sassafras (Figures 17-19) and ‘tiger’ myrtle ase @vident from cross-cut log ends.
The colour variation imparted by these biologicalgesses command premium prices
in a number of decorative wood uses. Highly-figuioéaitkwood back and side sets, in
final component sizes (nominally 215mm x 550mm xrgrbacks and 110mm x
850mm x 5mm; sides) may fetch over $240 AUSD, regméng around $95,000°m

Tiger-figured myrtle ‘sets’ also containing fiddkstk grain (Figures 20 & 21), may
cost well in excess of $300 AUSD. Prices are végialocording to a perceived rarity
or saleability but the appeal of these ‘exotic’quots to overseas markets cannot be
overstated.
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Fi'e 17. Blackher sassafras log — 60cm Iargedéameter'

Figure 18. Sassafras log dupraressing
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Figure 19. Sassafras back & sides. Bateson Guit&sA. wood supplied by
Tasmanian Salvaged Resurrection Timbers Pty. Ltd.

Figure 20. Myrtle log (without tiger colouration)1n diameter large end
Part of log tender at Forestry Tasmania’s Islanelcitty Timbers in Geeveston.
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(b)
Figures 21 a-b. Book-matched myrtle set with tigilouration and fiddleback grain
and guitar under construction.

Other species known to produce colour variatiorthénheartwood are native olive or
dorral (Figure 22), coachwood, yellow carabeengsijuandong, yellow
cheesewood, blush alder, mountain tea-tree, antWwhth.

construction
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5.1.5 Height in tree

The requirement of a quartersawn board of aroun®2 in width, limits processors
to either an advanced age, larger diameter clagsad, or material available from the
lower (wider) section of butt-logs.

For soundboard material it is far preferable taobtaterial from above-breast
height (1.2m) where wood properties (in particgeain direction) are more uniform,
the cross-section contains a higher percentageatirmmwood and strength properties
may also increase. In short, the chances of obigitme best soundboard wood the
tree contains is diminished in the lower trunk.

Material for the back and sides (hardwood specidsplso be more variable in wood
properties in the lower log, however the decoragjreen and colouration of material
found in this area often overrides the functiorsgdexts of its use.

Reaction wood

The term reaction wood is given to material forraeiding from a combination of the
effects of wind and a gravitropic response to slkapd/or crown asymmetry (Bootle
2004).

Because of the declining diameter class of resgureeg processed, significant
volumes of material are obtained from the lowems(below breast height or 1.2m)
where the mechanical stresses exert a larger mftuen the formation of wood. This
results in the increasing likelihood of the preseatreaction wood in this region.

Reaction wood in softwoods is present in the fofroompression wood, and in
hardwoods is termet@nsion wood. Compression wood forming on the lower side of a
lean or slope, and tension wood forming on the upjae (Figure 23).

S
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FlgUFe 23. King William pine lower butt logs. (Taamn‘hSp'emaIf;/ Timbers,
Queenstown Tasmania 2007.)
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The extent of the reaction wood present is oftggeddent on the degree of lean or
growth asymmetry, but genetic factors may also plagle in its formation.

The selection of ‘balanced’ trees with straightrstegrain, and a central pith will
minimise the chances of obtaining such materialyidgocussing on material above
breast height, where log diameter permits.

Reaction wood is generally avoided by luthiershia $election of soundboard
material from ‘traditional species’ such as sprand cedar, because of the potential
effect the underlying wood properties have on tlagemials processing, strength,
stability and most importantly acoustic properties.

In the case of material for backs and sides, thelddog and buttresses are often
where sought-after feature grain is more prevdleigiure 24), resulting in substantial
volumes of material being derived from the firsbtmetres of a log.

Feature grain such as fiddleback is more likelgedound in a lower blackwood log,
and generally dissipates with height. Occasiortadlgs will exhibit fiddleback grain
throughout the stem height.

The demand for highly decorative grain from thigioa is dictated by the recognition
that in the retail market premium prices are comuearfor instruments with highly
figured backs and sides.

It should be emphasised however that from purebysiic viewpoint, the corrugation
of fibres associated with fiddleback grain doesimg to assist the instrument
functionally. That fiddleback grain has been unsadly embraced in luthiery world-
wide, is probably more a reflection of the visugpaal it creates.

Figure 24. Oldér buftrssed blackwood ogs are rhioedy to produce fiddleback
material in the lower butt. (Corinna Sawmill, Bieniasmania 2007.)
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Compression wood

As shown in Figures 25-27 reaction wood in softwomsddescribed as compression
wood, and is often associated with a tree growiitg & lean or subject to a prevailing
wind, with the compression wood forming on the siuetree is leaning toward.

An oval or eccentric shaped (non-circular) log ®iith an asymmetric-pith (log-
centre) is often indicative of the presence of mgeession wood zone on the larger
radius of the log end.

In terms of wood properties, the tracheids (wobdef) are shorter, the speed of
sound is reduced along the grain, and the lignitiead and density both increase.
This can contribute to a decrease in along-graiodigiiffness, with resultant changes
In acoustic characteristics.

When present, such wood is believed to contribmeerieduction in the potential of
spruce and cedar as a soundboard material.

Compression wood areas may also be evident agisasan wood colour (generally
darker regions) causing luthiers to prefer unifgrtight sets when selecting spruce or
cedar soundboard material.

Direction of wind
and/or tree lean

e ————
- -o

-
S

Figure 25.Compression wood zone indicated in rée. dff-centre pith (blue line) can
be indicative of a compression wood zone withinlénge radius.

Wind direction and/or
lean

15
metres

- -

1
—~ 9
‘\

\

Figure 26. Representation of compression woodysaitls) would be present as
indicated relative to the tree lean or dominantdadirection.
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Figure 27. Hoop pineAfraucaria cunningham)ishoing comfession wood region
(photo courtesy of llic & Blackwell, Gottstein Wo&tience Course 2003)

Tension wood

Tension wood forms in hardwoods on the upper sidelean or in response to
prevailing wind direction. This wood is charactedsy longer fibres, a reduction in
the size and number of vessels, a decrease im lggmtent and an increase in
cellulose content.

Tension wood can present significant problems it lsawing and drying, producing
areas of high tangential shrinkage which cannatbevered with steam
reconditioning (Washusest al 2002).

These factors in turn impact negatively upon thedi® stability, working and
bending properties and acoustic performance.

Tension wood is generally problematic for materalger than soundboards which
are generally obtained from softwood species. Tenaiood may be evident from a
visual appraisal of boards, particularly after dogyis completed (Figure 28).

Figure 28 Eucalyptushoard showing unrecovered dimensional collapse (an
internally checked) tension wood band.
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5.2 Processing and drying

Decisions made at the point of log processing nraglpde the production of
tonewoods later in the value-adding chain, or pcedsub-optimal products from the
end-users perspective.

5.2.1 Processing

Where a log is considered to have the potentigigiol tonewood products, it is
important the sawing is conducted in a mannenhlatmaximise the yield of target
products.

Quartersawing

It is important (and universally understood) thatdswood boards used by instrument
makers need to be quartersawn.

There are two principal reasons for this, whickateko product stability and
maximising cross-grain stiffness of boards. Theefas particulary important for
soundboard material.

Ray cell alignment

Even small deviations from quartersawn result enrdy cell alignment angle
increasing relative to the wide board face.

Referring to Figure 29, fully quartersawn wood (faba) with growth rings at right
angles to the wide face will also have rays cetisegally parallel to the radial face.
This is a factor believed to contribute to the srggain stiffness of fully quartersawn
boards (Schleske 1990).

The implication of using nominally quartersawn niales that it will reduce the
value of mechanical properties (stiffness) acrassagwhich is accompanied by
increased internal friction (damping) in this diren.

General direction of ray cells for;

1. Tangential board

2. Chordal board (Nominally quartersawn)
3. Fully quartersawn

Ray cells —
radiating from
pith to bark

Figure 29. Ray cell direction in 1. backsawn, 2nimlly quartersawn and
3.fully quartersawn boards
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Table 6 underlines the significant effect a dewratirom growth rings at 90° to the
wide face has on the cross-board stiffness and ilgnaparacteristics. With growth
rings as little as 5° (3 = 5°) from perpendicutathe face, the speed of sound in the
cross-grain direction also decreases by around a@%where the angle is 11°, the
speed of sound decreases by 26%. Importantly #usedse in sound velocity is
accompanied by increases in ‘damping’ (decreasasaastic efficiency) by 6% and
19 % in the above-mentioned cases (Schelske 1990).

Table 6. Velocity and damping changes with increaserowth ring angle to 90°

Across grain
Angle Velocity m Vel. decrease Damping Eci‘téggtcijclzjiltl;/s
s'ly (%) increase (%) (Gpa)

0 1620 0.0 0 3.7
1 1610 15 2 3.7
2 1580 6.0 2 3.6
3-5° 1480 10.0 6 34
4-7° 1480 14.0 8 3.4
6-9° 1300 22.0 10 3.0
9-13° 1200 26.0 19 2.8
13-17° 950 40.0 25 2.2
16-20° 900 45.0 28 2.1
35-50° 600 65.0 48 14
45-64° 580 68.0 73 13
50-85° 600 65.0 70 1.4
85-90° 1100 33.0 50 2.5

(adapted from Schelske 1990).

Shrinkage
An additional reason that quartersawn materiate$gpred, relates to the differences
in the shrinkage of boards in the radial and tatigkedirection.

Overall shrinkage

The overall shrinkage figures tabulated in thisorepepresent mean species
dimensional changes from green to air-dry (arou2fb inoisture content in south-
east Australia). The means are derived from sanffdasa number of trees, with any
single board of a given species likely to vary athis mean.

In general, quartersawn boards have around hatitbell shrinkage (green to air-
dry) than the corresponding figure for backsawrbgm Tangential shrinkages of
between 4 and 12%, from green to air-dry are nobonmon for many species, whilst
radial figures would be typically around half thesdues.

Seasoned timber for Australian markets will tydichle dried to around 10-12%,
(equilibrium moisture content) depending on thekatand location. Once it has
been delivered to the end-user it will then undexgequilibration process with the
local conditions.
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In service movement of timber - unit shrinkage

A more direct measure of a board’s propensity teen@shrink or swell) in response
to changes in temperature and humidity, is a figgm@vn asunit shrinkage. The unit
shrinkage is the dimensional changes in a boarditfrer the radial or tangential
directions) that occur for each 1% change in theéligium moisture content
(E.M.C.). These figures are representative of tlenges likely to occur in the range
of conditions a finished instrument is housed in.

In other words, if the conditions in your housemarkshop are around 12% E.M.C., a
figure not uncommon for south-eastern Australianing a heater at night may lower
the E.M.C. to around 8% E.M.C.

The range of between about 5% and 20% E.M.C. wendtdmpass the majority of
environmental conditions found within Australia.

Each 1% change of E.M.C. is simply multiplied bg timit shrinkage rate for a
species to determine the likely percentage chamge given board dimension.

Table 7. Comparative unit shrinkage values

Unit shrinkage 12% - 5%
Specles Tangential | Radial Description

% %
Regrowth mountain ash(E. regnan¥ 0.35 0.25 Fairly high
Silver wattle (Acacia dealbatp 0.38 0.17 Moderate
Blackwood (Acacia melanoxylon 0.27 0.16 Moderate
Queensland maplgFlindersia brayleyanga 0.25 0.17 Moderate
Maple (Acer spp.)* 0.26 0.15 Moderate
Walnut (Juglans regia* 0.27 0.2 Fairly high
Ebony (Diospyros spp.)* 0.3 0.27 Fairly high
Brazilian rosewood (Dalbergia nigrg * 0.37 0.24 Fairly high
Teak (Tectona grandis* 0.18 0.1 Low
Spruce (Picea abiey* 0.32 0.17 Moderate
Bunya pine (Araucaria bidwillii) 0.23 0.11 Low

Source ; Barclay 1997 and Ozarstaal 1999
*non-native species

For example bunya pine has unit shrinkage valuéisarorder of 0.11% radially and
0.23% tangentially.Therefore a soundboard halfgi@m in width (radially) which
has been previously equilibrated to 12% conditiomslergoes a change in E.M.C. to
8% (i.e. a reduction of 4% ), and a dimensionahgeaof 0.44% would be
expected.(4 x 0.11% ). Therefore a 200mm wide baandd shrink radially by
around 0.88mm (200 x 0.0044).

