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CHAPTER ONE: INTRODUCTION

Clarinetists use a thin piecewbodencane to produce sound tre instrumen
Thecanereed is secured to a mouthpieard the reed vibrates according to how much
air and lippressure a player uses wh#awing intothe instrumentMost clarinetists buy
commerciakeeds from large companies, thougimeclarinetists make theiven. A
good reed is symmetrical from side to side and maintains a certain slope and proportion
towardsthe center of the reehen a reed is unbalancethrinetiss executemanual
adjustments to the reed to makeymmetrical and therefore produce a gléatune, and

even tone.

THE PROBLEM

Clarinetists areinendingly frustrated by a lack of consistency in mass produced
reeds and the time and money spent searching for a perforwarnbtg reed. Within a
box oftencommercial reeds (priced around $30j}s lucky to find two reeds that would
be suitablen performance. Usually three to five reeds in a box are unplagaiel¢o
being too hard, too soft, too stuffy, or having a poor tone. Three to five reeds in a box
might be adequate for practice or ratsal purposes but not as performance reeds. A
good reeglays in tune, hasleasing tongand responds easily. In order to maximize
the return on investment of a box of reeds, clarinetists can manually adjust their reeds to
address issues of responsgonation, and tone quality. In order to identify where t
adjust a reed, clarinetists need to measur

gauge that measures small distances or thicknasssgd to measure reeds.



| measurd my own reeds vih a micrometer irhopes of making them play better
through adjustmentf there was a performangeady reed in a box, | documented its
dimensions so #contourcould be replicatedn other pieces of canenoticed from
day-to-day | mightcapturedifferent measurementd the same reed, a seemingly normal
ocawrrence due to t he rirgeendl busnidy cawsngthareedtoor dec
expand ocontract Measuring my own reeds showitit certain brandendedo be
thicker on one side of theed whichmade me question if compani@sre sending
cudomersconsistent reed$Vere reeds cut consistently within a box, across boxes of the
same brand, and across brands? Were companies delingiafide and highguality
reeds ashey promisd? Theoetically, all reeds of the same strengtbrecut to identical
dimensions because companisgdstate of the art digital measuring tools and laser
cutting.

The origindidea for this research was to provide an analysis of the consistency of
clarinetreed acr oss br ands athoughtlif ecoutdaampaverther 6 s h an
consistency of reeds acrassinglebrand,general inconsistencies could be identified
For example, was there statistically significant evidencethigaleft side of Vandoren
V12 reeds tended to be thickian the right sidelf that were the case, then | could draw
conclusions abouwvhich manufacturing process might be causing measurements to skew
heavier oroneside.l thought if | could compare reed consistency across multipleds,
the data would reveathich companyhad the most consistent reedsdlikely themost
accurate and reliable manufacturing process. Therefore, clarinetists might choose that

company over anothand finally enjoy consistently cut, high quality reeds



RESEARCH

It was difficult to choose aarting point from which to analyze the quality and
consistency of a reed. An assessment of reed quality is subjctibea s ed on a pl a
preference, equipment, environmental conditi@msl the temperameot an
uncontrollable and unpredictable orgamaterial What should be the starting point for
analysisShould analysis go allthewéackt o t he begi nni n@gndof a r e
wherewas harvested? Should analysis start where the reed detheheanufacturing
facility? Should the distribution process be consideBe&taiuse everything up to the
moment a player opens a package of reedso ut o f tcondrol tchosesnottoe r s 6
analyze any activities whiabccurredbefore the player opened thex.

Now a consumelas opened a box of reeds. There is nothing they can do about
the quality of can¢heyreceived Among themany variables whickffect cane quality
are density, flexibility, warpage (ihe reedvas packaged warped), cane color, hstrve
date,aging period manufacturing date, and internal humidity. There are of course
instruments capable of measuring these characteristics, but the average consumer does
not own such specialized tools, and theyuatikely to be willing to pay more tha$500
for tools thatcould improvereed performance. With alf these uncontrollable and
subjective variables at play, | chose to analyze reed thickRessl. thickness ite only

objectivequality because it can be measureith a reed micrometer.

TESTING
| decided to coduct test measuremerdn various brands and cuts of reetis

minimize the effects of humidity, age, and deterioratbthnecané s p hyai cal i ty



measurement methodology was established to ensure that measurements wate take
thesamemomentnareeds | i fe (straight out of the bo>»
(PerfectaReedwith the same person conducting each measurgmgself), and the
same order of measurement taken every tstat{ng from the timf the reefl

In December 2018,beganime asur ement s on brand new D66

Classic4+ Bz clarinet reedsising the PerfectaReed single reed micrométiesome

point, | became curious about how | migleterminemy own ability to measure
consistently. Was | measuring every réleel sameavay every time? Were my results
truly comparable? To test thismeasuredhe same reetthree timesn a row,at which
point it was discovered thttere wasariation in the recorded dimensions. Theewas
not drastidn theuppermost portionf the eed(no more than onrthousandth of an inch)
but as the reedébés sl ope increasedtothe erro
threethousandths of an inch. When measuring such a small subject, every thousandth of
an inchis importantand eery adjistment ancompletely alter the feel and response of a
reed.Thinking this error could possibly be due to the reed absorbing or losing moisture
rapidly after it was removed from the box, the same measurement procedure was repeated
on plasticLégee reedsreeds which do not change over timgesponse to
environmental conditions. Agaihfounddiscrepancies between measurements of the
same plastic reedespite my best efforts to measure precisely.

Frustrated by an inability to repeat resulfsartneredvith Robert DiLutis to have
a second person conduct these measurements. After | measured a reed and documented
the dimensions, DiLutis would measuihe sameeed and recortheresults. Thee

measurementserecomparegand the inconsistenciegtween tw individuals vere



even greater than those found in repeat measurements by one Yé&rsberorized the
discrepancyould bedue todiffering measuring procedures, soan effort to standardize
the physical measurement gestyre® discussed exdyg how to guide the reed witthe
hands and where fgacethe tip to unify how eachf us executed measuremetrisen
still, the differences between sets of readings sometimes reachd¢tddasandths of an
inch. This discovery generatl a new set of gggons. Why was itmpossible for an
individual to achieve the same resutteasuringhe exact same reed multiple times?
Why was it not possible for two individuals to achieve the same results after
standardizing the measurement pro@eBse conclusion wethere were key design flaws

in themicrometemwhich made it impossible teplicatemeasurements.

A NEW RESEARCH DIRECTION

Up to this point, the only micrometer used for test measurements was the
PerfectaReedAfter itsinaccuraciesverediscovered! soughtout other micrometers
because iinotherttool were deemed reliabfer measurementshe research project
could continueas plannedTwo tools emerged: HO69version of the PerfectaReed
(hereaftereferred taasPerfectaReed Veion ], for the sak of differentiating the two
versiongdiscussed in this documgniong since retired, and the Jeanne ReedGauge. |
conducted similar measurement tests on both tools. While these tools demonstrated
superiorconsistencycompared to PerfeaReed Version 2 (esl in the first series of test
measurementsjhey too were incapable of producing identical measurenmemty.
shared some design flaws with PerfectaReed Version 1 and had idiosyncratic flaws

unique to their designlLeft with no reliable tool with whicho conduct my research, a



new project emerged chose to invena newsingle reed micrometevhich corrected
flaws found in commercial single reed micrometers.

There are no documerttsatexamine the tools with whiclvoodwindplayers
measure their reed§here are numerous articles, dissertations, and other documents
devoted tadjacenttopicc aneds scientific properties an
maintenance, reed adjustment sugjges from individuals based on anecdotal
experience, cane harviegj, and reed production. Howeveg one has analyzed the
accuracy and reliability of commercial single reed micrometers. Indeed, no one knew the
accuracy of commercial micrometers shoutdjuestioned, as\tasjust assumed the
inventors, engineers, amdanufacturers perfected the apparatus. It was in my quest
adjustng reeds to perform at a higher level that | began doubting the accuracy of the tools
| used to execute measurements.

The test of this chapter provides a brief overview of clarinet reedsesad
manufacturing to contextualizke following discoursenreed micrometers. Chapter
Two provides analysis of the positive and negative features of three commercial reed
tools: Perfe@Reed Version 1 (1969, only available through sedmr sellers)
PerfectaReed Version 2, and the Jeanne ReedGauge. Chapter Three provides the
framework of themprovedreed tool, while Chapter Four describesithantion process
of theManual Reed Mapgr. In Chapter Five, the inception of a digital micrometer is
disaussed Chapter & outlines the methodology used to test the reliability of the Manual
Reed Mapper and provides results of test measuremgendix A provides
supplementary information abt reed manufacturing, how to care for and adjust reeds,

and facors affecting reed playability other than thickness. Appendix B includes product



descriptions and usage instructions of single reed micrometers as stated by their inventor
or production comany. Appendix C contains test measurement caltacted using
prototypes in the development of the Manual Reed Mapper and the final marketable

product, Mr. Mapper.

SCOPE
The purpose of this document is to provide an analysis of the flaws found in
commecial single reed micrometers in thaitéd Statesoutline charateristics of an
improvedreed tool, and take the reader through the invention process and final product
constructiorof thenew micrometer, thManual Reed MappeT his dissertations
written with the assumption that clarinetists purchase reeds from aomhreed
companies and cannot control for all the variablesaghdt e ct a reeddés pl aya
arrives at aTheemicanaierswere andlyredithese are the only
tools available in the U.S., and of those three, only two atdstiig produced.
Supplementary informatioadjacent to reed micrometdrasbeen confined to the

appendices.

Discussion of Scope
While clarinetists and saxophonistsyrbe familiar with the terms used in this
text, a glossary of terms is available & #nd to clarify jargon used in the discipline. The
following points apply to the scope ofetibody of this document.
1 Statements regarding cane reeeferspecificallyto single reedssuch aghose

used for clarinets and saxophores opposed to doubteeds (two pieces of cane
tied together useby instruments such as oboes and bassoons).
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9 Outside ofChapter Ong i mi c ralwaysrefess to@micrometer adapted to
measuresingle reed, as opposed to a double reed micrometeniorometers
unrelated tanusic
1 Reed micrometergse boththe metric and Imperial systerand will be specified
as such on a per tool badieed micrometers measure in hundredths of
millimetersand/or thousandths of inches.
1 Inthiscontexthe def i ni t i on havifigthe sametkidkreedsaanossy 0 i s
reeds of the same brahé cue e d
1 Generally, statements referring to clarinetists may also apply to saxophonists, as
they are singleeed instrumentalists as well.
T Reeds ar e g¢gr 2dmaisule giowiresistantaaed fedis at the
pl ayerCdsarliinpest.i sts use the words fistreng
interchangeably, though i n rsttdthediteral o c ume n
guantifiable thickness of a re€the strengths positively correlateavith the
thickness of a ree€Companies use strength values in the range of 2 to 5, with 2
being the least resistant and 5 being the most resistant. The averaggistari
might play a 3 or 3.5 strength reddhicker reedghigher strengthleel resistant,
and thinner reeds feel open and filesver strength)Sometimes a thin reed may
feel as resistant as a reed one degree thicker due to the quality of the dame, so t
feeling of resistance is not an accurate measens

AN OVERVIEW OF REEDS

Cane reeslare used to produce sound on clarinets and saxophones. The major
reed companies are Va@daddar ParasgahdebdoRd
both with prodiction based in southern Frarid@eeds are made frofrundo donaxa
plantsimilar in appesnce to bamboo cajough not as hard. Within a yearundo
donaxgrows to full size, and it takes two years to dry after it is harvésted.

In the reed manufacturing procesee cane is cut into tub@s each nodehen

split into four long piecesut toreed blanks (thérst rough cut of a reedgnd given its

IChristian Wissmuller, fADOAddariiomd Ralsdar tmoRldIfar
January 23, 2014, accessed December 5, 20t //mmrmagazine.com/issue/upfrapt/d-addaries
robertpolanon-therico-acqusition/.

2Eberhard Frost, fAReeds, 0 ThehttpQinawvthienet s, accesse
clarinets.net/english/clarineeed.html


https://mmrmagazine.com/issue/upfront-q-a/d-addario-s-robert-polan-on-the-rico-acquisition/
https://mmrmagazine.com/issue/upfront-q-a/d-addario-s-robert-polan-on-the-rico-acquisition/
http://www.the-clarinets.net/english/clarinet-reed.html
http://www.the-clarinets.net/english/clarinet-reed.html

final series of cuts to create thirishedreed Commercial reeds are packaged in
individual plastic sleeves and sold in sealed boxes of ten 1Bexlss are shipped to
distributors and indidual players around the worlBor readers seeking further detail o
cane harvesting and manufacturing, see Appendix A.

Performergproduce sounds by fashioning a reed toouthpiecewhich is
attached to a musical instrumeamd blowing air through thinstrument, vibrating the

reed to produce toneghe anatomy of aeed is labeled ifigure 1.1 andwill be the guide
for this document 0 Figuleel2demongiratels bowBealarinet e ed p a

reed is secured to a mouthpiece.

//A\\
/ \\
I 71 heart
vamp | | ' _
— rail (edge)
Dy - shoulder
—1— stock (bark)
| heel
Figure 1.1: Anatomy of a reed. Figure 1.2Bz clarinet reed fashioned t

Source:Peter Spitzeri A d j uSaxophorg and Clarine mouthpiece.

Reedso Hope Street Music Studios, accessed February  Photograph byNatalie Groom.
2019,

http://www.hopestreetmusicstudios.com/articles/adjusti

saxophoneand-clarinetreeds


http://www.hopestreetmusicstudios.com/articles/adjusting-saxophone-and-clarinet-reeds
http://www.hopestreetmusicstudios.com/articles/adjusting-saxophone-and-clarinet-reeds

REED MICROMETERS

Reeds are meared with a tool known as a micrometer. Micrometers are
precision gauges used to measure small distances or thickidssssnstrumentdave
readout divisiongn hundredths of millimeters or thousandths of inches. Because reeds
aresosmabndtheslipt est variation can determine whe
accuracy is imperative. A standard micrometerdvaged accuracy of +0.0001 inéh.

A basic micrometer includes a dial indicator which displays numeric
measurements, a digbtivhich contads the surface being measured for thickness, and a
base against which the dial tip rests when
benchmark position against which everything will be measured for distance or thickness.
Micrometes can beadaped to measure reedsither single reeds or double reeds. Figure
1.3 showsghe front ofa standard single reed micrometer, the PerfectaRersion 2 and
figure 1.4 shows a side view of PerfectaRee
nomenclature. Whié this nomenclature is not universal to single reed micrometers, it
provides a glimpse into the various possible components of a single reed adapted

micrometer.