Table 7 shows unit shrinkages for some well-utdlissnewood species. These figures
are not absolute with variation likely around theakies within a given species. It
does however give an idea of the range of valudsmivhich tonewood materials
would typically lie.

It is interesting to note that native forest regitowiountain ashH. regnanyand
Brazilian rosewood[. nigra) have comparable mean unit shrinkage values.
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Both the magnitude and rapidity of the changemlanation with the wood’s

natural propensity to respond to these, will deteenthe net effect on the instruments
structural integrity.

It is the timber’s constant cyclic response to gjeain ambient environmental
conditions that may ultimately undermine the loags viability of many

instruments.

The constant day/night, heater (or air conditioerpff cycle that requires plates to
constantly expand and contract, in combination Withstatic load of string tension
can result in plate deformation or separation alurigerable parts of the material.

Taper sawing — grain ‘run-out’

Soundboard ‘billets’ are traditionally split to ablish the presence of straight grain,
and a reference plane for subsequent bandsawin imm ‘sets’ (see Figure 30 a-d).
Diligent mechanised sawing which follows externalig and log taper can achieve
similar results as the traditional splitting ofleik. It can however produce more
localised grain run-out as the initial referencangls established by splitting can be
overridden by conventional sawing.

Splitting billets can also identify localised graim-out and therefore identify
unsuitable material for subsequent processing.

(d)
Figures 30 a-d. Soundboard splitting with a froeotp published with permission of
Florinett AG Tonewoods Switzerland)
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Figures 31 a-c

Ideally grain in longitudinal plane (L) providesetheference for all subsequent
breakdown cuts. As previously mentioned it is alesirable to have growth rings as
close to perpendicular to the wide face of the th@erpossible (i.e. fully
quartersawn).

Figures 31 a-c demonstrate what is described as‘gun-out’ ; the deviation of
grain angle relative to the board edge, which d¢ouates to significant reductions in
the velocity of sound of a board and consequeh#yalong-grain stiffness.

Grain run-out is of highest priority in the prodiact and selection of soundboard
material, and is also avoided because it can d¢ngito board instability in service.
Whilst localised grain run-out may not be a sigfit problem, and in many cases
cannot be avoided because of grain variabilitygs| it should be avoided if large
areas of a board are affected. Table 8 demonstiaexffect of the average angle of
grain run-out has on board stiffness (modulus a$tedity) and loss of acoustic
potential (damping increases)

It should be noted that these angles represenag@erain run-out over the entire
board length, whereas a localised occurrence wuaNe a less dramatic impact.

Table 8. Velocity and damping changes with increaselegree of grain runout

Along grain
Vel. Damping | Est. Modulus
Angle ° Velocity m & | Decrease increase | of elasticity
(%) (%) (Gpa)
0 5300 0.0 0 13.5
0.5 5250 0.9 6 13.2
1 5250 0.9 6 13.2
2 5200 1.9 20 13.0
3 5200 1.9 10 13.0
5 4950 6.6 19 11.8
7.5 4800 9.4 30 11.1
10 4400 17.0 51 9.3
15 3900 26.4 70 7.3
20 3250 38.7 145 5.1

(adapted from Schelske 1990).
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5.2.2 Drying

The drying of tonewood components does not redarigedramatic departure from
what would normally be applied to other appearagregle products. Standard end-
sealing of billets/boards will minimise end dryidggrade of material being air-dried
over longer periods.

Well-equilibrated material with an absence of maistgradients (wet spots), drying
stresses or surface/internal checking is impor&stmoisture variations are known to
reduce acoustic efficiency and stiffness properiiéisether this is achieved by kiln-
drying or prolonged air-drying is unlikely to hasemajor impact on the acoustic
properties of the resulting material.

It is also well understood by woodworkers and letkiin particular, that post-
purchase, materials should be well equilibratedh wie workshop conditions where
construction takes place. Equilibration can be daced by repeated weighing of
materials over several weeks or more, to deternvimen the mass has stabilised.

Producing ‘sets’

Resawing

Final dry product thicknesses of around 4 mm fakbaand marginally less for sides
and soundboards of hollow bodied instruments dneeaed through resawing larger
boards.

This can be achieved by either resawing materéailtias been dried in a larger
dimension (thickness), or resawing green boarasctlyr after sawing.

Material that has been partially seasoned is likelgontain moisture gradients
through the board thickness (wet in the core andnessively drier toward the
surface). Resawing material in this condition paiiboards with a wet face and a
dry face, which can create problems with produstadtion (buckling and cupping) as
it dries.

For thisreason it is preferable to resaw boards that are either well seasoned or
freshly sawn, wherein either case the moisture content will be low or high, but
fairly uniform through the board thickness

Drying material that has been resawn green, clo$§edl component size thickness,
will naturally dry substantially quicker than ovielesd boards. Therefore unless the
customer requests thick boards for their own resgwprocessing to near final
product dimensions will expedite the productiorfioished sets.

Naturally allowances for shrinkage in both the ah¢iacross board) and tangential
(board thickness) directions should be accounted/f@n resawing green material.
These figures will vary between softwoods and haalis (relatively high) and also
between and within species. The overall shrinkageds (from green to 12%
moisture content) shown in appendices 1-3 repregmdies means for radial and
tangential directions, and can be used as a ggtimt for resawing unfamiliar
material.

Tangential shrinkages of around 10% are not uncomimomany hardwood species
indicating the potential for a 0.5mm loss in thieka from a 5mm thick green target
size, from shrinkage alone. Saw kerf, accuracyumfbrmity then become critical
factors in controlling product losses to sawdust.

Resaws that minimise saw kerf to around 1mm argeaahle for many species,
which still represents around a 20% volume losafbmm oversize product.
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In addition to the normal practice of placing ‘keecs’ or ‘spacers’ uniformly between
layers of drying resawn material, it may be neags&aapply some restraint in the
form of top weights or elastic cord (octopus strapbungee cord).

This will minimise the movement of plates duringidg which can then be reflected
through the stack, causing deformation in finalduas. This is less likely to be an
issue with well-sawn straight-grained soundboartenel, however with the
increasing reliance on lower butt log wood for ksakd sides, the presence of
reaction wood may require management in this manner

Kiln dried vs. air dried timber

There are many luthiers who will express a prefegdor air-dried, over kiln-dried
timber. Although there is no direct evidence froiffedences in subsequent wood
structure to support the view that air-dried maites significantly different from kiln-
dried wood from an acoustic viewpoint, there issidarable anecdotal support to the
contrary from luthiers who prefer air-dried matéria

Whilst high temperature drying schedules employgedchny industrial mills in
producing softwood commodity products can resutentuctions in residual strength
properties, these schedules are not used in tligtion of softwood soundboard
material. Such material often undergoes a prelingiaa-drying process followed by
final drying under relatively low dry bulb tempeuets.

This is also true of drying less-permeable hardwseties in general, where even
standard commercial schedules use relatively lomperatures over extended time
periods to dry material.

Providing the drying method employed is consereatind can produce a well-
equilibrated product without cracks or drying sse=s the acoustic characteristics
should not be greatly compromised.

Aged vs recently-dried timber

Preferences for aged timber, (that has been doiesh&ny years) over recently-dried
material is also often expressed by some luth&wse research has been conducted
(Barducci & Pasqualini 1948 cited in Bucur 2006]219981) into the changes in
wood properties with age suggesting a general dserim the mechanical integrity of
wood beyond around a decade after final proces3img.loss of stiffness was
accompanied by increases in internal friction (dasing the duration of ‘tap-tone’)
which is believed to negatively affect instrumeatfprmance.

It has however been demonstrated that other faatasnolecular level, such as
subtle changes in the crystalline structure inwells with age, may be positively
influencing the instrument sound quality. In ongdsta ‘crystallinity index’ was
observed to reach a maximum after around 300 yeasruce, and subsequently
decline from this point.

This is consistent with the approximate age of miagi quality violins made by the
Italian masters suggesting a ‘peak’ in acousti¢guerance might also be a function
of time (Bucur 2006).

Naturally the practicality of providing volumes afed, air-dried to timber to an
industrial marketplace renders this debate obsadditeough occasionally reclaimed
materials enable smaller workshops the opportuaitytilise such materials.
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Moisture content — timber stability

The final moisture content of dried timber will @t its subsequent stability in
reponse to changes in atmospheric conditions frelaumidity and temperature)

A general limitation of an air-drying process iattthe lowest equilibrium moisture
content (E.M.C) the material reaches is a consempuehthe ambient conditions of
the drying facility or region.

Air dried timber from south east Australia wouldudikely to have an E.M.C. below
10-12%, whereas a controlled kiln drying procesdit@l kiln) drying can produce
material with an E.M.C. of 6% (as required by Nokierican appearance markets).

Hysteresis

The requirement for a product dried to a lower EEMs related to the ‘Hysteresis
effect’ which results in a material that is lesaatieve to changes in humidity, after it
has initially been dried to a lower E.M.C.

Thereatfter, the material tends to be more hydroghalresponse to humidity
changes and as a result dimensional changes armadsnised (lower humidity
expansion coefficient) (Skaar 1988).

Large scale manufacturers will often utilise coldia environment rooms to lower
the E.M.C. in the vicinity of 6% and control temaemre and relative humidity in the
production area itself to stabilise materials dgi@onstruction.

Final drying to around 6% may be more importantmvilealing with a species having
relatively high unit shrinkage values (such as maumgalypt species) where
minimising subsequent dimensional change may nfeaditference between failure
and sucesss in instrument viability.

In practical terms processors aiming to producersistently-stable wood product
where minimising movement is critical in instrumemtorth thousands of dollars,
final drying to a low E.M.C. is preferable.
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6. EVALUATING TONEWOODS

6.1. Assessment by luthiers

The processing of tonewood components should lmeddito the requirements of the
end-user.

In the absence of laboratory testing equipmentraterstanding of the requirements
of luthiers is essential in producing quality tore@a components.

A variety of selection criteria exist, with differeluthiers placing an emphasis on
different aspects of wood quality, based upon ype bf instrument they are
constructing and previous experiences with sinmiaterials. In short, what has
worked in the past is a valuable and persuasiwzten tool.

Notwithstanding the variation in assessment caternployed, universally

‘traditional’ criteria for selecting a wood, is uertiaken on the basis of a largely visual
appraisal of the material.

This will often be combined with an auditory ‘tagae’ evaluation, and in the case of
soundboards, may involve a form of rudimentary wargifiable bending test.

6.1.1 Soundboard

A summary of the critieria typically used for sobodrd assessment is presented in
Table 9. It should be emphasised that these aiteould be more commonly
applicable to the ‘traditional’ materials derivedrh spruceRicea spp, and cedar
species.

In the case of the southern ‘pines’ King Williandamuon, the traditional approach
probably represents a reasonable approach toisglscundboard material. The
suppressed growth rates are a reasonable mattirefoorresponding northern
latitude species, so colour and growth ring charastics are likely to represent
similar underlying variations in wood properties.

Table 9 Summary of soundboard criteria

Soundboard material - up to 210mm wide, book-matokd pairs

Clearwood — absence of defects/discontinuities (knots, fakes
etc.)

Growth ring — uniform radially, axially (width instrument and
maker specific) range from 1mm - 3mm

Colour - ‘light’ uniform (indicative of absence of comggon

Visual wood)

criteria

Grain — straight and uniform, relative to board edges (absef
grain ‘run-out’)

Quartersawn —growth rings as close to perpendicular to board
width. (More stable and higher cross-grain stiffnbgan nominally
guartesawn material)

Tap testing —nodal point restraint and tapping to excite bending

Auditory modes and assess clarity and duration of ring tone

Stiffness test | Bending test -Hand, or measurable along and cross-grain
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Consideration is given to the size and uniformitgwth ring structure and the
absence of blemishes, or colour variation that meicate the presence of
compression wood.

In most cases ‘clear’ sections of wood are pretemeth knots, drying checks, insect
damage and any discontinuities in wood structucedad.

Significant grain run-out (where grain directiorvidgges from parallel to the board
edges) is also avoided as it is known to redutimesis and potentially create stability
problems.

These criteria are generally accepted but proces$muld note that luthiers are likely
to have developed an individual hierarchy of impnce in selecting materials. Many
current and ‘vintage’ instruments with soundboaraistaining wider growth rings,
minor grain run-out and imperfections neverthef@ssluce outstanding tonal
qualities from a listener/player perspective.

Growth ring and grain characteristics

A summary of the critieria typically used for theection of material for soundboards
is presented in Table 10.

A simple method of appraising underlying anatomstalcture is to examine growth
ring width, uniformity and straightness of grain.

In general terms, straight grain within the boand eelative to all board edges is
usually recognised as important in maximising titeerent stiffness characteristics of
the raw material.

Departures from this are known as ‘grain run-oan'gd can dramatically reduce the
soundboard stiffness if the ‘run-out’ area is large

Quartersawn material is critical in minimising dins@nal changes in response to
atmospheric changes in temperature and humiditgr¢ostability).

Fully quartersawn boards (i.e. with growth ringsse to 90° to the wide face) also
exhibit higher cross-grain stiffness, contributedy ray cells being aligned parallel
with the radial face.

There is no formal industry standard relating torstboard grading, with individual
processors developing broadly similar in-housesget Typical in-house grading of
spruce and cedar is shown in Table 10, with graaleging from master grade to A-
grade. Buyers select material which suits persprederences from within these
categories.

It is generally believed that a fine grained, etettured wood with uniform colour
throughout will produce a superior sound.

Lack of colour variation, is in itself, can be dfeetive visual means of avoiding the
presence of reaction (compression) wood in softwspeties typically used in
soundboards.

Typical growth ring widths for violins and violasesaaround 1mm, cellos 3mm, and
double bass 5mm.Whilst many luthiers will adheeadfastly to these parameters,
others may depart from these if other charactesistre suitable.

It is believed that the proportion of latewood &rlgwood be in the order of 1 to 4,
giving an overall density of about 400-450 kg (Bucur 2006).

As well as ring width criteria, it is generally wed desirable that growth rings are as
uniform as possible both radially (across) and glive soundboard’s length.
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Table 10 General spruce and cedar growth ringgaading criteria:

Growth rings per 25mm

Wide Medium Tight Very tight

4-10 10-14 14-20 20+

Very tight and tight straight evenly spaced granes$, No colour
Master: variation. No run-out. Excellent ring tone and sgth. Perfect quarter
cut 90 degrees. 100% Clear.

Very tight to tight straight grain lines, slightagiual widening of lines,
AAA: No colour variation. No run-out. Excellent ring eéoand strength.
' Perfect quarter cut 90 degrees. 100% Clear.

Variations in tightest of grain, straight grainds) No colour variation.
AA: No run-out Good to excellent ring tone and strenB#rfect quarter cuf
90 degrees. 100% Clear.

Very tight and tight straight grain lines or vaidas in tightest of grain
Colored: contains color variations. No run-out. Good to dbece ring tone and
strength. Perfect quarter cut 90 degrees.

May contain color and/or variations in tightest atichightness of graini.

A:Factory | Good to excellent ring tone. Quarter cut 80 - 9grées.

grade

. Contains color and/or variations in grain spactagst in grain. May
B Factory | csntain small pin knots. Satisfactory to exceliéng tone. Quarter cut
grade 80 - 90 degrees.

Australian soundboard species

Whilst there is little doubt that considerable grain-out presents a problem to
soundboard quality regardless of species, it ikelyl that such a dogmatic approach
to growth ring width and colour uniformity is apgaible in the case of the Northern
Australian native softwoods utilised in steel-ggracoustic instruments, such as those
in the Araucariaceae family.

These species grown under sub-tropical to tromicaditions do not produce the
remarkable close ringed anatomical regularity foumithe European or North
American coniferous species.

It is also apparent to anyone who has worked widlsé Australian softwood species
(shown in Figures 32 a-c) that their inherent cokmd grain variation would cause
trepidation amongst luthiers unfamiliar with thigicoustic performance’.

In short they would be rejected outright if theditepnal selection criteria were rigidly
applied.
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Bunya pifeducaria bidwillii)

Hoop pingr@ucaria cunninghamji

Kauri pifgathis robusta

Figures 32. Australian acoustidgusoundboards



Bending test

Some luthiers will conduct a form of stiffness asseent of soundboard material.
This may take the form of a rudimentary bendingj teand over knee) or may
involve more quantifiable testing procedures.

In either case, the luthier is endeavouring tosstee elastic properties both along
and across the grain of the raw material, which weay considerably from several
boards taken from a single tree.

The stiffness of the wood both along and acrosgthm (relative to a low density) is
believed to be of high importance regardless okftexies used, as the mechanical
load of the strings pulling the bridge is universainstrument design. It is also
believed that a stiffer wood sample (than one efshme density) may have the
potential to more efficiently radiate sound thdess stiff, higher density soundboard
(Richardson 1994)

Although recent advances in the use of carbon-fibirorced bracing and kevlar
substrate soundboards, have to some degree legbenetportance of these stiffness
characteristics, for the majority of instrumentsd@ait is still of great importance.

Tap testing
Luthiers may also employ an intuitive techniquewnas tap-testing both in the

selection of soundboards and back and sides, andrathe process of reducing a
soundboard to its final dimensions in the instruteamstruction process.

This method would typically involve holding a soladrd (in rectangular form) at a
nodal point (one quarter length and width) and itagpphe sample to identify the
longitudinal and radial (cross-grain) tones. lg&nerally believed that the higher
pitched tap tones (from samples of equal lengtkh) toth ‘clarity’ and duration of
tone are indicative of materials with higher soustbcity and efficiency in
transmitting received energy (string energy vialihidge).

This assessment also enables an estimate of tleeiatatnternal damping, where a
clearer, longer lasting ring is interpreted to digiow internal damping.

This process is inherently subjective and can teadriations in assessments,
however the process can provide an effective sefetiol to experienced luthiers.

(b)
Along and across grain bending vibratierblue zones represent non-moving nodal
points
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(€)

Torsional vibration— blue zones represent non-moving nodal points

Figures 33 a-c. Principal vibrational modes of @aegular plate.
(Source Caldersmith 1983).

6.1.2 Back and sides
A summary of the critieria typically used for theection of material for backs and
sides assessment is presented in Table 11.

In terms of the processing (quartersawing) anchisence of defects the criteria for
backs and sides are generally similar to thosediabove for the soundboard.
Ideally a quartersawn board with grain relativedyagllel to edges will assist with
board stability.

The degree of grain run-out and departures froty fiuartersawn material are
tolerated to some degree in appraisals of matienddack and sides, particularly
where striking grain or colouration is present.

The wood must also be responsive to bending (fl@s3iand possess other basic
wood working properties (machining, gluing and gling)

Table 11

Backs and sides Up to 220mm x 550mm long (k¢
110mn8%0mm long (sides)

Clearwood — absence of defects/discontinuities
(knots,cracks,holes etc.)

) o Aesthetics —attractive grain, colour
Visual criteria

Quartersawn —minor transition to nominally backsawn accept

Grain — straight and uniform, relative to board edges (absef
major grain ‘run-out’) Less relevant than for sobodrds

Auditory Tap testing —nodal point restraint and tapping to excite bendir

19

modes and assess clarity and duration of ring tone
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Whilst the back and sides are significant contobsito the overall sound of an
instrument, it is also true that they are competiisgally for the attention of buyers
in the market place.

Over one hundred years ago the Spanish luthierrQscees (considered by many to
be the Stradivari of Spanish guitar makers) setmdemonstrate the importance of
the soundboard relative to the back and sidesphgtoucting an instrument with
paper mache back and sides and a high quality oand. The resulting guitar was
reputed to have functioned well ‘acoustically’ diésphe dramatic departure from
design orthodoxy.

The use of a variety of tropical hardwoods andréoent adoption of a number of
Australian species in the back and sides of stdngstruments, also confirms that the
diverse use of materials in this role, combinedwaigh quality tops is not a major
limitation upon sound quality.
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6.2 Scientific evaluation
The tonewood evaluation in this project involved fparts;

Part 1 — Preliminary evaluation

The preliminary evaluation involved the measurenagrt presentation of some
material properties of a number of Australian raspecies used in lutherie,
focussing on materials used in soundboards andskatk sides. These are shown in
in Table 12 & 13

Species used for components such as necks, frdtbaad bridges, are also listed on
the basis of their current use, or potential taibed, with data on their basic wood
properties (from previously available data sources)

Part 2 — Instrument material evaluation

This part of the project involved the constructadrfour steel-string acoustic guitars
(bunya pine soundboards with Queensland maple dadlsides) and an examination
of the relationships between the wood material @rigs used in their construction
and the instrument sound characteristics.

The instrument evaluation was focussed primarilghanrelative contribution of the
natural variability found ifbunya pine soundboards on instrument sound
characteristics.

Background

The ‘scientific’measurement of wood properties dratlitional’ luthiers’
assessments are alternate pathways to approprdteiah selection.

The visual and auditory cues utilised by luthiera$sess wood properties known to
contribute to acoustic performance, can be vievgeginaevaluation of proximate
characteristics of the underlying wood structure(enicro-structure) and the way
these structural units are arranged within thegdasf symmetry in the stem (or
board).

Put simply, the building blocks of wood at a venyadl scale and how they are
arranged in three-dimensions, are very importadetermining many bulk properties
of processed boards. These properties can in gterrdine how efficient the material
IS in receiving and propagating sound energy, hecefore the materials potential as
a tonewood.

The following introduction to the relationship be®n the structural elements of
wood and its ‘acoustic characteristics’ providesraight into the rationale behind
many of the ‘traditional’ evaluation criteria empéa by luthiers.

It also provides a methodological tool for evalngthew wood species and may also
assist with the selection of optimal material frathin a species.
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6.2.1 Wood-structure

Macro-structure

Wood is essentially comprised of elongated fibtescheids) aligned generally with
the axis of the tree trunk. These fibres are hollowystalline) tubules bound together
by a form of cement known as lignin (Figure 34).

The cell walls are composed primarily of cellulase crystalline structure and are
highly efficient at propagating received sound ggdalong the grain), whereas the
cement (lignin) is amorphous (lacking directionalisture) and acts as a damping

agent to sound energy propagation (Yahal.1994).

The (crystalline) walls of these fibres are belate provide an (along grain) pathway
or ‘wave guide’ for sound waves to travel (Bucufgp

Increased fibre (tracheid) length may also assi#teé transmission of sound energy
along the grain. It has been suggested that ieeepwith longer fibres, there are
fewer obstacles (fibre junctions) along this pathfa a given length of wood, than
in a material with shorter fibres (Bucur 2006).

As a result of its cellular components and annoaith variations, wood is
structurally different in each plane of symmetryodd is thus described as
anisotropic unlike many synthetic materials which can bectmally homogenous in
all directions.