SAGener al Mi cr o met e,tast madifien duiy 46, 20blnaccaessed December 6, t
2019, https://web.archive.org/web/20110716132738/httpulnstarrett.com/download/222_pl_5.pdf

10


https://web.archive.org/web/20110716132738/http:/www.starrett.com/download/222_p1_5.pdf

&

& =R i

Figure 1.3: PerfectaRed&gkrsion 2clarinet and Figure 1.4Nomenclature of PerfectaR&&ersion 2.

/7 i //% 11A1]] .4’////

saxophone reed micrometer. 1. Dial indicator 7. Grabcircle

Sourcei Reed Wi zar d Theer f 2. Pointer 8. Black line

Reed Wizardaccessed October 22, 2019, 3. Dial screw 9. Upper base letters

https://www.amazon.com/ReedNizard 4. Dial frame 10. Ridge

Perfectared-PerfectaReed/dp/BO00XZXD7.0 5. Lock pin handle 11. Lower base numbers
6. Carriage 12. Sensor

Source:Ben Armatgii Per f ect aReed,
Wizard, accessed April 4, 291
http://lwww.reedwizard.com/PerfectaReed Insert.pc

To measure single reeds, which have only one curved side, the reed is placed on the
numberedase underneath the dial tip. The disebetween the base and dialdgainst
the reedds surface i s t hTaereetimay Berd@leng the f
base to capture dimensions at other points of the Téwule arenly two single reed
micrometersurrentlyavailable n the U.S.: PerfectaReed Version 2 and Jeanne
ReedGauge. The PerfectaReed has gone through two iterdthensarliest veren,
referred to as PerfectaReed Version 1 in this document, has been retired and is only

available from secontland sellers such #sosefoundon Ebay.

11
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https://www.amazon.com/Reed-Wizard-Perfectareed-PerfectaReed/dp/B000XZXD7O
https://www.amazon.com/Reed-Wizard-Perfectareed-PerfectaReed/dp/B000XZXD7O
http://www.reedwizard.com/PerfectaReed%20Insert.pdf

A second type of micrometer is adapted for double reeds. Because they have
curved surfaces on bothdsis of the reed (literally double a single reed), a double reed
micrometer suspends the reed in aithesreedcannot rest flat oa baseand measures

both sidesy the user flipping the reed ovdigure 1.5).

Figure 15: Oboe reed micrometer.
Soure:A RDG USA Di al Woodwindsalhcg accessedRObt@ber 22, 2019,
https://rdgwoodwinds.com/products/rdgadial-indicata?variant=30284602500.

Double reed micrometers are widespread, and many brands and styles are available. If
someone were to search for a reed micrometémey mostresults would be for double
reeds, as this is the standard. Double reed micrometengyaihg marketable because
professional oboists and bassoonists make their reeds by hand. Everything is hand cut,
hand sculpted, and hand adjusted. It isvired upon for double reed players to purchase
commercial reeds, as the quality is generally poedsenust be customized to an

i ndi vi dual 0 referensesandit imeconbmically anfeasible nly

purchase finished double reeds. Ginesheddouble reed may cost $2D, but if a
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player crafts a reed by hand, the cost per reed is redu882t0.30 By contrast, an
entire box of ten commerci8k clarinet reds costs approximate$y30.

The economics of double reeds versus single reeds is likely what has driven the
widespread availability of double reed micrometausnot single reed micrometers.
Double reed players are dependent on micromatetsiemand multiple options to
accommodatan industry of handcrafted reeds. Single reed players are conditioned to
purchasing comparatively cheap massduced reeds and enjoy the luxury of throwing a
reed away if it does not play as desired. As a redalinetists and saxophonists are not
as Ikely to spend time adjusting reeds if they have the disposable income to buy another
box and hope f or oThes, congpaniedhawe eot fragluceddiogler e e d s
reed micrometers of various brands andestyThe market demand has been small,
reseved primarily tothe fewclarinetistsvho make and adjust their own reeds. However,
as single reed players become increasingly frustrated by the lack of consistency and
reliability within a box of commercial resdplayers are seeking options to increase their
return on investmenAssume optimiscally that a performer deems 50% of their reeds to
be concert worthy. Considering the average professional musician burns through one to
two boxes of reeds per month $30 per box, the amount of money lost on bad raeds
yearis easily in the hundds of dollars

The purpose of a micrometer is to allow players to meastgeds thicknessand
identify spots that are not symmetrical. Reeds should be symmetricdefitand right

of center Figure 1.6maps the contowf a sampleBz clarinet reedIn the columns

immediately to the left and right of the center line, the numsdersld match if the reed

issymmetrical Si mi | arl y, t he sshouldumaichA reemtssldapdde r e e d
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from the tip (thinnest) to the end of themp (thickest) ashfrom the rails (thinnest)

toward the center (thickest).

QOuter Measurements

=S

6 6

15 15

26 26

-3 41 38
-2 60 58
4 86 82

-4 113 109]

(-'— Center Line

' measurements in
| thousandths of inches

Figure1.6: Demonstration of lack of symmetof Bz clarinet reed.

The numbers indicate the thickness of the reed at a given point in thousandths of inches. Reed sl
symmetical from left and right of the line of symmetry. Thetlined numbergentify points which are
not symmetrical to their counterparts, andtienbergo the left of the reethdicate how many
thousandths of inches of cane should be removed from eauh Tweé rectangular outline to the left of
the reed corresponds to the numbers on the reed that are also outlined in a rectangle.

Image by Aishweya Shettigar.
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In figure 1.6, heoutlinednumberson the reed denotaeas which are not symmetrical to
their counterparts on the right side. Presented in thousandths of inches, the left side of
this reed is thicker by twdo four-thousandths of an ihdn six locations Once the

problem spot is identified, players sand or scrape to make one side even tethbet
outlinednumberdo the left of the reedhow how many thousandths of an inch should be
removedrom the six point$o make the left siglas thin as the right sid@ver time and

with enough data, a player can identify personal preferencesdknésses across a reed

and adjust accordingly.
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CHAPTER TWO: COMMERCIAL REED TOOLS

Commerciakeed nicrometerdncludePerfectaReeWersion 1(hereafter referred
to as PAR1)PerfectaReed Version(Bereafter referred to as PARand the Janne
ReedGauge. For the sake of this docuntéetpnly tools used in test measurements were
these three U.Sased tools, though treeare other micrometers available in other parts
of the world, such as Ree doduédnGermany f 6 s di ¢
Aside from thesummary of micrometer flaws and followiagalysisof each micrometer
provided in this chaptegach compa i ¢reduct descriptioand instructiongor their
micrometes can be found in Appendi.

There are severdesign flave with commercial micrometer$his section
itemizes theefaults, including the problematic starting position of the reed tip or heel,
reedshiftsduring measurements, analog dial challenges, cosine error, issues with an
angled dial tip, and the possityiof losing parts of a tool.

Tools thatstart measureméns f r om t (see figure fdrGeed r a i |
anatomy cause multiple problem3he dial tiprunsparallel to the ridge against which
the reed rest(such as the ridge seen iAR2, figure 1.4)However, eedrails are not
parallel to each otheReedgaper slightly from the tip (widest) to tieel(narrowest).
Figure 2.1shows thevariationin taper across four cuts of the same reed brand

(Vandoren) Observe how wide the tip is versus the heel.
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Traditional~ |K_1 - : |m :

Figure2.1: Vandoren Reeds.

Taperfrom tip to heein Vandorerreeds.

Source:fiReeds Technical Elements: The Different Cuts of Clarinet Re¥dsdoren Paris, accessed
February 18, 201dttps://vandoren.fr/en/reedschni@l-elements/

Suppose a user wishes to measure the center of dfragdicrometer aligns the rail of

thereed againstaridge he di al tip will <contdmrmet everytl
because t terdsnotpaatlebts theaidge is at an angle proportional to the

tip width minusthe heel widthFigure 2.2 shows the true center of a reed vexéas the

micrometer capture3.he same logic applies to all positions on a reed, but it is easiest to

demonstrate using the centerelin
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Center Line

Y

<— Ridge
\

Figure 2.2:Skewed measurements when the reed is aligned to a ridge.

On the left, the lines of measurement are derived from ¢ehegefore, each line is parallel to the cen

line. On the right, the lines of measurent are derived from thail against the ridgesach line is
parallel to the rail.

Image by Aishwarya Shettigar.

Reeds with minimal taper from tip to heel will have measurements closest to true center
because the outer rail is nearly parallel to tige. The more tapered agd is, the more

the measurements will be skewed; measurements toward the tip are slightly right of
center, and measurements towards the heel drift left of celsers can still measure

reeds and compare acras®ebrand sut kecause the amount of ernsill be uniform

when isolated to one reed typ¢owever,suppose a user wants to compaeasurements

of a Vandoren Traditional and a Robert DiLURised.Because the taper of a Robert
DiLutis Reed is more pronounced than a VamahoTraditionalthe degreghat the tip
drifts from thedesiredine of measurement will be different between reeds, and the

measurements will not be comparable because they fall on different points of each reed.

18



Anothersimilarly related problem emerg@sth micrometers aligning reeds to a
ridge.Assume for a moment that reeds are not tapered, so a micrometer of this style is
capable otapturing a measurement line perfectntered on the reeWhat if the tool
does not have a positionatchingthe reel 6 snteroneen the reed ipressed against the
ridge? Indeed, this is the problem with bothRL andPAR2. Suppose Position E of
PAR2 (figure 1.4) was built specifically to be the true center position of a Vandoren
Traditional reed beginning 6.5 mm froimetiidge If another style of reed is measured,
the true center might be somewhere between Positions D, aedaps$ mm from the
ridge Ifso,thedialtp s st ar ti ng p oof aenter than theé othbreThus,ur t her
it is impossibleto find the true center ofa reedor to use the micrometer to accurately
compare reeds across cuts or braAgsin, the micrometer can be used to compare reeds
of the exact sameutbut not across cuts or brands. It is not reasonable to assume a user
will stick with thesame reed brand and cut their entire life, so it is not practical to own a
tool incapable of providing accurate comparisons across brands and cuts.

What about a micrometer that starts mea
Jeanne ReedGauge (figur@@takes this approach. The dial igaligned with Position 0
(seen on the outer edge of figure 2a&)d the reed is placed on a sliding table with the

heel aligned to a ridge.
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Figure2.3. Jeanne ReedGauge sliding table

The reed heel iplaced against the raised bar on the right side of the reed Tlgleipper leftmost part
of the reed is aligned to lines 1, 2, 3, or C.

Photograph byNatalie Groom.

This design eliminates the problem of the
introduces a new issue. Suppose Positiohthe Jeanne ReedGauge was built
specifically to begin measurements 2 mm from the tip of a Vandoren Traditional reed,
and a Vandoren Traditional reed is 67 mm long from tip to heel. If another style of reed is
measired that happens to be 69 mm long, Position O will begin 4 mm from the tip of the
reed, a difference of 2 mm from the Vandoren Traditievidath will then trickle down a
difference of 2 mm irall following measurementseyond Position OThus, it is not
possble to compare measurements of different styles of reeds when the starting position
is variable due to a reedébés | ength.

No commercial tools hold the reed in place to prevent it from driftinide taking
measurement®Vith PAR1 and PAR2, the user ststhe reed with their handVith
Jeanne ReedGauge, the usevesthe reed tald. The reed can drift from thguideline
due tofriction between thelial tip ard cane as the reed table slidéss alsodifficult to

ensure the reeemainsin the same posdn at all times, as isiimpossible fothe human
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eyeand hando executeconsistehplacement and motion across hundreds of reed
measurements.

Every commercial micrometer in the U.S. has an andtmkiace dial Analog
dialsintroduce room for humarrmer, tie a user to measuring in either inches or
millimeters (not both)andtheyare inefficient The clockface can be difficult to read
properlydue to how small the lines and numbers arglit requires recalibration over
time as environmental conditis change. Recalibratiemparticularlytedious with AR2
because the dial must be recalibrated every time the carriage is movdebsivion A
throughE (figure 1.4).

An accurate measurement confresn a dial tip measuring perpendicular to a flat
surface.Because the surface of a reed is curved, tisar@sine error present when
measuring reeds with a micromet€nsine error occurs when medagra surfaceat an
angle, whether the diaidicator is at an angle or the measurement subject is at an angl
The wider the angle, the greater the erfigure 2.4 demonstrates this mathematical

principle along an angled surface.

21



Figure2.4: Cosine error example

The curved figure under thddal tip represents the surface of a reed.

L = Length to be measuile

M = Actual measurement

%00T1T-0 , - -ATO- p AlfP

Source Adapted byAishwarya ShettiggfomSant os h B. , iMQC On Mech
LearnPick, 2015, accessed October 22, 2019,
https://www.learnpick.in/prime/documents/ppts/details/4353fmgmechanicakngineering

Observe how the dial tip is not flush with therface being measured. The right edge of
the tipcontacts the surfaaghich provides afalsereading that is thicker than the point
truly at the center of the dial tip along the dotted IlBgsentially, the tip does not make
contact perpendicular to theed; the tip is measuring along angledsurface. This

effect is exacerbateti¢ thicker the reed gets, as the curvasteepensnd the angle is

more pronounced.
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There is no way to eliminate cosine error when measuring reeds in the context of

the micrometers discussed in this documé&he standardlial tip o most micrometeyis

guitewide considering the surface area it is meant to meablangever, cosine erraran

be reduced if a thinner dial tip is used. Figure 2.5 provides a highly magnified view of the

ball tip end of aial indicator making contact withn angledurfece, which represents

the reedThe amount otosineerror is show by the arronwbracket Now suppose the tip

is reduced in size. Figure 2.6 demonstrétesthought experiment and shothsta

smaller tip leads to a smaller angle between the tip anditfeecs resulting inreduced

cosine error.

: Cosine Error

Figure2.5: Cosine error example withick dial tip.
P is the Point of Contact.

P, is the Theoretical Point.

r is the radius.

ais the angle.

The cosine error is the difference between P and
Source:Adapted byAishwarya Shettigafrom
Zhaolin Han and Maoxin
VectorMeasure Method of Coordinate Measuring
Ma c h i KeyeEngineering Materials61 (July 15,
2013): 574,
https://doi.org/doi:10.4028/www.scientific.net/KE
M.561.572

23

| Cosine Error

Figure2.6. Cosine error reduced with thinnel
dial tip.

P is the Point of Contact.

P, is the Theoretical Point.

ais the angle.

The cosine error is the difference between F
and B The aror is reduced when the diamet
of the dial tip is reduced.