Consequently the elastic (stiffness) and acoustipgrties of wood are also distinct
within each plane of symmetry (approximate rati®@of1.5 : 1 ; along grain, across
grain and tangentially).

The ratios of the acoustic/elastic properties asthplanes of symmetry can provide a
tool for characterising materials, and the resgltndices used to establish
relationships with the requirements of particufetiument components.

Generally, amongst materials of equal densitywbed with a higher along grain
velocity of sound will also have higher stiffnegsswodulus of elasticity (MOE) along
its length.

The direction of the tracheids, axially in the ku@along a board length) results in the
velocity of sound being significantly faster inghdirection, than in either cross-grain
or tangential directions.

In the radial plane (across a board in quartersaaterial) the ray cells (shown in
Figure 34) provide structural support in this dil@e. The alignment of these cells
parallel with the board width is sawing dependemt an important contributor to
cross-grain stiffness.
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size and distribution of
tracheids

Radial face

Ray cell .
Tangential face

G
Figure 34.Scanning electron m
of Bucur 2006)

icrograph (SEM) obnesice Spruce (photo courtesy

Micro-structure

The cell walls of fibres, are in turn composed ystallized cellulose micro-fibrils
(Figure 35), the angle of which (micro-fibril angle MFA) strongly influences the
velocity of sound and the stiffness along a boéedgth (Yancet. al.1994).

The angle of these micro-fibres (relative to thagitudinal axis of the fibre) can be
measured using Silviscan®, an automated wood asahgrument developed by Dr.
Robert Evans at the CSIRO. Materials Science amghEerring laboratories in
Melbourne. The instrument is a rapid wood analggggem which can also provide
information on the width of cellulose crystals Iretfibre wall, fibre dimensions in
radial and tangential planes, detailed radial dgmsbfiles, cell size and distribution,
and fibre coarseness and roughness data.

The high values for along-grain stiffness in resaaspruce are strongly influenced
by the relatively low angle of its cell wall micfiarils (in the secondary cell wall or
S2 layer). In comparison to other woods sprucensarkably stiff (along grain)
relative to its density.

In spruce, the regular arrangement of these stalatlements (Figure 34) within the
planes of symmetry also produces relatively homogsrelastic/acoustic properties
along and across boards. An understanding of {regeerties can refine the material
selection process and assist with the identificatibalternative species.
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Micro-fibres in S2
layer

Middle | I
Adjoining fibre ladle lamella

(tracheid)

Figure 35Representation of a fibre wall. PW indicating peipnwall; showing the
three cell wall layers. (source Dowretsal 1997)
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6.2.2 Preliminary evaluation
The first stage of the evaluation involved the nieaient of a number of relevant
wood properties, using;
» Ultrasonic transmission techniques providing;
0 Speed of sound along the measured axis - metrezepond (MY
0 Meritindex - Acoustic radiation (Longitudinal velity to density
ratio) - nf kg s™
» Tabulation of previously published data on;
o Overall and unit shrinkages
o Air dry Density — kg m
o Strength (Modulus of elasticity) - GPa

Data presentation

These data on material used for soundboards arkddoalcsides are shown in Table
12 & 13. The information will hopefully provide gasting point for the existence of a
reference of currently-utilised and lesser-knowrst#alian woods for their suitability
as tonewoods.

A number of higher density species either curreasigd, or with potential for use in
fretboards, bridges and other ancillary partsaelated separately in Appendix 1.

The table of wood species presented representsbarwof species currently used
and others with little history of use in instrumemaking.

Whilst the requirements of classical, steel-stririglin, cello, double-bass, mandolin
and countless other makers are variable, thereiadamental wood properties which
are common to each.

The ‘acoustic data’ is a combination of work undken within this project that has
been matched with pre-existing data on mechanroglgsties and densities compiled
and by the former CSIRO Forestry and Forest Praduct

Interpretation of results

It should be emphasised that the small numberrmapkss measured per species
prevents definitive conclusions being made aboitiaisility as a tonewood. This work
is also preliminary in nature with more detailedessments required to gauge the
usefulness of the many species available.

That wood is a highly variable material cannot bgkasised enough, and species
densities and sonic potential will also vary assult of the interaction of growing
environment, genetics and within tree charactessti

Densities may range substantially around literatataes and elastic properties may
also be variable. Basic wood working properties a¢xjuire evaluation in order to
realise the material potential.

Data tables

Important values in data tables for soundboard nadt&re theacoustic radiation,
which is a measure of sound velocity along thergfeontributing to stiffness)
relative to density. Higher values indicate a boaitth higher stiffness, relative to a
low density (mass per board volume), representmegenerally preferred criterion
for soundboard material.
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Table 12

SOUNDBOARDS
- 0
? Shrinkage _% o ~
5 - R
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COMMON | ¢ | 3 8|5 | 5| B
NAME 2 ° s | o | X B Eg = <
Genus species o 8 ‘5 > o~ S | © S o
- c - — . o @ (O]
= ) = o o )
n IS =) = z > L w
§ |0 & E 7 g
5 : s | 8] *
o N <
o
S |03 6
WATTLE, 667 Ic—u 12
SILVER AUS. 605-815 8 5270 9.5 (1650)
Acacia dealbata S | o2 2
4
o
S | 03| 4.2
BLACKWOOD 640 Ic—u 13
Acacia AUS. 629-675 26 5190 9.1 (1750)
melanoxylon S 102! 16
4
QUEKEAI\\IUSII?_IAND 466 % 02 34 7.8
) - .
NORTH AUS- | 427508 [ 34 | 4680 | 98 | (1430
Agathis robusta g 01| 22
o
CANDLENUT 465 S| " *
Aleurites AUS. 450-480 = 2 4990 | 11.8 9.1
moluccana g’ * "
4
o
CHEESEWOOD, | AUS, g 102 28 9
WHITE P.N.G 415 = 10 | 4816 | 11.2 (1320)
Alstonia scholaris S 101l 19
4
PINE, BUNYA 458 % 021 4 13
, [
Araucaria bidwillii | A5 | as2-474 [ 48 | 5160 | 104 | 1550
o 0.1 2.1
4
AUS. S
S | 02| 33
PINE, HOOP | PNG | 0 | & 13
Araucaria . 517.541 12 | 5235 | 10.2 (1880)
cunninghamii IRIAN g’ 02 | 225
JAYA o ' '
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PINE, KING 2| - 4
WILLIAM t 408 — 6.8
Athrotaxis AUS. 396-420 - 17 | 4270 1 104 (990)
selaginoides = * 15
@
)
PINE, HUON *t 543 S 0.3 3.2
Lagarostrobos AUS. = 12 | 4420 9.1 7.9
franklinii S09-577 1
IS 0.1 2.4
04
QUANDONG, N.S.W % 0.2 4.3
SILVER 469 —
. 6 4850 | 9.9 11
Elaeocarpus QLD 452-486 [
grandis ’ nc:u 0.1 1.4
)
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Euroschinus . 538 = 5 5490 | 10.3 11
falcata QLD. ° * 13
04
TRt 646 5 |02 | a4
|_
Phyllocladus TAS. 624-668 | 48ra | 1.4 12
asplenifolius kS 012 | 16
m‘ *
PINE, BLACK T | , g S 3.5
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aramus e * 15
@
)
CEDAR, RED t g | 02 | 43
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australis E 02 | 2.05

Density and unit shrinkage data ; létal (2000)

MOE values; Bootle (2004)
T indicates limited availability
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Table 13

BACKS AND SIDES
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SASSAFRAS, =2 0 0
SOUTHERN 630 e
Atherosperma 627-634 ;
moschatum E 0 0
o
ALDER, BROWN g 0 0
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)
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APLE 2 | 025 | 555
; 580 F
QUEENSLAND 10
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o
o
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o
o
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o
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SATINBOX t = 0 0
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squameum 3 0 0
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2 | 019 | 34
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Density and unit shrinkage data ; létal (2000)
MOE values; Bootle (2004)

T indicates limited availability

** Imported from New Guinea
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6.2.3 Instrument material evaluation

This component of the project involved a collaboratvith Maton Guitars in
Melbourne, and the manufacture of four steel-stdrepdnought style acoustic guitars
(with cutaways and pick-ups) using materials subpbto both acoustic testing and
wood micro-structural analysis. The small numbenefruments made in this study
prevents definitive conclusions from being drawm, éstablishes a methodology for
further appraisals.

The principal aim of this part of the instrument evaluation was to establish the
extent of any relationships between variationsin measured material properties and
final instrument sound characteristics.

Methods

Material for four guitars tops were selected froepanmercially utilised native
soundboard species;

= 4 plates selected from 30 bunya pine bookmatcheddimards

The 30 soundboards were measured in detail andaised in terms of their acoustic
properties and wood micro-structure (Silviscan®3lagwn in Table 14.

The ultrasonic velocity measurements were takebati the full rectangular plates
and a strip (subsequently used for Silviscan arglyaken from the bottom of one
half of each soundboard. The measurement pointshangn in Figure 36.

The four soundboards were selected on the basistiidmes of the measured material
properties (acoustic/elastic and micro-structuaakl combined with seven
Queensland maple back and side sets, selected3bm@uts, based on the
homogeneity of measured properties (Table 15 & 16).

Minimising the variability of the back and sidesfigssed on the contribution of
soundboard quality to finished instrument charasties.

Table 14. Soundboard measurements

Velocity of longitudinal | Along grain  (\,)
sound waves — full plates

and silviscan strips Across grain  (¥gr)
(ms?

Acoustic
properties
(Ultrasonic
transmission)

Tangential (V)

Acoustic radiatioim* kg

sY Ratio of along grain velocity to density

Secondary V‘c’)a” MICro- | 5mm intervals radially (along grain
fibril angle () stiffness indicator)

o Silviscan® derived . , .
Silviscan® data| modulus of elasticity 5mm intervals radially (along grain

(GPa) stiffness indicator)

Radial density profile
(kg m®)

Continuous data
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Figure 36 Measurement points on soundboard piatesSilviscan strips.
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Instrument manufacture

All instrument component dimensions (soundboardskland sides, neck
construction, fretboard, bridge, internal bracingtenial and placement) were
controlled by CNC processing methods to minimigedhance of dimensional
variations impacting on sound characteristics.

Plate selection

The four bunya plates were selected on the basheaéxtremes of acoustic and
Silviscan® wood property data summarised in Tablelthages of the full plates are
shown in Figures 37 a-d.

The variations in density, acoustic velocity andiScan® data on wood micro-
structure (micro-fibril angle and modulus of ela}i) drove the selection process.
Table 15 also shows the same data obtained froka@d pine soundboards subjected
to the same testing process. This data providexhgarison between these two
species.

Table 15. Summary of soundboard properties

. Mean Mean sound | \\o nsilviscan | Mean MFA | AcOUStiC
Species | Plate # Densngl velo<_:|ty alon_ MOE (Gpa) o ra(2|at|0r?l
kg/m grain(ms ™) (m“kgs™)
) 23 410 4751 7 19 115
Eﬁ]“;' 15 454 4475 6.3 235 9.8
22 483 3748 5.3 30 8.1
5 434 5610 12.7 11.6 12.9
bunya 16 440 5674 12.7 13 12.2
pine 18 490 4974 9.8 22.4 10.5
30 560 3773 7 30 6.8

Table 16. Soundboard and back & side combinatises in manufacture.

Species Plate # Guitar Species Plate # Densn¥ Sound v_elocny -1
# kg/m along-grain m s
5 1 1 684 5019
bgnya 16 4 Qld. maple 22 690 4860
pine 18 3 23 684 4919
30 2 30 705 4836

Considerable variation was found both within antiMeen plates of each species.
Table 15 shows that the mean plate sound velolatygahe grain varied between
3773 and 5674 mi’sfor bunya and 3748 to 4751 i for the kauri soundboards. For
both species the plates with a slower velocityoafr&l along the grain also had higher
overall mean densities.

The along grain stiffness (Silviscan MOE) also dased with decreases in sound
velocity and increases in the angle of celluloserafibrils in the secondary cell
wall. This underlines the contribution of MFA tcethlong grain stiffness properties
of boards.

Table 16 shows the combination of bunya pine aneée@sland maple plates used in
the four instruments manufactured.

The plates chosen represent soundboards contdirergghest along grain stiffness
with the lowest density, through to the lowest glgmnain stiffness with the highest
density.
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(&) Guitar 1 —plate 5 (b) Guitar2 — plate 30
(c) Guitar 3 — plate 18 (d) Guitar 4 — plate 16

Figures 37 a-d The four bunya pine soundboarngplased in the evaluation.
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Table 17 shows that the mean along grain velocit/the stiffness (MOE) of the
kauri plates was lower than the bunya plates, athdhere was an overlap with the
lower values of the bunya and the higher valugb®kauri.

The mean radiation values were similar for botlcE®e(9.5 kauri and 9.2 bunya).
The lower mean density of the kauri (443 compaoed95 kg i for the bunya)
contributed to the marginally higher radiation eatvhich is derived from the along —
grain velocity divided by the density.

Table 17 Summary of wood properties

Data on all plates tested
kauri bunya

Sample no's. pine pin)é Qld. maple

24 30 30
Mean density (kg m ) 443 495 643
Mean maximum density (kgm =) 732 863 *
Mean minimum density (kg m '3) 290 280 *
Mean micro-fibril angle © (MFA) 23.8 22 *
Mean maximum micro-fibril angle © (MFA) 31.8 29 *
Mean min. micro-fibril angle © (MFA) 17.2 14 *
Mean modulus of elasticity (MOE) GPa 6.2 9.6 *
Mean max. modulus of elasticity (MOE) GPa 8 13.6 *
Min. modulus of elasticity (MOE) GPa 45 6.7 *
Mean velocity-along grain  (m s™) 4192 4538 4565
Mean velocity-across grain =~ (m s'l) 1622 1603 1493
Mean velocity-tangential  (m s'l) 1338 1350 1105
Mean acoustic radiation m “kgs™ 9.5 9.2 7.1

Table 17 shows a summary of the wood properties| plates tested for the
manufacturing evaluation. The principal differenbesveen bunya and kauri pine are
in the mean along grain velocity of sound and te@malong grain stiffness values
(MOE), which were both noticeably higher in bunyaep

There was little difference in the values of soustbcity in the radial and tangential
directions and the overall angle of cellulose miftboes in the secondary cell wall,
which were relatively high (compared to resonanmece) in both cases.

Focussing on the bunya pine Silviscan data shoviAigares 38 & 39, relationships
between density, modulus of elasticity and miclwifiangle can be seen when
images of the corresponding soundboard half ardaetevith this wood property
data.

As the material is quartersawn Figures 38 & 39 @®wa radial profile of the
soundboard half (from the resulting guitar bodyeetigjits centre) with the bark side
of the strip oriented to the soundboard middles®stablishes a link between the
Silviscan material (microstructural) propertiesass the soundboard half, and the
corresponding visual characteristics (macroscopic).

Figure 38 shows plate number 16 from table 15 esgrting a relatively low density
(440 kg/m) soundboard, with higher mean along grain stifind®.7 GPa) and lower
overall micro-fibril angle.

In contrast Figure 39 (plate 30 from table 15) sh@wsoundboard with a mean
density of 560 kg/rh) lower mean along grain stiffness (7 GPa) andively high
micro-fibril angle.
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In Figure 39 the areas of higher density, higheAMBwer stiffness (MOE) and
lower along grain sonic velocity appear to coincidth the darker regions (‘brown
wood’) across the soundboard profile.

This highlights the variability of wood propertis'sm within a species (and across a
single soundboard) and the potential for theseatians to impact upon the bulk
properties of plates and consequently the soumastfuments made from them.

It also demonstrates the extent to which readieolable visual cues (brown wood
in this case) can reflect substantial varationsnderlying wood material properties.
Appendices 4-8 show some additional profiles Stlarsprofiles of bunya and kauri
pine matched with images of the corresponding sboandl strips.

Figures 40-41 focus on the regions outlined inregu38-39 in higher resolution

(1mm step-size), to demonstrate the impact of tiarian wood properties has on
sounboard mechanical properties.
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16A bunya pine
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Figure 38 Plate 16 (guitar four) Mean: densi ty 440 kg/m . MOE 12.7 GPa - MFA 13°- along grain sound veloc ity 5674 m/sec.
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Figure 39. Plate 30 (guitar two) Mean: densi ty 560 kg/m ®_MOE 7 GPa- MFA 30 °- along grain sound velocit 'y 3773 m/s

78



30A bunya pine
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Figure 40 Detail of high resolution (1mm step-yigdviscan radial profile 170mm -210mm
from figure 39

The high resolution ‘window’ above, of Bunya souadhd 30A from figure 39,
focuses on regions of compression wood on eitlier gi a band of relatively
‘normal’ wood. The characteristics of compressionuniformly high density
(independent of early/latewood variation) accomedriy very high MFA, and low
stiffness (MFA). The central region of normal wduwak the expected pattern of
early/late wood density variation (peaks in latedr@and troughs in earlywood), with
stiffness (MOE) peaking within latewood bands, aapanied by the lower MFA
characteristic of latewood microstructure.
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Figure 41Detail of high resolution (Imm step-size) silviseadial profile 1770mm -190mm
from figure 38

In constrast the high-resolution profile of sounaltabl16A, from figure 38,
demonstrates the contribution that an overall logetirwall MFA in normal wood has
on the along-grain wood stiffness properties (MQ&lso displays the density
variation normally associated with ring boundafjgsaks in latewood and troughs in
earlywood).
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Instrument evaluation

The evaluation of instruments was undertaken onléwels;
* Subjective ; player appraisal
* Objective ; frequency response method

Subjective assessment

This testing was undertaken in the CSIRO laborasan Clayton.

Tenaccomplished guitarists with previous exposurdeelsstring instruments of the
type constructed were given the opportunity to tiagefour instruments within the
species group (Figure 42)

It is freely acknowledged that there is no predisénition of an instruments sound or
of its overall ‘quality’, and evalutions are likely be personal and a combination of
many factors.

Therefore, no attempt was made to direct playdosaategorical ratings such as
attack, sustain or high/low end responses. An divelative rating of the four
instruments within the species group was prefensith, players given the
opportunity to note any particular instrument clegegstics.

This focussed the player evaluation on any perdeiliéerences between the four
instruments rather than any broader comparative.aim

No information was given to players regarding theod properties of the four
soundboards to avoid the formation of preconceideds.

e B

i ik i o | .
Figure 42. David Chin undertaking a ‘subjectivesessment of the instruments
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The player assessments in Table 18 indicate thregsagjiven for each of the four
instruments. The number of rating ones (an indiaigiayers first preference) for
each guitar was not markedly different across ¢l instruments.

Guitars one and four were marginally favoured wiitee preferred (number one
ratings) with guitars two and three receiving tvealein this category.

Overall guitar one was rated first or second mostgored, by eight of the ten
respondents, and guitar four was rated rateddirsecond, by six of the ten players.

Guitar two was rated as third or least preferrgdgight of ten players, and guitar
three was rated third or least preferred by sitheften players.

Table 18 Relative player ratings

Instrument number

Guitar 1 Guitar 2 Guitar 3 Guitar 4

Soundboard 5 Soundboard 30| Soundboard 18| Soundboard 16

Dens. 434 kg th | Dens. 560 kg th | Dens. 490 kg th | Dens. 440 kg th

MOE 12.7 GPa MOE 7 GPa MOE 9.8 GPa | MOE 12.7 GPa

MFA 11.6 MFA 30 MFA 22.4 MFA 13

Along grain sound | Along grain Along grain Along grain sound

velocity ; sound velocity ; | sound velocity ; | velocity ;

5610 m & 3773m3g 4974 m & 5674 m 8
Rating 1 3 2 2 3
Rating 2 5 0 2 3
Rating 3 1 3 3 3
Rating 4 1 5 3 1

It should however be emphasised that it was gdgerated that the instrument
quality was high and the ‘tonal range’ narrow betwéhe preferred and non-
preferred instruments.

It is also noteworthy that the soundboard of guibar inadvertently contained a knot
adjacent to the scratch pad, which appeared to litdgempact on the tonal quality
of the instrument in terms of the player appraisals

Objective assessment

Player or listener-based instrument evaluatiomigberently subjective process
which can benefit from comparisons with ‘objectimeethods which measure and plot
instrument output over a range of frequencies.

Analysis of instrument frequency responses has pemnously utilised both within
luthierie and in scientific assessments alike.

By overlaying player ratings with measured instratr@utput across a specific
frequency sweep (between 25Hz and 2000Hz in tleg)caorrelations may be
observed between guitars perceived to be of ‘higbw quality’, and characteristics
of the resulting frequency responses. Previous wotkis area (Caldersmith G pers.
comm. 2007) has established that instruments higltéd in player assessments
generally have frequency responses with obsendifi&@ences from less favourably
rated instruments.
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This offers both an instrument evaluation tool atsb a potential to guide post-
construction improvement through minor structuraldifications. This information
can then feedback into improvements in subsequstrument construction.

Figure 43 is a schematic diagram of the ‘objectesting’ procedure.

An input of pure tone and constant amplititude gaserated and delivered to the
instrument bridge (¥ string) via a laptop running NCH® tone generatgtvgare. An
automatic frequency sweep was run through a PQuBnscope® spectral analysis
software to record the output of the tonal inpubgs microphone positioned
opposite to the instrument soundhole.

The range of the frequency sweep was from 25 F2zKidz. The resulting output via
the soundhole represents the instruments reponsgsatis range of frequencies.

Laptop Laptop
running running
PoScope® NCH® Tone
program generator
Power
Poscope data amp
logger
/ }
Ultra-gain
pre-amp
Vibration [™a
Magnet A
oyl
O i
1
Microphone Transducer g_;_
Attached to sound bridge

Figure 43. Schematic diagram of spectral analyseslun the objective evaluation of
instruments (Equipment and methodology provideibyavid Chin)
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Frequency response testing

The instrument response to the input of a pure i®aecomplex set of vibrations
which combines or ‘couples’ the movement of theptgie, back and internal air
cavity. It has been observed that at particulajfescies an instruments vibrational
response reaches a maxima (seen as peaks on g sweere the net affect of the
plate deformations coupled with the internal casaityflow is maximised.

This enables particular peaks on a frequency responart to be identified as relating
to principal vibrational ‘modes’ of the guitar ptgtand air volume.

Previous work using holographic interferometry (Mand Stetson in Jansson 2002)
and Chladni patterns (Erndl 2007)) has assistegtablishing relationships between
the location and phases of the vibrating guitatgpam response to specific frequency
inputs.

Holographic interferometry uses a laser based meamnt of vibrational amplitude
which generates a ‘contour’ map plotting areasouia vibrational intensity
(Richardson 1994). The resulting ‘patterns’ shoeaarof the instrument that are
vibrating (anti-nodal) or stationary (nodal) and cketermine whether they are
moving together (co-phase) or in the opposite tdmadanti-phase).

Figures 44 a-c represent a collection of imagesvsigpsome vibrational modes using
this technique.

The instrument pictured has modes as follows;esomnance, A(0,0) at 103 Hz, T(0,0)
at 215 Hz, T(1,0) at 268 Hz and T(0,1) at 436 Hze fiaming convention (0,1)
indicating zero nodes along the soundboard lengthome across the grain, or
alternately (1,0) having one along-grain node ammkeracross the soundboard.