Source:Adapted byAishwarya Shettigafrom
Zhaolin Han and Mao>»
on the Vector Measure Method of Coordina
MeasuringM a c h i KeyeEngineering
Materials561 (July 15, 2013674,
https://doi.org/doi:10.4028/www.scientific.ne
/KEM.561.572
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Toolswith an angled dial tipsuch as PAR2, intduce yet another problem. An
angled dial tipwill produceincorsistentmeasurementsecause the dial tip minutely
pushes the reealvay from the ridgerhis effectbecomes more pronouncesithe reed
gets thickeand the slope is steepdngtdial tipdrifts towards the owr rails of the reed.
Perhaps having an angldal tip reduces cosine errbecause thdial tip makes contact
with the reed at a point closer to the center offilaktip. However, the angled dial tip is
not helpful if it pushes the rdeaway from the ridge, even if itddminimize cosine error,
ard once the tip passes the center of the reed (a position which changes on a per reed
basis), the cosine error is at its worst when the backside of the dial tip is against the
reedo6s guerli demanstratésithat there is no true point of refevatiuaut

cosine error when the dial tip is at an angle

Figure 2.7: Angled dial tip.
Image byAishwarya Shettigar.

There is no point at which the user can be confident that no cosine error is resemt.
may be one point at which the angle of the tp and curvature of the reed match
precisely and at that point there is no cosine error, but that point willendekectible by
the usemand will change reetb-reed because the curvature of each reed is diffdgnt

contrast, making the dial tipeppendicular to the surface being measured assures at least
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one positioncenter)at which no cosine error is present (figure D&yause the dial tip is

perpendicular to the reedébés surface

S —

Figure 28: Perpendicularidl tip.
Image byAishwarya Shettar.

It is important to consider cosine error when engineering tools in turdeaft
appropriate designs and understand the mat
for the purpose of a user measuring clarieets, tis knowledge is unneceasy, for the
small amount of cosine error present, as longusser measures reeds with the same tool,
the amount of error is uniform acrasémeasurements so it is still possible to compare
reeds across brands and cuts

Both PARl1and Jeanne ReedGauggve external parthat carbe lost or
damaged. RR1 requires a black plastic bar as the ridge barrier. It is easy tdJodke
specificPAR1devicel tested the tack track was cut too large for the lsausingt to
wobble in its position, thus creéad) inconsistent readings (though goeaterthan one
thousandth of an inch differenc@he craftsmanship is not consistent between tools, and
an error such as this distorts measuremdits.Jeanne ReedGge table can be removed

and lost Users must pehase additional tables to measure reeds of different lengths.
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Each tool is ambiguous as tdhereto line up the reed. ORAR?2, it is up to the
user to pick where tplacethe tip of the reedn the base dhe micrometerShould it be
at the inner edgeuter edge, or center of theideline? FAR1 is easier to use because
the guide lines are thiand leave less room for interpretatidine Jeanne ReedGauge
locks the sliding table in plaaeith a pin, but he vertical guidelineéC, 1, 2, and 3 in
figure 2.3) are difficult to align with the reeedgedue to their thickness.

Finally, it has been mentioned in passing in the preceding discussion, but it should
be stated plainly thaturrent models leave too much room for human efroey all
extensively depnd on user hand movements and vigudementThe micrometers are
dependent othe user to physically control reed placement, properly calibrate the dial
clockface, and move the dial indicator or accessory parts. They are dependent on the
us er 6 sbilityitosnterpriet the dial face measurements and choose how to place a
reed aginst guide lines. It is impossible for a user to operate so many moving parts with
the same level of attention, accuracy, and consistency every time over the years and
acrosshundreds of reed measurements.

Having just summarized the key design flawsammercial micrometershé
following section discusses in detail the positive and negative featueestofndividual
tool, including aesthetic choicesot just those whichmpair accuracy and reliability
Supplementary information related to each tool may be found in AppendixeB.
discussion begins with PerfectaReed Version 1, the earliest commercially produced

single reed micrometer.
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PERFECTAREED VERSION 1

BenArmat®@ s Per f ect aRe e ditedMrel©69.iTbhongh it hasvieng |
since been retired and replaced witleasedtool (PAR2), many professionals still own
PAR1, and it isstill available through secorthnd sellersPictured in figure 2, this
version isowned by Robert DiLutis, and henitit to me to conduct tests for this project.
PAR1 has a Mitutoyo dial indicator that measures in thousandths of inches.
Measurements are derived from a black plastic reference bar which can be adjusted in
two grooved tacks on the front and back sidetloé device. The side rail of the reed is
pressed against the black bar. Rotating the black bar allows the user to capture
measurements in increments of 1 or 2 mm from the reed rails in the outer groove and

increments of ®r 4 mm in the inner groove.

Figure2.9: PerfectaRedVersion 1
Source:fiREED WIZARD REED Wizard LN $249.98 | PicClick Googlelmages accessed Novembe
9, 2019 https://images.app.goo.gi§HcEyr2q5kqc88)
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There are eight scribed lines on either side of the diap@ged 3/16 of an inch
apart allowing the user to flip the reed to measdinethickness angymmetry of both
sides At line 1 closest to the tipmeasurements begin appimately 2.5 mm from the tip

of a reedFor aBz clarinet reed, only seven positions are neeadedg the reed tahle

The reed table between the grooves is 16wimte. The dial tip strike approximately 12

mm from the baclf the reed tabland 4 mm from ta front. PAR1 measuesoprano
saxophoneE clarinet,Bz clarinet and alto saxophone reedsass clarinet and tenor

saxophone reeds can be measured the full length of the vamp ifgoasdreyond
Position 8 to the end of the reed talpgcing the reé tip wherePosition 9 would be if it
were numbered. Baritone saxophone reeds are too large for thighaligh
measurements can continue if the user pushaedutip beyond the edgef thereed
table.

Assuming a player measure8aclarinet reedn all available positions, PAR1

collects 56 data points (four incrementstan sides of the reed across seven vertical
positions).On the particulaPAR1tool used to conduct testhe back baris too thin for

the back track causing the bar to wobblé@smosition As a result, measurements taken
with the bar inthe inner groovareinconsistent between measurements of the same reed.
See AppendiB, tables7.1 and7.2 for a data output of a 4.2%gerereed test

measurement on PARthich demonstrateghis inconsistencyThese are the positive and

negative features of PAR1.

Positive features Negative Features
91 Dial tip perpendicular to reed 1 Only measures two sides clearly,
1 Most reliable measurements no universal center line
between PAR1, PAR2, and Jean 1 Measurenentsarederived from
ReedGauge di stance from r
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Easy to use

No recalibration requiredetween
measurement@ial indicator is
stationary)

Small and portable

Capable ofmeasurig various reed
sizes

Guide linesarethin, leaving little
guestion about where to line up t
tip of the reed

center which distds readings
because reeds taper towards the
heel

Reed mustbe flipped to measure
symmetry from the same table
position

Clockface dialsdifficult to read
for exact measurement
Clockface dial require
recalibration over time as
environmental conditions chamg
Measurements only available in
thousandths of inches (digital dia
preferred to capture in inches or
millimeters)

Black bar eneasily be lost, the
only tool to provide a extermal
measurement baer

On the device pictured, the back
trackis loose which causethe
black bar to wobble, thus creating
inconsistent readings

Using Armat obs
template, the user collects 56 dat

points onBz reed

PERFECTAREED VERSION 2

Revisedapproximately 30 years after its inventidhe second version of
PerfectaReed (PARZigure 210) eliminatesthe need for guide bars and platee dial
tip indicator at an angle to the reddhere is no documentation available to expthm
seleced revsions butit is assumd the changes are the resultuskr feedback and new

ideas generated bygventorBen Armato.
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Figure2.10: PerfectaReeWersion 2
Sourcei Reed Wi z ar d Tiedeell WizardacéesseddOctober 22, 2019,
https://www.amazon.com/Reabllizard-PerfectareedPerfectaReed/dp/BO00XZXD70

PAR26s Mitutoyo di al i n d inchest Measurenmerss ur e s
are derived from adge on the tolobehind the dial p; thereed gil presssagainst the
ridge.There are eight scribed lines on either side of the dial tip, allowing the user to flip
the reed to measure the symmetng thicknessf both sides. APositionl,
measurerants begin approximately 2.5 mm from the tip of a r@edl move increments

of a quarter of an inclPositions A through F move in increments of an eighth of an inch.
For aBz clarinet reed, only severertical positions are neededong letters A through ,E

with position E giving the closest center readingge PAR1,PAR2 measures all reed

sizes,even f t he tip of a | arge reed must go bey
PARZ2is more convenient to use than PABEcause thblackguide bars are

eliminated.As described in the opening section of this chapter, the angled dial tip makes

PARZ2 less accurate than the founding version because it pushes the reed away from the
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ridge. Ths effect is exacerbated as the reed gets thiéaditionally, the carriagérefer

to figure 1.4 for nomenclatur@ust be moved manually Rositions A through E, a

process whichequires dial recalibration at each position and leaves room for human

error matchingthe carriage lines to the upper base lettétrese design flaws criea

measurement inconsistencies even when the same reed is measured by the same

individual usinga standardizetheasurement methodologyable7.5 of Appendix B

contains a data output demonstrating this inconsistency.

a singleBz clarinet reed (AppendiB, figure7.7i s

measurement templatea numbervhich is entirely too many data pointsmy view. The

Usi

ng Ar mat oods

p r thosl, ¢he user ealleci# data paintsiom g

a copy of the

following list states the positive anegative features of PAR2

Positive Features

T
T
T

Easy to use

Small and portable

Capable of measuringarious reed
sizes

Measurs five horizontal psitions
with carriage movement

Dial face angled up for easier
reading
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Negative Features

Dial tip is at angle tohe reed
which pushethe reed away,
skewing measurements
Recalibration required for every
horizontal measurement in
positions A througlhr
Measurementarederived from
reedbés rail, no
distoriedreadings because reeds
taper towards the heel
Reedmustbeflipped to measure
symmetry from the same table
position

Guide linesarethick, leaving
ambiguity about where to line up
the tp of the reed (left edge of line
center of line, or right edge of line
Clockface dials difficult to read
for exactmeasurement

Clockface dial requite
recalibration over time as
environmental conditions change

me
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1 Measurements only available in
thousandths of inches (digital dial
preferred to capture in inches or
millimeters)

T Using Armat obs
template, the useollects 70 data

pointson Bz reed

JEANNE REEDGAUGE
Sold by Jeanne Inc., the Jeanne ReedGauge Mitutoyo dial indicatoressiasu
hundredths millimeters. Measurements are derived from the heel of the reed which rests

against a ridge on the sliding readble. The Jeanne ReedGauge is pictured below in

figure 211
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Figure2.11: Jeanne ReedGauge.
Photograpltby Patrick Lill, adapted by Natalie Groom.

The reed table has four engraved lines. The dashed €&limes to visually center the
reed;it is not used as a point of alignmevithen thdeft edge of the reed tip is aligned
with Line 1, the lefsideof thereed is measured. Line 2 measures cegproximately
andLine 3 measureshe right side of the reetlines 1, 2, and 3 are marked3mmm
increments, whilé€ositions 0 through 4&re in 5 mm increment#.is unclear why the
inventor includedhreepostionsat 35, 40, and 45 mimecausé¢he longesBz clarinet
reed vamp is 30 mm in lengthhe inventor specifically designed tmesedtable to only
measurdBz clarinet reeds, so the additional 10 mm areneaiessaryPerhaps the
inventor hough it might be useful to measure reed thickness at the(bagiond 30 mm
from the tip of the reedp compare bark thickness across reéasugh fom an

adjustment standpoind,c r api ng t he bar k do &ssuminga
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user measures threeints horizontally across the reed and seven positions vertically, the
Jeanne ReedGauge collects 21 data pointsBinctarinet reed.

At Position 0, the reed table starts measurements approximately 2 mm from the
tip of aBz clarinet reedAs mentionedat the beginning of this chaptergasuring a reed
based on the distance from its henelkes it impossible to compare reeds of different

sizes Because reeds are different lengtimn tip to heelPosition 0 catbe a slightly

different distance from théptof the red from braneto-brand. The pictured devianly

measure8z clarinet reeds, as the guide lines and length of the reed table amizasto

to Bz clarinet reeds. The company requires users to purchase other size reed tables

separatelyor an adlitional $27.5Q(as ofApril 2020, and Jeannénc. only offers

additional sliding tables for alto saxophone/alto clarinet and tenor saxophsme/ba
clarinet® It impossible to measure smaller reeds (soprano saxopEookyrinet) or

larger reeds (baritone saxophobefause there are needtables availale to
accommodate those size reeds. With PAR1 and PAR2, theargastentially measure
reecs of all sizes if the reed is pushes off the edge of the tool. This is not the case with
Jeanne ReedGauge. As pictured in figur@ 2eten if a user wanted tdilize the tool to
measure reeds of various sizes, being bound to Position Olaskbdstating point

prevents users from doing so.

“Aleanne ReedGauge, Metric Dial prl24i201B,i met er s) , 0
https://www.jeanne
inc.com/mm5/merchant.mvc?Session_ID=18bb15b6e48aab6flcabe73e9a37b4876&Screen=PROD&Store
Code=JI&Product_CodeF¥F4d00M&Category Code=JCRG.

34



O b

=4
-k
=

Figure2.12: Jeanne ReedGauge with four different reeds.
At Position0, this isthe point of contact between tHgl tip and a reedReeds from left to right: alto

saxophoneBz clarinet, soprano saxophone, ddclarinet.
Photograph byratrick Lill.

At Position0 (labels on left edge digure 2.13, the dial tip touches 5 mm from the tip of

an alto saxophoneed.The ti p reading is the most i mpor

response and clarity, so itngecessaryo beginmeasurementspproximately2 mm from

the tip.It is possible to remove the locking pin and slide the reed table back far enough to
be 2 mm fom the alto saxophone reedip, but there are no guide linesthe right of

Position 0. If Jeanne, Inc. hatkrelyscribed lines in both directions from Position 0, it
would be possible to measure longer reeds witlsdmee reed table. | suspect thestea

they did not do this was to force users to buy additioreal tables. At the other end of
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the reed length spectrungmano saxophone a# clarinet reeds cannot be measured

unless moved to a starting position of &@osition whiclplacesthe dial tip
approximately 4 mm in from theeedtip. People can still westhe tool to measure any
point of a reed, but users will not be able to lipauith the guide lines.

It is possible to remove the reed table #Hipdit to the opposite sidef the
micrometey but in doing so it becomes impossibleto lineup therdedita 6 s gui de | i
with Positions 045, as the scribed line only exists on one sidihe sliding table. If
Jeannelnc. had scribed the line on both sides of the sliding table, it could be effectively
reversed to capture measurements on the flipped®igeinclusion of this line would
have been a very smalbsmeticcost that could éve added a lot more flexibility and
practicality to this tool without taking away from sales of additional reed tables.