 (b)52z Top and back O, 0)”

o' S .8
(a) 103 Hz Top and back A(O, O)

(d) 436 Hz T(0,1)
Figures 44 a-d Hologram interferometery (ImagemfRichardson 1994). Blue lines
showing nodal (non-moving) region.

(©) 268 Hz1TQ)
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The corresponding frequency response would digpaks at 103, 215 and 268 and
436 Hz, where these modes are being excited. Wineteaon the instrument string is
plucked which corresponds to these mode frequeliEigare 45), the energy is
efficiently and rapidly converted into sound, whitlay be perceived as a loud sound
of short duration (Richardson 1994).

56 ® 8

& =4
o =
Fi == [ ]
iee——
S8va #O
103 213 268 436 553 Hz

Figure 45. Notes corresponding to principal modes.

The location (frequency) and height (amplitude) brehdth of peaks are determined
by a number of factors including instrument sizd dasign, bracing type and
placement, bridge design and location, materialoghand thicknessing.

The relative height of output peaks is one deteamiof radiation efficiency
(Caldersmith 1995).

The lower frequency range is dominated by the éxdkitoupling’ between the top,
back plates and the air cavity and is believedetam important contributor to
radiation efficiencies of the instrument. (Rus2607).

The location and relative postion of these lowestles (0,0; 0,1; 1;0, 2,0) can
therefore provide a ‘compass’ to control aspecthefsound characteristics of
instruments, particularly when dealing with new pstzes and materials
(Caldersmith 1995).

Work by Richardson 1994, emphasises the importahtiee first, third and fourth
modes (0,0, 0,1 and 2,0) in the overall guitactiom at all frequencies.

The response spectra of the four guitars in thefteguency range (25Hz to 250Hz)
are shown in Figure 46.

Some principal mode geometries were identifiedlierfour guitars and are shown in
Table 19.

Table 19. Low frequency mode frequencies

A 0 — Air mode | Top (0,0) Top (1,0) Back (0,2)

Freq (kHz) Freq (kHz) Freq (kHz) Freq (kHz)
Guitar one 102.5 190.2 309.1 375.9
Guitar two 104 188.7 315 382.4
Guitar three 104.5 190.2 315 392.3
Guitar four 104.7 215.5 - 396.8
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It was noted that guitar one also had a lower AOrésonance) at around 102.5 Hz.
The AO of an instrument results from a vibratiosyphchronisation of the back and
top-plates expanding out of phase (away form e#loérpcreating a ‘breathing’
process as air is drawn into and expelled froncthaty.

Also identified in the low frequency range is thiedlamental top plate resonance
T(0,0) at around 190Hz, where the top plate andtaine soundhole move together in
phase (Russell 2007). This is often seen as arlexe doublet’ (two close peaks)
with the lower of the two peaks resulting from tieek plate moving in antiphase to
the top plate motion (Caldersmith 1995).

A back plate (0,2) mode was also present at ar890¢iz indicating two cross-grain
nodal lines. In this mode there is very little f@pte motion (Russell 2007) explaining
the lower amplitude of this peak in the sweeps.

Sound pressure level (dB) vs. frequency (Hz)

o .
) —guitar 1
0 .
[} guitar 2
o=
3 guitar 3
m)

— guitar 4

Figure 46. Edited response spectra of the fouagaiih the low frequency range
(25Hz t0250Hz)

It was observed that the output (dB) was genehadjiier across the lower frequency
range (up to 200 Hz) for guitar one, than the othexe instrument Figure 47. There
was also a noticeable offset of peaks in this rdadgewer frequencies for guitar one,
whereas the remaining three guitars were broadiyiasi.

For frequency ranges between 180Hz and 60Hz, guiathad a measured SPL
(sound pressure level) that is approx 4 db highen the average SPL of guitars two,
three and four.
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Comparison of Sound pressure level (dB) -
Guitar one vs. mean of guitars two, three and four

Decibels (dB)

‘—Guitar one —Meanof2,3&4 ‘

Figure 47. Edited low frequency response of guitee SPL vs. mean of other
instruments.

Discussion on frequency response interpration

Deriving useful information from frequency resposisequires both the identification
of the various modes of the guitar within the speand comparsions with references
obtained from listener/player appraisals.

The testing procedure itself was highly repeatabterms of the location of principal
mode frequencies, whereas the measured sound présgels are dependent on the
effectiveness of the coupling of the transduceh&oguitar bridge and the microphone
placement. This is analogous to different top phateles being triggered by different
guitar playing styles.

In other words the sound pressure level measuraaddlonly be used in a
comparative sense between guitars for a fixedctasiguration, which should be
maintained between tests (i.e. the method of sexwfation will influence the
amplitude and decay rate of the components of atg/ generated (Richardson 1994);
The testing is therefore analogous to trying takla string with the same force and
in exactly the same way.

In the sweeps of the broader frequency range (20DWO kHz) a general absence of
larger amplitude peaks was noted. This did not ntleainthese resonance peaks did
not exist, but may have been absent due to thefi®Rithe guitars being lower than
the level of background noise.

The test equipment may not have been able to dissh them from the background
noise. Therefore, it may be useful to improve tRé& Signal to noise ratio by driving
the soundboard harder as well as conducting th& itea low noise environment,
such as an anechoic chamber.
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Conclusion

Player and listener based instrument evaluatiamhisrently qualitative and highly
personal in its nature.

Frequency sweeps indicate the potential to subggtcapture information relating to
the mode geometry of instruments, and shows thré&itian in response exists even
within a highly controlled manufacturing proceskisTis of little surprise considering
the natural variabilty found in wood both in itsustture and processing.

Whilst the reponses of guitars two, three, and feeire similar, the overall higher
‘output’ previously noted of guitar one, coincidedh favourable player evaluations.

Previous work (Caldersmith 1995, Meyer 1983, anthRidson 1994 have
demonstrated the practical benefits of using fraqueesponse measurements during
assembly and post-construction to enhance instruquendity and reproducibility of
desired acoustic characteristics.

The collection of larger data sets of ‘rated’ instents of the same type, and
corresponding frequency responses, would enable nobust relationships between
human ‘quality’ perception and measured outputed@$tablished.

The variations in wood properties of the selectmtchslboards also appear to have
been broadly identified in the player appraisatse Two higher stiffness/acoustic
velocity (along grain) and lower density soundbsgfl& 16; guitars one & four),
were rated marginally better within the group, ttiaalow velocity/stiffness, high
density soundboards (30 &18; guitars two & three).

6.2.4 Application of results

Ultrasonic stiffness testing

Two important aspects of an instrument manufacfupiocess are;
» reproducibility of desirable sonic characteristics
* longevity of instruments post manufacture

This is of particular relevance to the soundboardsrange of stringed instruments
because of its significant contribution to soundrelateristics and where bridge
rotation or lifting can occur or sound-hole collamevelops over the life of an
instrument.

Given the variability of wood as a raw materialgats contribution to both the tonal
quality and the longer term structural integrityre$ulting instruments, it is important
to examine low-cost and effective ways of charasitey material properties which
may limit sound quality or instrument longevity.

Raw materials of a known density (derived from digiens and a mass) can be
readily assigned a stiffness value (both alongandss grain) using a simple non-
destructive ultrasonic testing procedure.

Such testing enables large quantities of raw nmedsetd be assessed prior to, or at the
point of purchase, and be scrutinised in a meatirabnner.

This may be advantageous to both producers andigas of tonewood products,
and particularly large scale manufacturers whadaading with larger product
volumes, high pressure production environmentsaagbing product liability issues.

Segregation and stratified pricing of tonewoodsadly occurs in the production of
classical orchestral instrument soundboards wherdteasonic device known as a
Lucchi meter® is often used to quantify along aramks grain stiffness, based on a
density input, but has not been universally emltaeoss other areas of lutherie.
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Avoiding, or minimising deformation of soundboard®ne obvious advantage of a
better understanding of the bulk properties ofrive material. This also allows for
the potential to explore instument sound improvemérough a reduction in
soundboard thickness and/or bracing mass in resgore quantified soundboard
stiffness value.

In addition, higher stiffness material may be selddor subsequent breakdown into
bracing material.

Frequency response testing

Establishing the mode geometry of instrument modkéls preferred sound
characteristics can establish references for opiilgiand maintaining desirable
instrument sounds, and also guide the processvaela@gng new models and dealing
with new materials.

6.2.5 Summary

There are many wood properties which can be meashat contribute to a materials
acoustic characteristics, and the resulting sodimastruments made from them.

As well as the wood properties measured in thismtedecay times (damping
characteristics), particularly at critical frequasscare acknowledged as important and
should be the subject of future investigation.

It is also true that different instruments will i subtly different material properties
for the same components in order to produce deswadd characteristics.

However, ultimately the raw material is transformedoth shape and dimension in
the hands of a luthier, into something that is ntbea the sum of its parts, a process
which in many ways defies scientific understanding should be accepted as such.
Instruments have been and continue to be concanéddreated without the necessity
of a scientific approach and are bought, sold d&dished in the same way.

Blind player/listener assessments often defy attengpcharacterise what raw
materials have been used in back and sides or boariconstruction, and in many
cases throw up suprising results.

The term ‘psycho-acoustics’ has been used to desbrman responses to instrument
evaluation where a myriad of factors influence apis not the least being knowledge
of the instrument maker, visual cues, culturaldexaind the emotional connection to
the music and even the way a player/listener ikrige

Magazine advertisements often link instruments vatmic cultural imagery, when

the manufacturing process may be geographicallsefaoved, emphasising that
underlying allegiances and purchasing decisionsliaven by many things.

Notwithstanding, it is important that innovationtban terms of material use and
from a design perspective continues, enabling hidhe evolve and respond to the
reality of changing wood resources and of technebghich may assist in their
selection and utilisation.
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7. AUSTRALIAN TONEWOOD SUPPLIERS

In Australia log processing is not generally undleen with ‘tonewoods’ as a specific
end-product, as is the case in Europe and Northrismevhere many businesses are
catering specifically to this market.

Wood processors in Australia are usually focussethger volume commodity
products with more established markets and priggh,the production of material
that meets tonewood product criteria arising footusly in small quantities as a by-
product of this process.

Recently however, several businesses have emesgessing on products for the
musical instrument market, and have tailored boghsklection (species and feature
characteristics) and processing to meet end-ugeaireanents.

A number of tonewood suppliers are not processdtisqugh this distinction is
sometimes blurred) but provide a range of prodtactke instrument making market.

The products range from green rough-sawn billetddse to final size dried
components.

The details of some businesss involved in the @sing or provision of material
suitable for tonewoods are given in Appendix two.

7.1 Products

Products range from logs in the round, availableugh a tender system via Island
Specialty Timbers (Forestry Tasmania) through teeasoned or seasoned slabs,
sawn-boards, or products dressed down to neardoraponent form.

Prices paid along this continuum reflect the céshe value-adding process and the
volumes lost through processing, resawing and teéecoval.

Log tendering is based upon a whole log figureallgulerived from an estimate of
value per cubic metre of log volume and an applraifsiag quality and features.
Considering the yields of target product are low Hre subject of speculation, and
costs of processing/drying expensive and time aoimsy, this option may not suit
some end-users.

I

.

o

R o 1
TNt

(@) | b) (
Figures 48 a-b.Blackheart sassafras and leatherw@®akcryphia lucida logs.
(Island specialty timbers log tender, Geevestomigasa 2007.)
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() ) (b)
Figures 49 a-b. Dried huon pine slabs and Kingi#fil pine boards. (Tasmanian
Special Timbers, Queenstown 2007.)

(b)
Figures 50 a-b. Myrtle and blackheart sassafrasdso(lsland Specialty Timbers)
and mountain tea-tree boards (Phillips Sawmill,\@s#on.)

Figure 51. Native plum venegoc¢katoo Timbers, étanley'_l'asmania).
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7.2 Prices

Considerable variation in tonewood prices arisa asnsequence of the species
concerned, quality and availability of the mateaad the degree of value-adding in
the product.