It is unclear why Jeanne, Inc. chose aelsasthickand heavyPerhaps the
inventor thought this would make the base secure and tyedglbugh to not be easily
knocked over. Whatever the reasoningjghing in at54.6 ouncegby contrast, PAR1
weighs 9.7 ounceand PAR2 weigh 14.2 ouncégsthis seeminglyosmetic choicés a
burden without obvious benefit. Jeanne ReedGaugewseldy, particularly when
traveling and transportingbyaf.he t ool 6s added girth does n
large reeds, a benefit which would perhaps be reason enoughnuoirate added
weight. Another potential probleraf which uses should be aware isow to calibrate the
Jeanne ReedGauge diilshould be calibrated with thegal tip on the flat part of the reed
table to the left of Line CfiQure 2.13) because a calibiian madewhile the dial tipis
touching Line Cbds gr ooV ewso-hundrédisof pmilindetec e a r

(figure 2.14).
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Figure2.13: Jeanne ReedGaugalibrated.
Thedial is calibrated to zero at the flat part of th
sliding reed tald.

Photograph byratrick Lill.

ReedGauge

Positive Features

1
1
1

E |

Dial tip is perpendicular to reed
Easy to use

Sliding tableis convenient for
vertical measurements and smoc
sliding

Pin lockstable in place if desired
Guide line and table linare easy
to align

No recalibration required (dial tip
indicatoris stationary)

Reeds anbe flipped to measure
on left or right side

Figure2.14: Jeanne ReedGaugecalibrated.
Two-hundredtls of a millimeter erroioccursif
calibrated where dial tip contacts Line C
grooves.

Photograph byratrick Lill.

The following list states the positive andgati\e features of the Jeanne

Negative Features

T
1
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Nothing toldsreed in place to
prevent drifting while measuring
Doesnot measure horizontal
positions easily becausestup to
the user to visually inspect and
align the reed
guide lines
Measurementarederived from
the heel of the reed rathétran the
tip, making it impossible to
benchmark tip readings from ree«
to reed



Clockface dialsdifficult to read
for exact measurement
Clockface dial reques
recalibration over time as
environmental conditions chargje
Recalibratiormustbe derived
from flat areas on the sliding table
not on the guidelineapressions
Measurements only available in
hundredths omillimeters(digital
dial preferred to capture in inches
or millimeters)

Base unnecessarily large and vel
heavy making it not easily portab
To measure reeds of various size
the usehasto purchase another
size table

REEDS 6 NDISITALIMEASURING DEVICE

It is worth mentioning here that there is anotinéerometeravailable in Germany

f rom Re e dvlichs8haresSdaturésfwith U.S. micrometers and is the only other

single reed micrometer that can be found on(pietured in figure 2.3). It eliminates

several problems found in PAR1, PAR2, and the Jeanne ReedGauge. | have not used this

tool, as U.S. wtributors do not carry it and the procurement costs are prohibitive.

However, based on visual observation and correspondence with the mamenfdaan

discuss its abilities.
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Inch OFF ZERO
ION

Imm

Figure2.15:Reeds o6n Stuffds digital single reed nm
Sourcen Reeds 'n Stuf f: Digitaler Messplatz, o F
https://www.reedsnstuff.com/Klarinette/MesseruefenTesten/Digtaler-Messplatz.html

Reed6n Stuffds Digital Measuring Device
in hundredths of millimeters or thousandthsnahes. The dial is stationary which means
it does not require recalibration between posgi Measurements appear todeeived
from the center of a reed, a feature which allows users to compare reeds of different sizes
and cutsThere are three movealptates to the upper, left, and right side of the reed
against which the reedbds t i pridghnltusesa des r es
locking pin mechanism to secure each plate in place. The user lifts the black ball handle,
slides a plate, then doe the pin to secure the plaiée left and right side plates are
adjustable in increments of 1 mm. The plate at theftthe reed is adjustable in
increments of 2 mniChere is nothing holding the reed in place, and it appears that the
lower half of thereed hangs off the todBased on the available image and product

description theseare likely the positive and negatifeaturesof this micrometer.
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Positive Features

Dial tip is perpendicular to reed
No recalibration required (dialpt
indicatoris stationary)

Small and portable

Capable of measuring large reed:
Guide linesarethin
Pull-pinsensure exdc
measurement position every time
Measurements start at the tip anc
center of reed
Measurementareadjustable in
increments of 1 mnrém left to
right, and in increments of 2 mm
from tip to heel

Negative Features

il
)l
il
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Reedis not secured to prevent
movement

Pull-pin actionis tediousand time
consuming

Difficult to measure large reeds
due to pin locations, reed table
width, and reed table length



CHAPTER THREE: INVENTING A NEW TOOL
Chapter Two laid the framework for potential improvements for asiegle reed
micrometetbased on flaws found in commercial micrometars this chapte details
what improvements were determined to be necessamarrant the invention of a new
tool. While theoriginal research intent was to measure reeds of four elifféarands to
test their consistency, this idbad to bgut aside wheihdiscovered that commercial
reed micrometers did not yield consistentaliable resultsA new micrometer needed to
be inventedo one day be able to carry out the original redeanent.| first compiled a
list of requirements
Theimprovedmicrometemust derive measurements from the center and tip of
the reedThe ceter of the reed is the only posititimatdoes not have a counterpart to
check for symmetry which is why it should be the starting pdimtiemonstrated
previouslyon the leftin figure 2.2, deriving measurements from the center of the reed
means each lmof measurement will be parallel to ttenter of the reedhis allows a
user to compare measurements acvas®usreedcuts, sizes, and brand®y contrast,
when the reed rail is aligned to a ridge, the lines of measurement run parallel to the ridge
and capture angled lines of measurementacs s t h e (figuee@.B 8ghts ur f ac e
Lines of measurement to the left and right of center will always be parallel to the center
line rather than tilting in at an angle proportional to the difference betthedip and
heel widthsHowever, this isacceptable because as long as the line of measurement is
parallelfrom ther e e d 6 $symneettidaleneasurements can always be compared.
The dial tip should be perpendicular to the reed because an angleshgs ploe

reed awayAn additional benefiof a perpendicular dial tip is that the downward force
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pushes the reed down and flush with the measurement table, a desirable feature when
measuring cane reeds that have warped over Tiredial tip diameteshout be as small

as possible to reduce cosiarror, but not so small or pointed that it catches on the reed
or creates indentations. The dial indicator should remain stationary to circumvent
recalibrating every time it moves, and it should read onbtmoe thanfour decimal

places asany more han this is unnecessarily granular. It is important that the micrometer
parts are tiachedo each otheras loose parts or extra accessories can beTlostdial
indicatorshould be digital rather thananalogclockface.The most obvious advantage

to a digital indicator is the ability timgglebetween inches and millimetersaking it

user friendly for the rest of the world operating in the metric sydbegital dials

calibrate to zero at the press of a buttather tha relying on a user to properly

recalibrate a dial face. Additionally, the digital indicator displays a numeric measurement
rather than the user counting the number of rotations across tlodikdhceand

possibly misreading the display.

Thereed musbe clamped in place to keep it from naturally drifting, and having a
clamp reduces human error by ensuring the reed stays aligned to center at all times.
Thinking of the instrumentds aesasdomphad c s,
as possile while maintaining an ability toneasure reeds of all sizésach position
should be clearly labeled with a mechanism to lock positemmdthere should bao
ambiguityof where to line up parts afreed.These design choices reduce oppottesi
for human error, as the dial calibrates at the touch of a button and presents clearly printed
readings; the user will not move the reed while it is clamped in place; and individual reed

positions lock in place so there is no question of where toatakeasureent.
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CHOOSING SPECIFICATIONS

After brainstorming these design featudedecided what incremental
measurements the micrometer would capture. Using a staBdatdrinetreedas a

baselind because it is the most widely used reed of the clafiametyd it was

determined that the ideal number of points to measure would, fige8positions from

left to right across the reed, and seven positions from tip to the end of the Nase.

data points providitenough detail to map the contour of a red] not so manthat the

level of specificity would b&nhelpful As diagrammed in figure B, horizontal

i ncrements were spaced,;vericdl measarerhentelmgah e r ee

mm from the tip of the reed and moved in increments of 5 mmédfare

43



Reed Tip

Smm[

Center Line ———m8™—)

Figure3.1: Ideal data pointsollectedon a Bz clarinet reed.

Vertical measurements start franridgewhich meets the tip of the reed. Vertical measurements beg
2.5 mm from the tip of the reed and move in 5 mm increments thereafter. Memsussfrom left and
right of center are in 2.5 mm increments.

Image by Aishwarya Shettigar.

With these design choices and measurement specifications, the first prototype was
produced in collaboration with Robert DiLutis, professor of clarinet at theddsity of

Maryland College Park.
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PROTOTYPE 1

. Dial indicator
Tip

Base

Base numbers
Reed table
Clamp

Pins

. Pin holes

. Grooves

CONOTHWNE

7654321234567
R T

Figure 3.2: Prototype 1.
Photograph by Patrick Lill, adapted by Natalie Groom.

Prototype 1 was constructed from 3D printed black plastic. The base ¥as
inches across the frqr ¥inches acrasthe sideand 5 inches tallThe reed was
centered on a white linen the reeddble and held iplacetowards the hedly a boxlike
clamp At the front of the base weR®sitions 1 through7 extendingboth directionsas a
palindrome from Bsition 1 sothatthe reed table could be flippedreasurdrom the
oppositeside.Pins at the back left and right side of the tqmit the reed table at five
positions from left to right across the rgsden in theipperview of Prototype 1 in figure
3.3). Totakevertical measurements, the reed table slid out and into the nextlié@mb

groove the underside of the reed table had a notch which threaded in each groove of the
basePrototype 1 collected 35 data pointsBmclarinet reeds and 30 data pointsksn

clarinet reeds.
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7_5543?71234567

Figure3.3: Prototype lupper view.
View of five pin positions and condrooves
Photograph byratrick Lill, adapted by Natalie Groom.

Two flaws emerged. First, because of how narrow the reed clamp wag&zonly

andBz clarinet reeds codlbe measured. Secoriff)sitions 1, 6, and 7 were unstable

because the reed table was not long enough to reach th®pmend of the reed table
would rest against a pin, but the otlesrd was too showhich caugdthe table to rest at
an angleNo mettod was in place to keep the reed table perfectly straidet first
prototype was successful in its attempt to physicalize the design features which
prevously only existeaonceptuallyPrototype 1 was built at low cost to test ideas with
minimal financal commitment. After its creatiohtook note of the positive and negative

features of the device to draft an improved version.

Positive Features Negative Features
9 Dial tip was perpendicular to reed 9 Cumbersome to use because of-
91 No recalibration required (dial tip comblike movement ad pins

indicatorwas statonary)
1 Small and portable
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1 Comb movement loddthe reed 1 Only measuré E2 andBx clarinet

in place reeds due to the size of the reed
1 Clamp prevented reed from clamp
drifting 1 Positions 1, 6, and Wereunstable

because the reed tali@s not
long enough to reach the pin,
causing it to rest at an angle

1 Clockface dial(digital preferred)

PROTOTYPE 2

1. Dial indicator

2.Tip

3.Base

4. Horizontal plane

5. Vertical plane (reed table)
6. Ridge

7.Pin

Weh ' BFF ZEROC
mm - Son

ON

Figure 3.4: Praitype 2.
Photograph by Robert DiLutis, adapted by Natalie Groom.

Prototype 2 was constructed from wood in three layers. The badeanvamxhes
across the front and*inches across the sidEhe layer on top of thbasaevas a moving
plane which capted horizontal measurements across the reed; it moved from the front
of the base towards the dial indicator and was locked in place with the black pull pin at

the back right corneknown as an indexing plunger system (figufs).3.
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Figure 35: Indexingplunger system.
Source:i MPN-5-M10X1-F, 6 Rul and Malnca &caessediNovembgr 28 @019,
https://www.ruland.com/ripn-5-m10x2-f.html.

The user lifted the black pin, slid the horizal plane, then dropped the pin to se¢hese

p | a placénsgentOn top of the horizontal plane was a second moving manghich

the reed sat. This reed talol@ptured vertical measurements across the reed,; it slid from
the left side of the base to thght side. In this prototype, the reed tip restedresia

black rubberidgeand was centered on a cosmetic line drawn on the reed table. The reed
was not clamped in placéhe second prototype had more positive features than negative
features.

PositiveFeatures Negative Features
7 Dial tip was perpendicular to reed 1 Easier to use than Prototype 1
1 No recalibration required (dial tip 1 Reedwasnot secured down so it

indicatorwas stationary) drifted during measurements
1 Dial tip indicatorwas digital 1 Baseor reed tableeecadto be
1 Small and portable longer sareedheels i@ nothang
! Two planes of movement all@asl off theendof the tod
users to easily capture any 1 Lackednumber or letter guides to
dimension any direin show what positionwas being
1 Pins loclkedthe lower table in measured
place

1 Measurd single reeds of all sizes

The most significant improvement that needed to be made follbing prototype was
ensuring the reedias secureth place. As the designs became increasingly sophisticated,

the next prototype was constructed from sturdier material.
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PROTOTYPE 3

1. Dial indicator (not pictured)
2. Tip (not pictured)

3. Base

4. Horizontal plane

1—> 5. Vertical plane (reed table)
9, 6. Ridge

6 7. Pins
8. Clamp

Figure 3.6: Prototype 3 (missing dial indicagard tip.
Photograph by Wesley Rice, adapted by Natalie Groom.

Prototype 3 was constructed from blue and silver plastic. The laytepafthe
basewas abluemoving plane which captured horizontal measwents across the reed; it
moved from the front of the base towards the dial indicator and was locked in place with
the black pimat the back rightorner. On top of the horizontdigme was a silver moving
plane which captured vertical measurements across the reed; it moved from the left side
of the base to the right side and locked in place with a black pin. The reed tip rested
against aidgebuilt into the reed table, and the reeds clamped in place with a metal
spring barThe function of Prototype 3 was significantly improved but still had some

negative qualities.

Positive Features Negative Features
9 Dial tip was perpendicular to reed 1 Pin actionwas slow and
1 No recalibration required (dial tip cumbersome

indicabor was stationary)
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9 Dial tip indicatorwas digital (not 1 Lackednumber or letter guides to

pictured above) show what positiomvas being

1 Small and portable measured

1 Two planes of movement allead 1 Clampwas effective but hdisharp
users to easily capture any edges
dimension any direction

1 Pins locledthe tables in place

1 Measurd single reeds of all sizes

1 Reed clamped iplace

Having solidified the coreomponents necessary for a Wiog and potentially
marketable togldesign specificationsvere sento amachinistto producehe next

prototype.

PROTOTYPE 4

. Dial indicator

Tip

Base

. Horizongl plane

. Horizontal plane numbers
. Vertical plane (reed table)
. Vertical planenumbers

. Ridge

.Clamp

©ONDUTAWNPE

Figure3.7: Prototype 4
Photograph byratrick Lill, adapted byNatalie Groom.
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Prototype 4 was constructed from blue and silver metal. The bae w3 O
inchesand 5 %2 inches talThebluelayer on top oflte basevas a moving plane which
captured horizontal measurements across the resdi fitom the front of the base
towards the dial indicatarsing aball plunger syster(figure 38) whichslid into grooved

indentations at each positigfigure 39 and 310).

Figure 38: Ball plunger system.
SourcefiTeco . 250 Steel Press Fit Ball Plunger,

2019, https://www.kbctools.com/itemdetaila03-53702

Figure 39: Ball plunger grooves on base
Photograph byratrick Lill.
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Figure 310: Ball plunger grooves on horizontal plane
Photograph byratrick Lill.

On top of the horizontallane was a silvaeed tablavhich captured vertical
measurements across the reethavedfrom the left side of the base to the right side and
slid into psitionusing the samball plunger systeras the horizontal plan@he reed tip
rested againstdgebuilt into the reed table, and the reed was clamped in place with a
metal barThe base of Prototype 4 had nine grooves (figureR8itions L4, L3, L2, L1,

C, R1, R2, R3, R4), and the top of the horizontal plane (figure 3.10) had nine grooves
(Postions 11 9). By pushing a plane, the roller balls slid into the next groove. Figure 3.11
provides a view of the roller balls affixed to the bottom of the silver reed table and blue

horizontal plane.
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Figure3.11: Roller ball positions onato planes.
Photagraphby Patrick Lill.

While the machinist was asked to repeat the indexing plunger design seen in
Prototypes 2 and 3, they thought a ball plunger system would be superior and produced
this instead. Conceptually and aesthetically, the idea wastate because a sliding
motionwas more convenient than raising and lowering a locking pin at every position. It
meant fewer moving parts and reduced the chances of breaking or losing a pin. However,
in practicality this was a poor choicEhe roller ballmethal introducel wobble in eah
position thus producing inconsistent resulfsthe user tapped the reed table to the left or
right, measuremestould be altered up to twihousandthef an inchwhile sitting in the
same positionFor examplein Position C2measuring & égere4.25 reedthe ball
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plunger movement caused a differen€emethousandth of an inglat Position C7, the
difference increased tavo-thousandths of an inch. Acroalt available positions on the
fourth prototypel13 positions ould be altered onthousandth of an inch or moas
denoted by the shaded cells in table Bifferences greater than offeousandttof an
inchneeded to be eliminatddr the micrometer to be deemed reliaflkis wiggle room
made it impossible to achie consistent res@itmeasuring the sanpdasticreed multiple

times.

Table3.1:Si xth reading using Prototype 46s roll e

LEGERE 4.25 READING 6

L2 L1 C R1 R2
L 7 7.5-8 8-8.5 7.5-8 7-7.5
2 |16.5-17 18.5-19 19-20 18-19 16-16.5
3 |285-29 32-325 33-34 31.5-32 27.5-28
4 1415-42 46.5-47 48-48.5 46-46.5 40-40.5
5 |56-56.5 62.5-63 64.5-65 61-62 54-54.5
6 |73-74 81.5-825  84-85 80-80.5 70-71
7 196.5-97.5 107.5-109  110-112 105-107 92.5-93.5

In thousandths of inchethe shaded cells denatmbbleof onethousandth of an inch or moirea given
position.
Table produced byatalie Groom.

The wiggle room was exacerbated at each subsequent measurement as the ball plunger
became increasingly loosgee AppendixC, table7.6 for adata outputletailing the
inconsistencies found between six readings of the saatas the tiginess of the ball
plunger deteriorated.

Themachinistwas asked to construct measurement increments in the following
manner: vertical measurements ioegng 2 mm from theaidgeand in 5 mm increments
thereafter, and horizontal measuremel@sved from acenter line with four positions to
the left and right of center in increments of 2.5 mm. However, after conducting a series of

readings it was discovered thhedial tip was not actually touching the center line
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(figure 312), forcingmeto unscrew the dial indicator anganuallyalign it to center.
Additionally, Prototype 4 had been manufactured to read in increments of 2 mm from left

to right instead of 2.5 mras reqested figure 313).

Figure 312: Prototype 4 dial tip. Figure 3.B: Prototype 4 dial tip.

The tip ofPrototype 4 was left of the center line. Horizontal measurements had been built in

This was manually adjusted so that the dial tip increments of 2 mm instdaf the desired 2.5 mm

made contact with the center line. Here, the lines are scribed at 2.5 mm increment:

Photograplby Natalie Groom. and the dial tip falls just short of meeting the line
Photograph by Natalie Groom

Aside from these design flaws which were the result of inattention at the hands of the

machinst, | compiled a list opositive and negative features of Prototype 4.

Positive Features Negative Features

9 Dial tip was perpendicular to reed 1 Ball plunger systenteft too much

1 No recalibration required wiggle room in a given position
(stationarydial indicator) 1 Basewas thick and heavy

9 Digital dial indicator 1 Clampwas difficult to use and too

1 Two planes of movement allead small for large reeds
uses to easily capture any 1 Horizontal measurements should
dimension any direction havebeenin increments of 2.5

1 Measurd single reeds of all sizes mm, but they were manufactured

to 2 mm
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i Cosmetic center line meait easier
to center reed

1 Reed secured with a clamp to
redue reed movement

1 Ball plungersystemwas smooth
and easy to use

Having come close to a markéte invention, Prototype 4 became the model for the

Manual Reed Mapper.
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CHAPTER FOUR: THE MANUAL REED MAPPER
The ManuaReed Mapper (hereaftegferred to agi Mr . M asphereew 0 )
commercial micrometahatevolvedfrom the developmat of the four prototypes

described in Chapter Three.

Figure 4.1: The Manual Reed Mapper.
Photograph byNatalie Groom.

Unlike other commercial single reed micrometers, Mr. Mapper captures measurements
for reeds of any sizdrom Ez clarinet tobaritone saxophon&he length and width of the
measuring plandsas beendetermined by using a baritone saxophone reed as tlestarg
model, thus requiring minimum ofnine positions to measure across the reecharel
positionsfrom the tp tothevamp.Figure 42 compares clarinet and saxophoaed

drawn to actual sizeo show the variety of measurements which can be taken.
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- Soprano
Eb Clarinet Soxophione
Bb Clarinet
Alto
Saxophone
Tenor
Saxophone/
Baritone Bass Clarinet

Saxophone

Figure4.2: Actual size of six reed types.
From largest to smallest, the actual sizbafitone saxophone, tensaxophone/bass clarinet, alto

saxophoneBz clarinet,Ez clarinet, and soprano saxophone reeds.
Image by Aishwarya Shettigar.

Mr. Mapper meas@sin increments of 2.5 mritom left and right of centeand in
increments of 5 rhaecided 35 datafpdinisidealdoe alstasdarBai p .
clarinet reed. Moréata pointghan thisis unnecessarily granular, and less than this
providessn i ncompl ete picture of the reedds cor
on aBz clarinet reed, while PARcaptures 56, PAR2 captures @Ad Jeanne

ReedGauge captures.Z'able 4.1compares the available datapoints from commercial
tools and Mr. Mapper Theplus signmears measurementaay continue off the reed

table even if there are no guide lines.
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Table 4.1 Data points collected by single reeicrometers.

Mr. Mapper | PARI | PAR2 Jeanne
Eb clarinet, soprano saxophone 30 48 60 unavailable
Bb clarinet 35 56 70 21
Alto saxophone 49 56 96 unavailable
Bass clarinet, tenor saxophone 63 72 96 unavailable
Baritone saxophone 81+ 72+ 96+ unavailable

Table produced by Natalie Groom

PAR1 and PARDrovide an egessive numbesf data points, while the Jeanne
ReedGauge capturéswverthan desired on Bz clarinet reedThe Jeanne ReedGauge

cannot measure other regidesunless a separate reed table is purch&sgdre 4.3
shows a granular view dfi¢ data points mapped across reeds of all sizes with Mr.

Mapper.
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25mm |

Eb Clarinet/
Bb Clarinet Soprano
Saxophone
Alto
Saxophone
Tenor
. Saxophone/
Baritone Bass Clarinet
Saxophone

Figure4.3: Magnified view of reed da points.
This is a magnified view of thdata points Mr. Mapper captures across reed types
Image by Aishwarya Shettigar.

Mr. Mapper was developdtbm refinements tdrototype 4 The base i¥ by 3 O
inches and % inchegall, and it weighs 41.5 owes The tool is constructed in three
layers from silver and blue metdlhe most significandlterationbetween Prototype 4
andMr. Mapperis theswitchfrom a ball plunger systeffigure 38), in which the planes
slid along ball plungers, to an indexipfyinger systemin which the planes lock into
place usinglroppins(figure 35). Additionally, the reed clampas beemevised and

cosmetic grid lines added to the reed table to make it easier to center the reed.
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Whencontemplatinga product name, ManuReed Mappehas beerselected
because users operate the micrometer manualhegsove the planes around, and the
micrometerfimap® out the contour chreed. Thiscan beshortened to Mr. Mapper, as
t he @ moareaamabbrdviation & ma nraed |8imilarly, Dr. Mapper(discussed
in Chapter 5stands for Digital Reed Mapper withe additional fun implication that the

tool graduated to a higher lewbltis completely computerized and automatic.

FINANCIAL CONSIDERATIONS

Playing clarinet assumesfinancial burden of frequent reed purchases. For a
professional, it is typicabtgo through one to two boxes of reeds per month. Some
performersouy even more because they discard reeds that are not playable straight out of
the box. While | am speakiranecdotally, it seems most players would say they are
pleased with one tthree reeds per box and that the rest are not performance worthy,
though they might be suitable for rehearsals or practice Tiaide 4.2 provides some

insight into the minimum fiancial commitment single reed playdaseevery year.

Table 4.2: Yearly egenses of reeds.

Boxes per Price per | Cost per % performance Cost per Wasted dollars
month box reed worthy reeds year per year
1 $30 $3 30% $360 $252
2 $30 $3 30% $720 $504
1 $30 $3 60% $360 $144
2 $30 $3 60% $720 $288

In a year, the average clarinetist wastes $262 if only 30% of reeds are useable. Whws percentage
of performance worthy reeds increases to 60%, clartegtdsoup $10816.
Table produced by Natalie Groom

Assume optimistically that a performer deesd%s of their reeds to be concert worthy.
Considering the average professional musician burns through one to two boxes of reeds

per monththe amount of monewasted in a year on poor reeds is a minimum of $252
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If Mr. Mappercanincrease the percentage of playable reeds to a conservative
60%, the annual loss a bepermonth player experiences decreases by $4®8 3 of
table 4.2) Assune Mr. Mapper is piced at $350Because of the financial benefit the tool
provides, it pays itself ofh 3.2years for consumershe use a box per month addé
yeass for consumers who use two or more boxes per méiutha lifetime of reed use, the
investment is completglworthwhile and camlsohelp players reduce the number of
boxes they require per year because they are able to use more reeds per box. These
figures do noeventake into account the fact that Mr.adper measures reeds of all sizes

without having to purttase additional parts, unlike its competitors. Condlutemany

performers whaiseauxiliary instruments such &3 clarinet, bass clarinet, and multiple

saxophoned~or clarinetists, it is expectedplayer will double or even triple ork Br

bass clarinet, and saxophonists frequently play other size saxophones within the typical
four-instrument family; jazz woodwinglayers perform on saxophoreasd clarinets.

Those players are purchasing a boxeafds per month per instrument, so Mr. Mapper
pays itself off in the first year of usklr. Mapper hadeencompared to its competitors

and proven to be accurate and rdBaBee Chapter Six for the full account of
measurement methodology and testiesuts. With PAR2 retailing at $89 from The

Reed WizardApril 2020 and Jeanne ReedGauge from Jeanne, Inc. retailing at $325
(April 2020, consumers will likely be willingd pay approximately $35@00for Mr.
Mapperbecause of its tested and proveeasurement accuracy, ability to measure reeds

of all sizes, and ease of use.
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THE COMMERCIALIZATION OF MR. MAPPER
Mr. Mapper is available for purchasevavw.thereedmachine.coand
www.reedmapper.conT he followingmaterialis the product description and instruction

manual designed for commercial advertising and sale.

Mr. Mapper Product Description

Dimensions 7 x 3 7% x 5 ¥ mches
Weight 2.9 pounds

Dial indicator brand Etopoo

Dial indicator 0.000 mnches or
measurement increments 0.00 millimeters
Vertical plane increments 5 mm

Horizontal plane increments | 2.5 mm

The Manual Reed Mapper, or Mr. Mapper, is a micrometer designed to measure the thickness of
single reeds (clarinet and saxophone) of any size. This user-friendly precision tool helps you
improve reeds by identifying areas which need adjustment. Mr. Mapper uses a digital dial
indicator, two planes of motion, and a set of pins to allow different areas of the reed to be
measured and compared.

The ideal reed should be symmetrical from the center, but commercial reeds often fail the player
in this regard. Use Mr. Mapper to identify points lacking symmetry, and adjust the reed’s
symmetry for a purer tone, snappier response, and improved intonation. Mr. Mapper can be used
to reproduce reeds to identical dimensions of your favorite reed. Empower yourself to get more
life out of a box of reeds by making more of them playable.

Instructions

Mr. Mapper is shipped in a storage container lined with foam to protect the tool and provide a
measure of shock absorption. Familiarize yourself with the anatomy of Mr. Mapper before using.
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1. Dial indicator
- The dial indicator displays measurements.
2. Imperial/metric increments
- The inch/mm button allows you to toggle between measuring in thousandths of
inches or hundredths of milimeters.
3. Power button
- The power button turns the dial indicator on and off.
4. Calibration button
- The calibration button is used to establish the zero point as starting position.

5. Dial tip
- The dial tip makes contact with the reed.
6. Base
- The base is a sturdy metal block designed to balance and support measuring
activities.

7. Horizontal plane
- The horizontal plane measures nine positions from left to right across the reed: L3,
L2, L1C, Rl R R3
8. Scribed letters
- The scribed letters correspond to which position of the reed is being measured. C is
center, L1 is the first position to the left of center, L2 is the second position to the
right of center, and so on. The letter R corresponds with positions to the right of
center.
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9. Vertical plane (reed table)
- The vertical plane measures nine positions from the tip of the reed to the end of the
vamp.
10. Scribed numbers
- The scribed numbers correspond to which position of the reed is being measured.
Position 1 begins 2 mm from the tip of the reed, and Position 2 is 5 mm from
Position 1.
11. Grid lines
- The grid lines are used to correctly center the reed.
12. Ridge
- The tip of the reed rests against the ridge.
13. Indexing pins
- Raise and lower the indexing pins to unlock the horizontal plane or reed table and
slide them to a new position.
14. Clamp
- The clamp secures the reed in place by hugging it over the bark.