Feedback from domestic processors also indicatesader potential for higher
product prices in larger overseas markets.

Naturally green unseasoned material requiring drgind resawing attracts lower
prices along the value-adding chain. The anticghat#dume losses are offset by the
expectation of lower initial prices paid.

Rough-sawn seasoned boards are available in diorensuitable for resawing and
several suppliers have emerged catering to the migsraf those seeking components
in final product dimensions.

It needs to be emphasised that very few logs have highly figured grain suitable for
instrument making, and the subsequent conversion of logsto target product yields
very small volumes per log. Theinvestment in drying (energry and time) combined
with volume losses to drying degrade, shrinkage, hidden defects and bandsaw kerf
(around 30-40% for 5mm thick target product) contribute to the cost of final
products.

The production of one cubic metre of material dal@dor instrument back and sides
may require well in excess of 10 cubic metres vfleg. The subsequent breakdown
of one cubic metre of hardwood material may yielsbad 200 back and side sets,
which may represent less than 5% of recovery framag to target product.

A general guide to some product prices (AUSD) alglay 2008 follows.

The price continuum reflecting perceived marketgbiklated to the extravagance of
the grain and colour. Prices represent retail wwalgh higher volume buyers better
positioned to negotiate prices where an ongoingnless relationship is sought.

Green oversized billets

For some materials used in soundboards and badksides, 215 mm in width;
thickness dictated by buyer preference.

Subject to species and quality variation- priceginningat around $2,500 n
Highly-figured material will command substantiabigher prices.

Dried rough-sawn boards

Quartersawn boards, width and thickness dictateolygr preference.

Subject to species and quality variation, priseginningat around $4,500 ™

Highest quality figured material may cost in exce$20,000 m

Products (of equal quality) requiring narrower lsawill generally be less expensive.
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Finished component sizes
The prices are for thickness sanded products ¢tofeal component dimensions

Soundboards
(bookmatched pair) 2@210mm x 550mm x 5mm (nomiiza&s3, grade and quality
dependent
Species Price range ($ uri) | Price range ($ n”
Bunya pine 30 - 50 21-36,000
Kauri 235 14-25,000
Spruce; Englemann 45 - 110 32-79,000
Sitka 4510 32-79,000
German 80 - 180 57-125,000
Red (Adirondack) 70 - 120 50-86,000
Carpathian red 75 - 130 54-93,000
Western red cedar 35-95 25-68,000

Back & sides set

(bookmatched pair for back) 2@210 x 550 x 5mm
(bookmatched pair for sides) 2@100 x 850 x 5mm

Species Price range ($ urif) Price range ($ m"
Koa* (Hawaiian) 125 — 380 49-150,000
Myrtle 120 - 380 47-150,000
Blackwood 90 - 260 35-100,000
Queensland walnut 140 - 280 55-110,000
Blackheart sassafras 120 - 180 47-70,000
Queensland maple 80 - 180 30-70,000
Indian rosewood * 100 - 180 40-70,000
Mountain ash 65 - 140 25-55,000
Cypress ihacrocarpa 60 - 80 23-30,000

*denotes imported

Fretboards & bridges

Sizes variable with instrument

Prices given for dimensions/instrument rather thiamm species basis

Species (mm) Price ($ unit) Price ($ m"
Fretboards
Ebony * 515x 65x 7 20 85,000
Indian rosewood* | 515X 65x 7 10 47,000
Dryland acacias
Acoustic guitar| 520 x 65 x 7 15 63,000
Bass 690 x65x7| 18 57,000
Acoustic bridge 180x55x13 10 77,000

* denotes imported
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Necks

Prices given for dimensions/instrument rather thiam species basis

Instrument (mm) Price range ($ unit’) | Price range ($ ni”
Classical guitar 600 x 75 x 25 25-50 14 — 29,000
Acoustic guitar 920 x 100 x 25 35-70 15 - 30,000
Electric bass 870x 125x25  35-70 12 — 24,000
Electric bolt-on 690 x 100 x 25| 25-55 12 — 28,000
Solid bodies (2-3 piece)

Species (mm) Price ($ unit) Price ($ mi®
Alder* 515x355x50 | 70-90 7.5-10,000
Ash* 515x355x50| 95-110 10 —-12,000
Primavera* 515x 355 x50, 90 -105 10 - 11500

* denotes imported
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8. FUTURE DIRECTIONS

Further work in a number of areas is recommendbds@ include;

Economics of processing analysis of processing strategies targeting
‘tonewood’ products vs. other high value produBisnya pine, presently the
basis of industrial scale acoustic guitar manufaafy) is no longer being
established in plantations. Its ongoing use is dépet upon the economics of
longer rotations and finding markets for the fadlgh products.

Market development— linking processors to existing and emerging matkets
and promoting the attributes of Australian tonewspdcies.

Plantation resources— examination of wood properties (density, unit
shrinkages, MOE and acoustic properties) of fagtewn plantation resources
for use as tonewoods.

0 A number of plantation grown species are worthjuaher evaluation
for use as tonewoods. Government initiatives taaagpthe national
plantation estate are dependent upon value-addempsos as a
rationale for their establishment over other lasé-aptions.

o Detailed data on the acoustic/elastic propertiesianit shrinkages of
plantation material can establish the suitabilitpducts for a variety
of high-value end-uses.

Drying schedules

o Optimisation of drying/reconditioning schedulesspecialty
tonewood species both from native forest and plemmaesources.

o Examination of the temperature effects of kiln dgyupon the
acoustic characteristics of tonewoods

Tonewood timbers of the Asia Pacific -A number of tree species from the

Asia/Pacific region show promise of producing tonea material

Preliminary testing of forest species of P.N.G, dipirian Jaya and the Asia
Pacific region has identified several species witential in instrument
construction.

Community based forestry in this region is ofteliarg upon maximising the
value of low volume, labour intensive productiosteyns. Tonewood
production where possible represents such a scenari
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Appendix 1 Fretboards, bridges

FRETBOARDS, BRIDGES

Shrinkage
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WATTLE, SPEAR
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Prickly acacia
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CHERRY, NATIVE
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Tang.

MARARIE
L 880
Geissois lachnocarpa =
2
IS
[0 d
)
c
OAK, SILKY , °
FINDLAYS 930 —
Grevillea baileyana %’
&
)
3
OAK, SILKY , HILL'S =
) . 975 —
Grevillea hilliana ©
=]
S
[0 d
)
c
OAK, SILKY , s
FINDLAYS 930 —
Grevillea pinnatifida %‘
&
)
S 34
BEEFWOOD =
, . 941 —
Grevillea striata ©
S 1.8
[0 d
)
3
OOLINE, SCRUB 930 =
Guiffoyfia monostylis ©
3
14
)
3
SAFFRONHEART =
X 1105 —
Haffordia scleroxyla ©
3
14
)
3
NEEDLEWOOD =
953
Hakea leucoptera =
2
3
14
)
3
|_
NEEDLEWOOD 1135
Hakea lorea =
2
3
14

116




2
5]
|_
NEEDLEBUSH 1062 -
Hakea preissii ©
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BAUHINIA, CARRON’ S
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BOXWOOD, ORANGE

Tang.
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Tang.

~ PARINARI 1010
Parinari corymbosum —
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Syzygium coolminianum
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SANDALWOOD =
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BOX, KANUKA
Tristania exiliflora

995

BOX, SWAMP ,
NORTHERN
Tristania grandiflora

1075

BOX, KANUKA
Tristania laurina

951

Tang. |Radial | Tang.|Radial | Tang.

0.37

14.2

0.21

7.1

BOX, KANUKA
Tristaniopsis laurina

1010

PENDA, SOUTHERN
Xanthostemon
oppositifolius

1120

Tang. |Radial | Tang. | Radial

PENDA, RED
Xanthostemon
pubescens

1056

0.36

5.8

Radial | Tang. | Radial

0.31

3.8

Density and unit shrinkage data ; létal (2000)
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Appendix 2 Tonewood suppliers

Queensland

Australian Luthiers Suppliers (Hancock Guitars)
Kim Hancock & Sons

Online supplier of guitar materials

Offering high quality guitar parts at competitive

prices.
info@Iuthierssupplies.com.au
www.luthierssupplies.com.au

Austalian Native Tonewoods

David Kirby, Gympie — Maleny coastal range
Specialised tonewood processor

Supplying plantation bunya pine and QId

maple in large or small volumes other species quast
www.kirbyfinetimbers.com.

Ph. +61 7 5494 7410

Loggerheads

Graham Naughton

Specialising in desert timbers for fretboards, dpesl bows, chin rests, bushings and
tuning pegs

Cooloola Cove QIld 4580

Australia

Phone. +61 (0)7 54862201

Mobile. 0429638872

loggerheads@spiderweb.com.au
www.loggerheads.com.au

Tasmania

Britton Timbers

Robert Keogh

3 Brittons Rd. Smithton TAS.

Large range of specialty timbers and veneers

Largest producer of specialty timbers and veneadywts to domestic and export
markets. Producing wide figured boards and dec@ ateneers suitable for
instrument makers

Phone (03) 6452 2522

Fax. (03) 6452 2566

A/H (03) 6452 3523

Mob. 0419 529 988

www. brittontimbers.com.au
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Cockatoo Timbers

Chris and Frances Searle

“The Neck” Main Road Stanley 7331 TAS.

Specialising in heart stained and figured timbeesieers and burls in most
Tasmanian specialty species.

Catering to luthiers requirements, producing gmeeigh sawn through to dried
instrument ‘sets’

Phone (03) 6458 1108

Fax (03) 6458 1337

Email; cockatoo_timbers@hotmail.com

Corinna Sawmill

Manager - Terry Groves

43-45 Scarfe Street, Burnie TAS

Suppliers of kiln dried or green blackwood, sassafhuon pine, myrtle, celery top
pine.

Producing wide boards suitable for luthiery.
Phone (03) 6435 1422

A/H (03) 6431 5806

Mob. 0419 158 474

Fax. (03) 6435 2748

Email; corinnatimbers@bigpond.com.au

Gypsy Timbers

Manager -Duncan Sproule

Preolena, Tasmania

Business dedicated to luthier requirements, froenstihall scale maker to larger
export markets

Specialising in figured blackwood, myrtle, celeop fpine, huon pine and musk.
Can source most specialty timbers.

Providing tonewood components both domestically and

world-wide.

Phone +61 03 6445 9189 Mob. +61 0439 871 077

Email; Duncan@gypsytimbers.com.au

Island Specialty Timbers (Forestry Tasmania)

Manager Chris Emmet

Cemetery Rd. Geeveston TAS.

Selling logs and burls in many specialty species

Providing bandsawing and circular sawing services
Producing sawn kiln-dried boards suitable for imstent makers
Phone (03) 6297 1479

Fax. (03) 6297 1966

Mobile: 0419 998 452

Email; chris.emmet@forestrytas.com.au
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Phillips Sawmills

Ted, Leigh and Peter Phillips

Sawmill, 299 Scotts Rd. Geevston

Factory Kermandie Rd. Geevston

Supplying a wide range of Tasmanian specialty tisloe both green and kiln dried
forms.

Including blackwood, silver & black wattle, myrtlelackheart sassafras, mountain
tea- tree, and leatherwood.

Wide quartersawn boards available. Large rangdmmikied

timber in stock

Phone (03) 62979987

Mob. (Leigh) 0427 970080

Tasmanian Salvaged Resurrection Timbers Pty Ltd

Robert MacMillan

Old Beach, 7017

Tasmania, Australia.

Providing to luthier requirements ; King Williamna, Mountain Ash, Myrtle, Black-
heart sassafras, Blackwood & most Tasmanian spetialbers.