Using the Dial

Turn on the digital dial by pressing the “Off/On” button. The dial will automatically calibrate to
zero based on where the tip is located when the dial is powered on. To properly calibrate the dial,
be sure the tip is making contact with a perfectly flat spot on the reed table and then press
“Zero.” This dial gives the user an option to take measurements in thousandths of inches or
hundredths of millimeters. To toggle between the two measurement systems, press “inch/mm.”

Using the Tool

Before taking measurements, make sure that the dial has been calibrated. To use the tool, lift the
dial tip from the reed table. Place a reed on the silver reed table, lining up the center of the reed
with the marked center line and securing it in place with the clamp. Place the reed tip so that it is
lightly touching the tip guard, being careful not to bend the tip by pushing too hard. Lower the
dial tip gently to make contact with the reed.

To measure from the reed’s tip to the end of the vamp, lift the reed table pin and slide the silver
reed table back and forth. Drop the pin to lock it in place; the scribed arrow should line up with
the guide lines at the scribed numbers. There are nine available positions. Position 1 begins 2
mm from the tip, and every position thereafter is in increments of 5 mm.

To measure horizontally across the reed from rail to rail, lift the horizontal plane’s pin and slide
it back and forth. Drop the pin to lock it in place; the scribed arrow should line up with the guide
lines at the scribed letters. There are nine available positions. In the middle, position C provides
measurements at the center of the reed. Positions L1-1.4 measure to the left of center in 2.5 mm
increments, and positions R1-R4 measure to the right of center in 2.5 mm increments. The tip
can be left lowered during the entire measurement.
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Data Collection

For the speedy and efficient readings, start at the reed tip and measure the length of the vamp
before moving to the next left or right position to measure again from the tip to the vamp. With
this procedure, one can measure a reed in as little time as 90 seconds.

When measuring a reed, it is good practice to record each measurement as it is taken so that
problem spots are easier to identify. Use a table similar to this to record each measurement.

L4 L3 L2 L1 C R1 R2 R3 R4
1
2
3
4
5
6
7
8
9
Sample data entry table.

Using the following table as an example, identify symmetrical counterparts which have
differences of one-thousandth of an inch or more.

L2 L1 C R1 R2
1 6 6 6 6 6
2 15 18 20 18 15
3 26 32 34 32 26
4 47 52 46 38
S 74 67 58
6 100 91 82
U 128 120 109

Example data entry table with measurements of a Bb clarinet reed.

The shaded cells denote the points that are thicker than the opposite side. The parenthetical
numbers indicate how many thousandths of inches of cane should be removed. Remove cane
using a reed knife, reed rush, or 600 grit sandpaper to make the counterpart symmetrical.
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Care and Maintenance

When storing Mr. Mapper, insert a piece of foam between the dial tip and the reed table to
prevent dents and damage. Return Mr. Mapper to the foam-lined storage case between uses. Do
not drop the tool. Always carry Mr. Mapper from the base, not the dial or dial arm.

Suggested Supplementary Tools

4 x 6 inch reed glass

1 x 3 inch reed glass

Reed knife, reed rush, or 600 grit sandpaper (3M WetOrDry)
Reed clipper

Adjustment Considerations

When removing cane from a reed, do so slowly and patiently, removing a little bit at a time. It is
preferable to measure a reed before it has been wetted, as moisture causes the reed to expand.
Some reeds absorb more than others, and the rate of absorption is different reed-to-reed, making
it difficult to compare measurements across wet reeds.

Wet the reed and sandpaper (if using) before scraping. Play test frequently after removing cane
to reassess the mouth-feel. A reed that feels too soft can be clipped with a reed clipper. This puts
the heart closer to the tip, thus increasing resistance.

No two reeds will measure and feel the exact same; organic materials vary in their cell structures.
However, reeds of the same brand and same cut will fall within a predictable range. After
measuring several reeds, a pattern should emerge of the average dimensions.

Reed Considerations

Aside from adjusting reeds, be sure to take care of reeds to extend their lives and help them play
better. Have an established breaking-in process, and rotate reeds regularly. Store reeds in a
humidity controlled case to prevent warpage. Soak reeds in water before playing rather than
wetting in the mouth to quicken moisture absorption and limit saliva’s impact on the reed. Avoid
playing reeds while drinking coffee, after eating, or anything else that might latch on to the reed.
Discard reeds that were used during illness, as the bacteria can still thrive in the cane.

Other than cane quality, a warped, worn, or chipped mouthpiece can make reeds sound poor.
Make sure the clarinet is in good playing order, sealing properly, and has easy response.
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CHAPTER FIVE: THE DIGITAL REED MAPPER

A few months into the developmenttbe Manual Reed Mappdrapproached
the Mechanical Engineering Department at the University of Maryl@ollege Parlas a
resource for design and construction ideas. What was originédiyded to be a
collaborationto refine the manual reed tool turned into the invention of a digital
micrometerThe Di gi t al Reed Mapper (haewsafter re
constructed with the help of Majid Aroom, Machine Shkop Product Innovatio&
Realization Laboratory SigiLab Manager

The first meeting with Aroom occurred April 8, 2019. The discussion included
background information on the work done to date, a demonstration of commercial reed
tools, an overview dPrototype 3 (the most reoeat the time), and specifittans
required for the next tool iteration. Within the month, Aroom cretitenl own prototype,
andwe met to discuss i few weeks later Ar o o m6 wasdigdatlyloperated and
fully automatic. At the touch of a buttahmapped out the entire reatifive pointsfrom
rail to rail and seven points from the tip to the end of the viartipe span o¥0 seconds.
Themeasurementsere sent to a computer program which generated a-dmeansional
visualization of the redd surface. The reed was heldglace by a flexible metal bar, and
the center of the reed plate was aligned to the center of every reed to be able to compare

across sizegsigure 5.1 is a picture of this first rough draft of a digital prototype.
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/k’;'.’;' s B % :
Figureb.1: Prototype 1 otheDigital Reed Mapper.
Photograptby Natalie Groomadapted by R®Doyen.

This prototype was very large because the intent was to nfaketeoning tool
which could then be scaled dowbuilding at a large scale was the most -@fisctive
option while in the developmentstajevo mot or s powered t he
movement across the reed the first reed table iteration (not pictured above), the reed
table was an orand@D printed plate witlthree sets of notch€Bgure5.2, left) so that

the reed tip \ascentered between the notch@&ke dial indicator wscalibrated to find

center on that tabl&lo mechanism secured the reed in place.
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Reed Table 1 Reed Table 2

_l_,_‘_\_

Figure 5.2: B. Mapperreed table shage

The top of each reed table is picturbdthe first iteration (left) the reed table was shaped in notches.
the second iteration (right), the reed table was shaped as a triangle.

Image by Aishwarya Shettigar.

The problem with this design was tlzeB2c | ar i net reed woul d rest

first notch opening, while a bass clarinet reed would rest further back at the third notch.
With nothing holding the reed in place, there was no way to center reeds of various sizes,
as the width of some tgwould be too narrow or éavide to be secured by the notches.

As learned inth&la n u a | R e eplototy@ng precess, measurememeeded to
bederived from the same starting point from theadtfiphe reedn order to successfully
compare reeds ofladizes and brands. Thusflat tablewas recommended which the

heel of the reed was clamped doamd the tip met a ridge, similar to the design of Mr.
Mapper The second reed table produced by Aroom did not meet this requireméety as
instead crea&d a table with a triangular notdigure5.2, right). One advantage of this
approach was that any reed would naturally center withibdbeds of thesymmetrical
triangular shape, but the problem s@mainedf not being able to derive measurements
from the same starting point atthetipofallredds.oomés t hird reed tab

figure 5.1) eliminated the notch design and had the reed fastened to a flat table.
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Though an increasingly complicated agensive endeavor, the Digital Reed
Mapperwas a alluring ideaA particularly attractive feature of this design was its
automated data output to a computer progi@inutis, Aroom, and discussed how to
optimize this computerized capacity. A data expequired a power source by way of an
outlet or batteries. Regarding power options, the questions were posited: Can the product
also be used completely offlinkea user does not have a power source? What kind of
batteries might be used? Is it an optiorhave a rechargeable battery? If it mwest b
powered by an outlet, can the tool be easily corddor international audiences?

Regarding the data export function of the tool, the questions were posited: How
will a user save files? How will the data lhered? How will the user export data? What
program or operating system is required? Could a program automatically identify points
on the mapped out reechich were not symmetrical? The team also discussed the
possibility of controlling the tool with a celhone application. If so, who would design
the apjication? Could the computer output and #ipation be synced? Could it be used
offline? What would it cost to build an aligation with the minimum functionality
required?

After this second meetingycompiled a list of changesnd considerationf®r the
next set of revisions. The measurememsded to beaptured as fast as possible without
sacrificing accuracy, and the baseded to be as small as possible to remegsonably
portable.The reed tableotcheswvere tobe removed entirely anddineed table elongated
so that the ersbf largereeds did not hang off theable It was deemed beneficitd

engrave a cosmetic center line in the middle of the reed plate to make it easier to center
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reedsl sent these suggestions, a list of program soeement patterns, and a list of
programmable reed dimensiofts clarinet through baritone saxophone) to Aroom.

In the next meetingh September 2019, Majid Aroom asked Kevin Aroom to join
us.No changes had been made to the digital micrometer since the previous meeting over
four months prior. The first half of theaating was spent orienting Kevin Aroom to the
progress that had been made to date and explaining what changes needed to e made fo
the next iteration. It was emphasized that measurements should be derived from a center
line with vertical measurements gtag 2 mm from the tip. Kvin Aroom suggested
using a laser to measureds because of the speed capabiljittesteffectivenessand
the option to have no physical contact with the reed. These lasers were cheaper than the
dial indicator, but it was deteined this was not a viable option because of an inability to
put pressure on reeds which were warped. The advantage to aldialanwas that the
dial tip pushed the reed dovm beflush with the reed table, a feature particularly
important when measing used reeds whickeremore likely to have waigge The team
discussed the possibility of patenting the desagmiKevin Aroom offered to send a
budget proposal for the purpose of applying for grants.

The team reconvened the end of October 20180 new adjustments had been
made to the original machine, and there was no new prototype. Instad AKoom
introduced a neweasign conceph which an array of pins would cover the entire width
of any size reefigure 5.3) The arrayneecdto be pogioned sichthat each pin point
was2.5 mm apartThe array needed to be 11 pins wide so that at least two were always

touching he reed plate on the left and right side of a reed to establish point zero.
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—Linear shaft
/

~—Woodwind Reed

Circuit board
with magnetic sensors to measure
position of pins

Motor with leadscrew
fo move pin array along
linear shaft e

~——Pin array with magnetic heads

Figure5.3: Pin array proposal
This was desiged by Kevin Aroomfor the next prototype of an automated Digital Reed Mapper.
Source:Kevin Aroom, email message to the author, September 29, 2019.

At this juncture prototypingof the Digital Reed Mapper stalled because
collaboration with the Aroomsoaild only contine with a grant award or budget plan of
approximately $10,000No grant was awarded hus, the Digital Reed Mapper remaih

incomplete, and no patent applicatiwasfiled.
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CHAPTER SIX: TESTING THE ACCURACY AND RELIABILITY OF THE
MANU AL REED MAPPER

Because it was not possible to complete the Digital Reed Mapper, the Manual
Reed Mappebecameny default devicdor measuring reeds. After its development, it
needed to beested for its accuracweliability, and ease of us& order tohave
confidence that Mr. Mapper stood apart from its counterparts, | conducted a series of
measurement tests similar to those which were used in the infancy of the driogect.
testssought to answer to the following questions.

1 If a user meases the sameeed multiple times consecutively, will they
achieve the same results?

1 If two different users measure the same reed, will they achieve the same

results?

Is there increased consistennyresults after usesscclimate to the to@l

Does thestarting positiorand order of measurement affect the accuracy of

measurements?

1 Are there any features Mr. Mapperthatmake it difficult or confusing to

use?

With minimal instruction provided, ilr. Mapperintuitive to use?

Are there any features thaduld be improvedh future versions?

E

= =4

ESTABLISHING A REED MEASUREMENT METHODOLOGY

Aside from myself and Robert DiLutis, ten individuals were selected to perform
test measurement®f thetenparticipants, onljour were clarinetists. Others were wind
players, string plgers,andvocalists. Thiselectionwas intentional. | felt it was
important to have non single reed players test the tool because they woulittleaoe

no background knowledge of single reed micrometers or reeds. Their inpuhiased

andvaluable n evaluating the tool ds intuitive
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The test reed was a 4.25 plastégérereed to ensure it did not change over time
due to environmentaonditions Prior to each test demonstratethe toolsetup,
measurement actioand calibratiorfor each participantParticipants were given brief
verbal instructions (none written) on how to fasten the reed to the table, how to center the
reed, and how to maneuver the moving planes. | purposefully keipisthections brief
in orde to ascertain how little instruction could be provided and a user still intuit the
function of the tool. | was curious to see what questions might arise during the
measurement attempts; few did, which suggests Mr. Mapper wits/gto use.

Eachparticipantplaced thd_égerereed on the tool themselveseasured the
same reethreetimes and recordedheasurement datey hand on a document provided
by me igure 7.9, Appendix C) For measurement values that includedienberin the
hundredthousandthef an inch decimal place, participants were instructed to include
decimal places rather than rounding up or dolire firstmeasuremerdttemptservedas
the learning curve attempthile the following two attempts were the auttie attempts
Between eachttempt, | inspected the reedaisure it was still symmetrically aligned on

the reed table35 data points were collected on everydBarinet reed five positions

across the reed from rail to rail, and seven positions from the tip to the end of the vamp.
The measurement order was the same every time. Attempts 1 and 2 réat] R2:1 7,
C:li7,L1:47,L2:51 7. Attempt 3 read L2il7, L1117, C:11 7, R11i 7, R2:1 7; the
reasoningpehindthis was to measure the refedm opposing directions to see if the

starting position or order of movement altered restihg. data did not indicate

difference in results based tre measurement ordéiigure 6.1 illugrates how the labels

on Mr. Mapper correspord to specific positions oa Bz clarinetreed.
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L1 R1
L2 R2

NooupbhwNh-—

Figure 6.1:Mr. Mappermeasurement positiomemonstrated on Bz clarinet reed.

On the vertical plane, there are seven positions starting from the tip of the reed. On the horizonta
there are five positions. C is the centeelihl representthe first position to the Left of Center, L2
represents the second position to th& béCenter, and so on and so forth.

Image by Natalie Groom.

Though only two positions to the left and right of center are pictured in figure 6.1, Mr.
Mapper extends to four positions beyond center, L4 and R4, to accommodate the widest

reeds.The vertical plane extends to Position 9.

TEST RESULTS

| was interesteth observing how quickly participants adapted to the learning

curve of using Mr. Mappeil he clearest evidenad participant adaptatiowas the
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improvement in reed measurement timings across measurement attempts, as seen in
figure 6.2.

9:36

8:24

7:12

6:00

4:48

Minutes

3:36

2:24
1:12
0:00
Attempt 1 Attempt 2 Attempt 3

Figure 62: Timings across measurement attempts.
Image by Natalie Groom.

Every participan{each represged by a different color lineénproved their performance
time between Attempt 1 and Attempt Bhis demonstrates that even with minimal
instruction, after using Mr. Mapper once, users experience significant gains in reading
times and intuitive usag&or myself, someone who has used the to@onduct
hundreds of measurements, | average a maasmteime otwo minutes

Measurements from thwarticipants were compared to evaluate consistency
across different userblere, | willanalyzethe data and degbe the findingsSee
AppendixC, table7.7 for the full data outputrom every participanfThe most important
testing aspect of Mr. Mapper was its consistency acnessurement attemgy various
participants. | am pleased to report théslen compang the average thickness at a given

point on the reedhe anount ofdifferencewasonethousandth of an inch or less, as seen
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in table 6.1 with the exception of position R1:6 which had a difference of 1.15
thousandths of an inch between Attempt 1 andrfit 3 but was within onhousandth

of an inch between Attempt 2 and Attempt 3.

Table 6.1: Tst readingsgroup average.

LEGERE TEST READING #1: GROUP AVERAGE

L2 L1 C R1 R2
6.55 7.55 7.9 7.6 6.8
15.3 18.65 19.85 17.6 14.7

26.05 31.85 33.7 30.6 241
37.6 45.95 48.55 44.6 35.55
50.4 61.05 64.3 59.15 47.5

65.45 79.65 83.8 76.6 61.6

85.35 104.75 110.3 101.35 77.9

~NOoO o, WN Bk

LEGERE TEST READING #2: GROUP AVERAGE
L2 L1 C R1 R2
6.6 7.9 8.15 7.6 6.69
15.75 18.8 19.85 18.05 14.9
26.05 32.05 33.6 31.1 24.79
37.5 46.2 48.6 44.75 35.95
50.45 61.55 64.7 59.3 48.1
65.5 80 84.2 77.1 62.09
85.6 105.35 110.45 101.5 77.7)

~NOo ok WN B

LEGERE TEST READING #3: GROUP AVERAGE
L2 L1 C R1 R2
6.7 7.8 8.05 7.9 6.59
15.25 18.75 19.8 18.1 14.8
25.6 31.85 33.75 30.95 24.8
37.7 45.85 48.75 44.9 35.7
50.05 61.1 64.55 60.1 47.9
65.25 79.55 84.15 77.75 62.2
85.05 105 111 102.15 78.59

Thesetables e pr esent the average of ten parti Ghepa
yellow cells show that pdsn R1:6had a difference of more than ett®usandth of an inch between
Attempt 1 and Attempt 3The group averaggemonstrates thair. Mapper is 97% consistent.

Table produced by Natalie Groom.

~NOo o WN e

While this table maypppear unremarkablé demonstrashow consistent and reliable

Mr. Mapper isacrosameasurement attempts at the individual level and across Esers
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example, compare position L2:1 across attempts with an averédgebos.6, and6.7,
respectively behind these numbersea30 recordetheasurements which stdveraged to
bewithin onethousandth of an inch of each other

Similarly, the standard deviatiaof the groupalsodemonstraeMr . Mapper 6 s

consistency across users and measurement attempts

Table 6.2: Test readinggroup standrd deviation.
LEGERE TEST READING #1-3: GROUP STANDARD DEVIAT

L2 L1 C R1 R2
1 0.25 0.37 0.35 0.36 0.38
2 0.67 0.50 0.50 0.76 0.45
3 0.70 0.57 0.61 0.72 0.85
4 0.87 0.67 0.60 0.81 0.87
5 0.82 0.61 0.43 1.07 1.07
6 1.05 0.84 0.55 1.30 1.24
7 1.52 1.02 1.10 1.40 2.21

LEGERE TEST READING #2-3: GROUP STANDARD DEVIAT

L2 L1 C R1 R2
1 0.29 0.37 0.35 0.38 0.35
2 0.74 0.57 0.54 0.77 0.43
3 0.71 0.63 0.69 0.70 0.70
4 0.93 0.64 0.57 0.77 0.73
5 0.84 0.63 0.32 0.92 0.97
6 1.10 0.91 0.44 0.96 1.15
7 1.28 0.99 1.01 1.03 2.21

The upper table represents the standard dev
attempts. The lower table rgsents the standard deviation of the group after discarding Attempt 1
Theyellow cells denote patsons which have a difference of more than -theusandth of an inch from
the mean after being rounded up (values of 1.25 or greater are roundedupridHe micrometer
readout) When considering the group standard deviation, Mr. Mapper is 94% @nisist

Table produced by Natalie Groom.

The standard deviation identifies the amount of deviation, in thousandths of inches, from
the mean (the averagsesen in table 6.1). Again, it is evident that Mr. Mapper is reliable
to onethousandth of an inch in exy position except LZ and R27.

It is not possible to compareliability across toolsneasuring the same reed

becaus@ach tool captures a differamiantityand locatiorof data pointsbut it is
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possible to compatriaternal reliability on a petool basis. Table @ demonstrates

discrepancies between test measurements of a Légere reed using PAR2.

Table 63: PAR2test measurements.

PERFECTAREED VERSION 2 PERFECTAREED VERSION 2

Test Measurement 1 Test Measurement 2

in thousandths of inches

order of measurement: tip to heel

Legere 4.25

red denotes mismatch between Test Measurement 1

and 2

RIGHT RIGHT
A B C D E A B C D E
1 0 10 10 1.5 15 9 10 10 1 11
2] 17 20 22 23 23 17 20 21 23 23
3 26 31 35 37 38 26 31 35 38 38
4 365 42 48 52 53 36 425 48 52 53.5
5| 47 55 63 68 70 47 55.5 63 68 70
6 59 72 80 88 92 60 71 81 88 90
7] 172 90.5 104 113 119 72.5 90 103 1135 | 1185
LEFT LEFT
A B C D E A B C D E

1 8 10 10 1 1 85 10 10 1 11
2 16 19.5 21.5 225 24 16.5 19.5 22 295 23.5
3 2s 31 35 38 38 26 31 34 37 38
4 35 425 48 53 54 355 43 48 52 53
5 455 55.5 63 69 72 47 56 64 68 70.5
6 585 71 80.5 88 92 59 71 81 88 91.5
7 91 103 114 120 73 91 1035 @ 115 119

The data demonstrates a lack of internal consistency when measuring the same reed multiple tin
PAR2.When meauring with the reed on the left side of the dial, there are 13 positions which diffei
onethousandth of an inchr more. When the reed is on the left side of the dial, 7 positions differ.
Table produced by Natalie Groom.

PAR26s i nt e sves lowwitked totahdd 20 pasitiops differing by one
thousandth of an inch or mora 71% reliability when canparing measurement
attemptsBy contrast, Mr. Mapper has onyo positiors that could be improved

proving a reliability 0f94i 97 %.
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Othermetrics | examined included the maaied range of resultet a given
position, for which the data may be foundables 7.9 and 7.10 in Appendix dsing
Participant 1 as an exampietable 64, the range of difference between Attempts 2 and 3

was lesghan the difference between all three attempts

Table 64: Test measurement ranges of Participant 1.

RANGE ACROSS 3 ATTEMPTS

L2 L1 C R1 R2
1 0.5 0.5 0.5 0.5 0
2 0 1 0.5 0.5 0.5
3 0.5 1 1 1.5 1
4 0.5 1 2 2 1.5
5 1 1 1.5 2 2.5
6 1 0.5 15 3 2.5
7 2.5 0 2.5 4 4
RANGE BETWEEN ATTEMPTS 2 AND 3

L2 L1 C R1 R2
1 0.5 0.5 0.5 0.5 0
2 0 1 0 0 0.5
3 0.5 0.5 0.5 0 0
4 0 1 0.5 0 0.5
5 0 1 0.5 0 1
6 0.5 0.5 0.5 0.5 1
7 0.5 0 0.5 1 2.5

The upper table shows the widest range of difference at each reed position across all three meas
attempts. The lower table shows the range féidince at each reed position between Attempt 2 and
Attempt 3. Green cells denateduced range when Attempt 1 data is discarded.

Table produced by Natalie Groom.

The numbers within the cells represent the range of results between measurement
attemptsComparing three attempts, the widest range of diffiegavas fouthousandths
of an inch(PositionR1:7 andR2:7) comparing Attempts 2 arg} the widest range of
difference was 2.5 thousandths of an i{febsition R2:7) The green cellsahote
positions vhich saw improvement in range differences when Atteimpas discarded

from analysisOnce the participant acclimated to the tool, their results were consistent
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within onethousandth of an inglwith the exception of position R2:&dditionally, their
measirement accuracynproved over timeSee table 7.1hiAppendix C for each
participantds range across all three attem
includes Attempts 2 and 3he data did not reveal any patterns or items of note when the
group raige was documentethple7.10, Appendix C).

Unsurprisingly,across participants and measurement atterti@gositions with
the most variation were at the end of the
the turnaround position on the reed whthe vamp starts to meet the bark. Theesisp
unstable herelhe dial tip may slide aroun®ositions L2:6, L2:7, L1:7, C:7, R1:7, R2:7,
and R2:6 are the most affected by this. However, when making reed adjustments, these
positions are also the leasiportant because changes at these pointistidatd alter a
r e e d 6 sWhdeahe godl.is always to have Mr. Mapper perform as accurately as
possible at all positions, it is understandable if those seven positiongreateranges
of difference acrss measurement attempt$ie group average drstandard deviation

provesthateven those unstable positions can be reliable within a thousandth of an inch
with the exception of L2:7 and R2:7. Though this data collection only reprd&ents

clarinetreeds, the outermost and lowest positions on anywékgroduce the most
inconsistent results because of being at the cusp of cut reed and the reed bark.
PerfectaReed and the Jeanne ReedGauge share this struggle, but those tools are also
inconsistent across the entire reed surface.

This test study wasrhited in its number of participants, brdnsidering that over
half of participants had little too knowledge of clarinet reeds and micrometers, it is a

testament to Mr. Mappés reliability that the results were this consistent. | originally
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intended teexcludedata from Attempt 1rbm my analysis because it was the learning
curve attemptor participantgo acclimate to the tooHowever, | did not becaugavas
surprised to find that evemhenincluding Attempt 1, Mr. Mapper was reliable to ene
thousanth of an inchThere are future research opportunities to expand the participant
pool formore comprehensiw#ata collectionln the following section | summarize the

verbal feedback providdaly participants after completing all measurement attempts.

PARTICIPANT FEEDBACK

Participants felt positively about the measurement experience. Numerous users
commented oM r . M a ginmplkcity @rgl ease of use addition to the aesthetic design
bei hgnd a n Bveryoonemppreciabed the clicking soundhaf pin locking in
place each time. This sound was louder along the silver vertical plane, and participants
expressed thewishedthe clickwerelouder along the horizontal plane as well. The
sourd made them feel confident threlexing pinwas lockedn place Everyone
appreciated the grid lines on the reed table, as this made it easier to center the reed.
Clarinetistsremarked that Mr. Mapper wassier to use and appeared to be more
consistenthan other tools thelgadused in the past.

Placing the reedn the table and properly centering it was cited as the most
Astressful o or Adifficulto part of the who
It was difficult to center the tip andehlof the reedsimultaneously, and centering one
endat a tme sometimes caused the opposite end to drift from céitterplastic reed
appeared to drift more easily than a cane reed because of its slick deafdicgpants

expressed anxiety that incastencies mighhave beemue to their own errp@an
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insecuity more pronounced in the naeed playersThis could indeed be true, but my
thinking was that the average user of Mr. Mapper would likely be less attentive even than
these selected participant®lleagues who | knew strived to be conscientious and
detaled in their measurements because of their relationship to me and their desire to
produce accurate resul®herefore, | was not overly concerned with documenting things
that could be interpreteas humanerrovrhen | wanted to examine M
reliaklity to the average user with average error.

Whil e many of the participants®d suggest
alterations, hotedthata Frequently Asked Questions document would beflutsleo
include in product packaging whéfr. Mapperis awailable for commercial use. The
FAQ will also be on the product website. This will explain why the design features are
t he way they are. For exampl e, ilbckmlommeone
pl ace with alwilheuableteepglaih thatgosGuare clamp for the heel of

the reed would not allow users to measure reeds of all sizes, as the clampevingdd

incorrect sizdor anything other than#clarinet reeds.

CONCLUYON

It was a challengdesigningmeasurement and testing methodologies that would
betelling indicatorsof accuracy and reliabilitgacross commercial micrometers and Mr.
Mapper but | am confident the use of plastic reeds and an organized and thoraingh tes
process yielded trustworthgsults. This dissertation has provided context of the
commercial reed industry so that a discussion of single reed micrometers could be

accessible. Having outlined the many faults found in the handful of micrometers
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available in the U.S., it is clear aweool was needed to fill a gap in the market. After
going through many iterations, the precision gaMgeMapper was invented to address
this market needVir. Mapperhas been subjected to numerous tests to evaluate its
reliability and consistency acrossers, and the data prove that Mr. Mapper is the
superior single reed micrometsr i 97% measurement consistentypoking to the
future, now that Mr. Mapper has been invented, it is possible to carry out the original

resarch idea of analyzing the corteiscy of reeds across multiple brands.
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APPENDIX A: CONCERNING REEDS
REED PRODUCTION

There are no industtyide standards on how to manage cane growth or quality.
Given how sophisticated agricultural meteddr other plants have become, it is a shame
that none of these innovations have been applied to the reedmrart® donaxX While
commercial reed companies have individualized production processes in reed making, a
generalized approach can be summarizee.