E-mail info@tasmaniantimbers.com.au
http://www.tasmaniantimbers.com.au/contact.html

Tasmanian Special Timbers

Randal Morrison

Post Office Box 211 Queenstown TAS.

Specialising in huon pine in kiln dried slab and/sdoards. Also selling King
William pine, myrtle, blackwood, celery top pinedaleatherwood.

Can provide boards to luthier requirements.

Phone (03) 6471 2510

Fax (03) 6471 2205

Emailjnfo@tasmanianspecialtimbers.com.au
www.tasmanianspecialtimbers.com.au

Victoria

Australian Furniture Timbers

351 Plummer St. Port Melbourne VIC 3207
Ph. (03) 9646 1081 96465 2376

www.afttimbers .com

Mathews Timbers

125 Rooks Road, Vermont VIC, 3133
Ph. (03) 9264 8222

Toll free 1800 338 874

www.mathewstimber .com.au

Rare Woods

24 Greenwood Street
Abbotsford VIC 3067
Telephone: (03) 9427-0570
Facsimile: (03) 9421-2983
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Thomas Lloyd Guitars

Chris Wynne or Fiona Mitchell

‘Montsalvat’ 7 Hillcrest Rd. Eltham VIC

School of guitar making and tonewood supplier

Supplying complete kits for classical and acougtitars
Individual components also can be purchased searat

Including bunya pine, King William pine, huon

pine, blackwood, cedar, spruce and Indian rosewood

Office +61 3 9431 2490
Mobile +61 403 910 880
www.thomaslloydguitars.com

New South Wales

Gilet Tonewoods

Gerard Gilet

Supplying top quality tone woods, parts,

and tools from around the world for professional
luthiers and hobbyists

Unit 5/ 6-10 Booralee Street, Botany, NSW, 2019
AUSTRALIA

PH: +61 (02) 9316 7467

www.guitarwoods.com.au

Western Australia

Australian Tonewoods
Tim Spittle
Specialist luthiers supplier

Wide range of local (including W.A.) and importeshéwoods for a wide range of

instruments.

tim@australiantonewoods.com
www.australiantonewoods.com
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Appendix 3 Luthier survey

DATE :

TO Andre w Morrow
Projects Officer
Ensis Wood Quality
Bayview Avenue
Clayton ,Vic 3168
Private Bag 10
Clayton South, Vic 3169
Australia

Phone 03 9545 2131
Mobile 0404 003791

E-MAIL andrew.morrow@ensisjv.com

FACSIMILIE NO: + 61 3 9545 2133

Participants name (optional)

Business Name (if applicable)
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Type of instruments being made

Steel string acoustic [] Ukeleles [ ]
Nylon string classical [] Violins []
Nylon string flamenco [ ] Violas []
Acoustic bass [] Cellos []
Mandolins [] Double bass [ ]
Solid body electric ]

Other (please specify)

Quantity of instruments per year
How many instruments would you or your workplace pr oduce annually ?

1to5[ ] 5to15 [ ] 15t0 30 [ ] 30 or more [_]

How much timber ( Australian or other ) would you e stimate you would
annually;

Soundboards - (no. of soundboards, or lineal metr  es or cubic metres)

Backs & sides - (no. of soundboards, or lineal me  tres or cubic metres)
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If you have not utilized Australian timbers in inst ruments what are the
primary reasons for this?

Do you believe there is a resistance in the market place to instruments
made from Australian tonewoods ?

If yes, do you believe this translates into higher prices being paid for
instruments made from ‘traditional’ tonewoods with similar production
standards ?

In what state do you prefer to purchase timber (i.e . roughsawn boards,
dressed close to final size, green/dry at a specifi ¢ moisture content
etc.?)

In what dimensions do you prefer your raw materials ?
Soundboards

Thickness Width Length
Backs/sides

Thickness Width Length

Necks

Thickness Width Length
Fretboards

Thickness Width Length
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Timbers used
Which of the following Australian timbers have you had experience with

?

Please cross any of the boxes corresponding to the timbers you have
used.

Soundboards
Have you used any of these woods in soundboards

King William Pine [] Bunya Pine [ ]  Huon Pine [] Blackwood [ ]
Kauri (Agathis spp.) [_] Klinki Pine [_] Hoop pine [ ]

Other please specify

Are there any specific positive qualities you would associate with any of
these species ?

Are there any specific concerns you have with using any of these
species ?
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Which of the following Australian timbers have you had experience with
as back & sides of instruments?

Please cross any of the boxes corresponding to the timbers you have used.
Back & sides

Acacias - Blackwood [ | BlackWattle[ ]  Silver Wattle [_]
Lightwood [_]

Other - Queensland maple [ ] Queensland walnut [_] Silky oak
(Grevillia robusta) [ | Beefwood (Grevillia striata) [ |  Myrtle( Nothafagus
cunninghamii) [_]

Sassafras[ | Celery top pine ] Coachwood [ | Tulip satinwood []
Native Olive [ ] Satinwood []

Eucalypts - Messmate [ ] Mountain Ash [] Alpine Ash []
Jarrah [ ] Mannagum [] Spotted gum [ ] Red stringybark [ ]
Apple box [ ]

Other please specify

Are there any specific positive qualities you would associate with any of
these species?

Are there any specific concerns you would have with using any of these
species ?
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Which of the following Australian timbers have you had experience with
in your instruments?

Please cross any of the boxes corresponding to the timbers you have
used.

Neck / heel
Queensland maple [] Kauri [ ] Queensland walnut ] Jarrah [ ]

Other please specify

Fretboards

Gidgee (Acacia cambagei) [ | Mulga (Acacia aneura)[ | Desert Oak
(Acacia coriacea) ] Ironwood *(Acacia exelsa) [ |  Prickly Acacia
(Acacia nilotica) [ | Lancewood (Acacia shirleyi)) [] Leopardwood [ ]
Western Myall [] Weeping Myall [ ] Waddywood [ ] Nealie [ ]
Rasberry jam []

Red Lancewood [ ]  Cooktown ironwood [_] Sandalbox [_]
Queensland Yellowjacket [ ]

Other please specify

Other instrument components
Have you used Australian timbers listed for other p urposes, (i.e.

saddles, chinrests, bows, bushings, bindings, roset tes ?)
If so, list the timber and its use.

133



Synthetic/composite materials

Have you used Australian timbers in conjunction wit h synthetic
materials ?

Carbon fibre bracing

‘Double-top’ (using kevlar veneer composite top)

Other please specify

Material evaluation

When selecting tonewoods which of the following fac tors do you take
into account ?
Please indicate YES or NO

Soundboards

Tap tone - Do you undertake any basic evaluation of how the wood
sounds by tapping or other ?

YES [] NO[]

If ‘yes’, what type of evaluation?

Stiffness evaluation — Do you do use any form of te st to evaluate the
woods stiffness; i.e. weights/bending ?

YES [] NO[]

If ‘yes’, what type of evaluation?

Growth ring width — Do you have a preference for a particular annual
growth ring width for the instruments soundboard ?

YES [] NO[]

If so, for which instrument, and what are the uppe  r & lower limits?
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Growth ring uniformity — Is growth ring uniformity across the
soundboard top something you require when purchasin g a soundboard

?
YES [ ] NO[]

Grain straightness — Is grain angle relative to the boards edge
something you consider when purchasing a soundboard ?
YES [] NO[]

Color/figure — Does the aesthetic appeal (and lik ely market acceptance
) of a soundboard play a part in the selection proc  ess ?
YES [] NO[]

Back & sides

Tap tone - Do you undertake any basic evaluation of how the wood
sounds by tapping or other ?

YES [ ] NO[]

If ‘yes’, what type of evaluation?
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Stiffness evaluation — Do you do use any form of te st to evaluate the
woods stiffness: i.e. weights/bending ?

YES [] NO[]

If ‘yes’, what type of evaluation?

Grain straightness — Is grain angle relative to the boards edge
something you consider when purchasing a ‘set’ for the back and sides

?
YES [ ] NO[]

Color/figure — Does the aesthetic appeal (and likel y market acceptance )
of the ‘set’ play a part in the selection process ?

YES [] NO[]
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Evaluation of the performance of Australian timbers in finished
instruments

Instrument makers are better placed than anyone to compare Australian
tonewoods with instruments made from ‘traditional’ tonewoods. This is a
highly subjective territory and perhaps unfair to compare inherently different
wood species for there tonal qualities. Wood is highly variable within one tree
of one species which is reflected in the finished instrument. Therefore it is
important to gather as many opinions on the performance of different woods
before dismissing them as unsuitable.

It should also be noted that refinements in the utilization and combination of
Australian tonewoods may in time yield further improvements in their
utilization and ultimately instrument quality.

However at this point it is useful to benchmark the ‘sound’ of these
instruments against what is familiar to us.

The aim of this section of the survey is to rate (subjectively) the sound
produced with instruments using Australian tonewoods with the combinations
which dominate the markeplace (i.e.rosewood/spruce/cedar for guitars, and
European maple/spruce for violins)

Using a rating of 1 to 6, categorise the timbers yo  u have used according
to the following criteria. Timbers not used leave blank

1. Variable (results not consistent, but combinatio n of below)

2. Very good T (comparable to the traditional sound )

3. Very good U (‘high quality’ sound, but unique re lative to traditional
sound)

4. Good

5. Poor

6. Unknown

Soundboards

|Variable
(traditional)
U (unique)
Good

Poor

King William Pine

Bunya Pine

L

Hoop Pine

|
L]

Kauri (Agathis)

Blackwood

Satinwood

Klinki Pine

Other specify

OO0 000000 very good
000000000 very good

|
| I
| I
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Back & sides
(Acacias)

Variable

T

(traditional)
U (unique)

Good

Poor

Blackwood

Black wattle

Silver wattle

Lightwood

Other - specify

N I O

[ | O D D ] very good

DU OEHO0 ey good

N I O

N I O

Back & sides
(Eucalypts)

Variable

T

(traditional)
U (unique)

Good

Poor

Mountain/Alpine
Ash

Messmate

Jarrah

Manna gum

Red stringybark

Apple Box

Shining gum

Other - specify

| I

LI EEEEEEEE] T (very good

OO00000000 O bery good

| I

| I
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- )
Back & sides 3 ’TE g
(other) 2 S8 S@
£ >5 | 28 | B 5
— S Ss | 25 & £
Queenslan
maple [] [] [] [] []
Queensland
Walnut L] L] L] L] L]
Sassafras [ ] [ | [ ] [ ] [ |
Myrtle [ ] [ ] [ ] L] L]
Coachwood [] [] [ ] [ ] []
Silky Oak (] [ ] L] L] L]
Beefwood [] [ ] [ ] [ ] []
Celery Top Pine | [ ] [ ] [ ] [ ] L]
Kauri (Agathis) [] [ ] [ ] [] L]
Native Olive [] [] [ ] [ ] []
Other -specify [ ] [ ] [ ] [ ] [ ]
[] [] [] [] []
[] [] [] [] []
[] [] [] [] []
[] [] [] [] []
[] [] [] [] []

Are there any general comments you would like to ma ke regarding the
use of Australian timbers based on your personal ex periences that have
not been specifically addressed in this survey?
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If you would like to receive an electronic copy of the final report please
tick the following box [ ]

Thank you for the time taken to complete this surve y. The information
will hopefully assist with improving the utilizatio n of a diverse and
unique natural resource.
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Appendix 4 Silviscan-derived wood properties and correspagdirip from soundboard half

Density kg m 3
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Appendix 5 Silviscan-derived wood properties and correspandtrip from soundboard half

Bunya pine 5A
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Appendix 6 Silviscan-derived wood properties and correspagdirip from soundboard half

Kauri pine 23A
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Appendix 7 Silviscan-derived wood properties and correspagdirip from soundboard half

Density kg/m3
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Appendix 8 Silviscan-derived wood properties and correspagdirip from soundboard half

Kauri pine 15A
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