Clarinet reed cane comes from #weindo donaxa plant which thrives in sunny,
moist climates as found in the Var region ofithern Francé.t is a warmtemperate or
subtropical species similar in appearance to bamboo, though not as hamdtiltato
countries surrounding the Mediterranean $eacommercial reed companies attempt to
grow around the wo&dd dpl asmutcaht iacsn D OIAd dAarrgent i
Good quality cane has been produced in North Africa, Kenya, South Amegga;dyl
Cuba, Texas, and Virginia as well, proving tAatindo donaxan thrive in a variety of
soils. This giant reed plant grovaller and thicker than most grasses, often achieving a
height of seven to eight metees seen in figuré. 1. It grows remagably fast in
favorable conditions, sometim@s3 t00.7 meters per weekin its first year of growth,

the hollow cane is red; ithe second year it turns green and grows leaves which encircle

5 Ben Armato Perfect a Reed...and Beyond: Reed Adjusting MetAdiley, NY: PerfectaReed,
1996), 23.

6Lawrence J. Intravaiand Robert S. Resni ck, fA Research St u
Cl ar i n e JourfikotResearah in Music Educatid@, no. 1 (Spng 1968): 45.

"Robert E. Perd®BeuricAr ofiddMuBorcax Reelcenomicnd | ndu:
Botany 12, no. 4 (October 1958): 369.
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the cane. These leaves trap moisture and contribthetare 6 s mar bl ed appear

after it has been harvestdtis does not affect the quality of the cane.

Figure7.1: Arundodonax
SourceSt ephani e Duer, AArundo Donax, 0 Garden \
November 29, 201%ttp://www.slcgardenwise.com/eplant.php?plantnum=2478T&nel4.

After two years or three years, the cane is cut during the winter and left to dry in
the sun for several monthg,vehich pintit is moved to warehouses where it dries for a
year or more. The exact harvest and drying time is a secret kept by individual farmers, as
they want to guard their production processes. Sun exposure and the drying process
removes the remaining greerauoso the aged cane appears yellow. Curiously, cane is
not harmed by rain. After the cane has cured,dut into tubs along the internodes of

the stalk. Theshortenedubes of caneknown asculms are then sorted by diameter
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which correspond to whaizereed will be made from each cufiiThe culms are split
into quarters, then given a preliminary cut to start a reed blank. Reed blanks are cut again
to define the reedbés vamp and make the fin
thickness)teree d wi | | be. Commerci al reeds are sol
term used to define how resistant a reed will feel to a player. Strength has to do with how
dense or hard a reed is and its thickn8s®ngths typically range from 2 to 5 with 2
being the least resistant and 5 being the most resistant. The average clarinetist might play
a 3 or 3.5 strength reed.

Examining the reed production of one specific company, Rico (later acquired by
D6Addar i dits pdductienmprodess in 2009 imeHdiw | t 6 RicoMa d e
R e e d s a°Ricdhaneess cane on the Mediterranean coast. After it is harvested in the
winter, the cane poles are dried for several months. In the summer, the poles are dried in
direct sunlight for 1218 days, then rotated the dher side to dry for another 82 days.
The poles are then stored in a warehouse before moving to the sawing department where
they areslicedinto tubes to remove the nodes.

The tubed cane is graded according to its diameter and wall thickmathen
sit into four pieces. The split pieces are planed flat and tapered at the sides ta create
reed blank. Optical lasers cut the reed blanks to specific dimensions to produce reeds of
all sizes. The blanks are inspected by a color video inspection dysten out cane

with color or quality flaws. Polishing discs flatten and smooth the backside of the reed

8Karen F. Schmi dt ScienteG\ewsd0, no.i2h (Decéniber hds 199): 393.

‘D6 Addaoroidowiwids, A HRiwe d t Rvedeo thdantified February 11, 2009,
accessed February 18, 20h&ps://www.youtube.com/watch?v=MwOUEsdpul0
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before it moves on to the final step of cutting the reed vamp. Natural diamond cutters
slice the reed vamp with extreme precision.

After the vamp Bs keen cut, the reédbardnesss tested. Based ahis, it is
sorted into categories with like strengtiibe finished reeds are laser engraved with the
company logo, inserted into individual plastic sleeves, and packaged in boxes of ten reeds
for final distribution.

Il n 2016, D6Addari o published an updated
processes after acquiring Rico in 208Zhe modifications were a response to customer
complaints about a lack of consistent quality across boxes reeds, andkpsesed
frustration at only being able to find one or two good reeds per box. MBsboAd dar i 006 s
reeds are grown in Hyeéres, France because of its ideal growing climate. It is sandy, moist,
and rarely sees frost. From first planting, it takes five torsgeas to see a crop yield of
high enough quality to use for single reed production.

After being harvested by hand and separated inteyeaeand tweyear old cane
bins, the poles are shucked of its leaves. Géueepoles are graded by hand and stored i
budl es. At the appropriate time, poles are
are sliced into multiple pieces longways and transformed into reeds via a digital vamping
system at the D6Addari o factor yeiteasyt@€al i f or
adjust the reed cut style and overall dimensions. Electronic sorting quickly sifts out reeds

that do not fit the specifications. Reed quality is play tested by individual players

V¥psAddari o VWodAdwiamd s0, s: Wiaftsrdanship for the 21st Centurgideo
last modified September 23, 2016, accessed February 24, 2019
https://www.youtube.com/watch?v=6Ula5HF806¢
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CANE QUALITY

Much like the quality of a wine, the quality thfe aganic materiaArundo donax
is subject to environmental factors such as climate, temperature, humidity, soil content,
sunlight, and more. Companies that produce reeds are at the mercy of these variables.
However, it is al sliytodatherdamewhkee ishHagagedan r e spon
appropriate amourdf time. Cane should be aged a minimum 0f®% months, and a
longer period is considered desirable, but oftentimes market demand encourages
manufacturers to harvest too early and use poor qualitg'¢ There is no point in the
consumer storing reeds to age it themselves because the aging prdeessnined
when the growers chose to harvest. If the cane was immature at the time of harvest,
additional storage will not hefjs.

As reeds deterioratueto use, so does their sound quality. Oftentimes reeds
become warped, a result of reeds living in a cycle of water absorption and drying. Like
any wooden compound, tikanechanges over time. To test if a reed has warped, set it on
a flat surface, prefrably a piece of glassdternating the index finger and middle finger
on the left and right rails of the reed, tap the sides of the reed along the vamp. If the reed
teeters, the reed is warped. Similarly, inspect the tip by holding the reed pardiéel to t
eyes with the tip facing the observer. If there are waves t he t,thp@ediscont our
warped. Polish the backside of the reed by rubbing it along the glass to attempt to remove
the warage One way to test the fit between the reed and mouthmdoeamove the

mouthpiece from the clarinet, place the mouthpiece tenon opening against a hand to seal

Uperdue, 0 A-SaurcedobMuBaaReads and Industrig@e | | u38a s e, 0
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the end, and inhale to vacuum seal the reed clagaihst the mouthpiecH the suction
does not hold for five or more seconds, this is evidence qfagg though it is not clear

if it is the result of the reed or mouthpiece being warped.

REED MYTHS

There are many myths about cane that have been perpetuated over the years.
Some people claim the only good quality cane comes from Franibatoane vith
flecks of color in the bark (mottle) $iaertain sound characteristics. These myths likely
come from professors and professional musicians who experience anecdotally a pattern
of good versus bad reeds which they attribute to some unscientific faetardrRg the
myth that all good cane comes from Frah@efable happily eternalized by companies
based in Franéeit is entirely false that good quality cane cannot be produced outside of
southern France. Botanists have proven on multiple occasioresjtiety ®und cane
has been produced along the Mediterraneara8éanMexico, South America, northern
Africa, California, and Texas

Many myths circulate about how the color of cane corresponds to its sound. There
is almost no way to determine the dtyabf cane by examining its color features.
Teachers of the past encouraged students to discard reeds that did not have a golden
yellow color. While properly aged cane generally does have a golden yellow color, cane
that doesotfit this criteria may als have dovely sound. The bark may be dark brown,
mottled, or yellowand still perform satisfactorilyMottled stains on the bark are caused

by rotting leaves that dried on the cane during the curing period. Botanists claim that the

Bperdue, AASonmdoeDohaMusical Ree®8 and I ndustr.i
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most important factors canequality area healthy plant structure aad even
distribution of thin, straight xylesd the inner vascular tissues in a p&mxtending to
the tip of the reed*

Anothermythi s t he beli ef that reeds from fAbacd
quality and thudid not require special storage considerations or additional adjustments.
It is entirely possible that the commercialized cane industry has progressed towards
putting out less and less quality product, but there have been no studies to J@Bdate t
claim. Indeed, it would be difficult to execute because reed quality is subjective and if
one were to compare brand new reeds bditiydyears ago to reeds produced this year, it
would not be a fair comparison becausefiitye-yearold reeds have baegingfive
decadesThe only wayto quantify reed quality over the years would be to assess it in the
year it is produced, and then compare the resultsthftgr years of yearly readings. It
seems the figrass 1 s g¢r eeinuestohaventradtiagnenthet her s
single reed world.

Theoretically, reeds shoufdel more consistent tpresent dagonsumers because
reedsare manufactured with staté-the-art laser technology arsbrted into increasingly
specific strength categories. It used ¢othat brands only carried strengths in 0.5
increments (2, 2.5, 3, 3.5, et cetera), but now laady reeds in 0.25 incremen275
or denoted as 2.5+, as an example). Suppose a player purchased a box of 3 strength reeds
from a brand that boxed in Oricrements. The reeds in this box could range anywhere

from 2.7, 2.8éto 3.2 or 3.3; tedireaboxazoulde bet

14 Armato, Perfect a Reed...and Beyond: Reed Adjusting Methvad
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be+0.3incrementsContrast that with modern production increments of 0.25 strengths.
That same box of 3 stmgth reeds might only varyyl*0.15increments
Some players believe if a reed requires any adjustment, it must just beesdbad r
This is false, as there is a lot of variatiorAirundo donaxhat can be adjusted quite
simplyto produce a pleasing re€kb begin with, commercially produced reeds often
require |light buffing over tteixteresthatendybbs s ur f
uncomfortabl e at t h escgsmheticyadjustinent, becapss reedOt her
xylems do not grow perfectlgtraight or evely across the surface of a reed, certain spots
might have denser cane than others. If the xglemtheleft side of a reed are denser
than the right side, a slight removal of material from the left side may make the reed feel
and play balaced even if the left side ends up being thinner than the right. Similarly, the
heart of a reed should have a parabsitiape of normal distribution from the center of the
reed. No reed has a perfectly symmetrical heart, and visual observation can ihtheate
heart of the reed is skewddearly every clarinetist has been told at some point to never
adjust the heart of @ed, and that is a good general principlée doe hear t 6s pr op
are not disturbebbutwh en t he heart 6s jgstnenadaronhakeiti s as ke
perform better. If a reed feels too hard overall, taking sandpaper over the width of the
reed wheré¢he lip makes contact can make it feel more responsive. Generally, if a reed
feels hardit is because the heart is too thick.
Anothermyth is that saliva drives reed deterioration. While itncarbe argued
thatsalivamust bedirtier than waterthereare no studies which track the rate of
deterioration a reed faces when wetted by salerauswater. Bacteria and enzymes in

salivadobr eak down tshbatitisaneleadts what gdgreenand how much
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quicker than water. This is difficulttotes becaus e

every

pl ayer os

different enzymerevalence, and so some players may experience swiftelacblieak

down intheir reeds than other players.

FACTORS AFFECTING REED PLAYABILITY

Aside from the quality of cane, there are varialiteat affect reed playability. A

player may have idiosyncrasies which influence the resonance, intonation, or sound

quality of a reedFor example, an embouchure that is too tight or pinched will produce a

thin sound and sharp intonation even on the teest, while an embouchure that is too

loose will produce a spread sound and flat intonation. The angle of the mouthpiece can

affectare d 6 s

soun

d, as a

cl oser

angl e

gener al l

dampening vibrations. Too wide an angle can peeda wild soundas there is too little

lip making contact with the reed to control vibrations. The mouthpiece itself may be

warpedwith warpage manifesting on the rails and facing (see fig@je
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Figure7.2: Anatomy of a mouthpiece.
Sourcefi Mout hpi eces
https://lvandoren.fr/fen/mouthpiecgschnicalelements/
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If any part of the facing is warped or uneven,ribed will not sit flush against the
mouthpiece and will therefore not play with a balanced sound. If a player finds that reeds
that are hardeon the right side seem to perform better, this could be because the
mouthpiece is misshapen in such a way thaquires an unbalanced reed to produce its
best tone.

The facing of a mouthpiece determines what strength reed should be used. In
general, ase facings require hardedsand open facings require soft reeds. If a player
has mismatched the strength leéir reeds and the length of their facing, they may never
be happy with the sound it produces ewdrile usinga perfectly adequate reed. In
ARhef ect a Reedéand Beyond, 0 Ben Armato sugg
selecting a mouthpiece:

Does the motpiece facing respond quickly to adjustments?

Does it produce a good legato?

Can staccato and articulation be executed with ease?

Does it have avide range of dynamics?

Is the sound and color even in all registers?

Does it feel comfortable to play?

How are the blending qualities?

Does the mouthpiece allow the embouchure to make pitch adjustiients?

= =4 -8 -8 _9_9_°2_2

The ligature may make a reed feel dull, stufffiyght, thin, or any other number of
characteristics. The | i gat uoténsouthipece withi on i
as little obstruction to reed vibration as possible. Ligatures that contact the reed in many
places may dampen vibrations. @e mouthpiece itself, manufacturers often scribe lines
on the sides to designate the optimal ligature phece. However, depending on the

length of the reed vamp, a ligature may need to be placed higher or lower to maximize

15 Armato, Perfect a Red...and Beyond: Reed Adjusting Mett&éd
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t he reedods W Futheanore,ithg clapnettiteelf, indluding the barrel and
bell, can alter how reeds respond. Understaydéie complex interaction between a
reed, mouthpiece, ligature, clarinet, and individual is enough to frustrate anyone seeking

the ideal setup fobeautiful tone production and response.

VARIABLES AFFECTING REED PERFORMANCE

Assuming a reed is of superiquality and perfectly balanced, the position of the
reed on the mouthpiece will alter its sound. Strive to center reeds on the mouthpiece first,
then tilt it off to the side if it is necessary to accommodate an unbalanced reed. A reed
thatislowerthah he out er edge of the mout hpiecebs
that is higher than the tip rail will feel more resistant. Strive tondhg reed tip with the
tip rail such that when a player pushes down lightly on the reed tip, it is flushheit
outer edge of the tip rail.

Reeds perform better if they are Abroke
straight out of the box wilbse life quickly, as the xylesare exposed to undue stress too
soon. Instead, establish a breaking in pseda which moisture and stress are introduced
in small, methodical i ncrements within a r
below). Intetwined with the break in process is attention to humidity control and
environmental factors. Reeds subjectitictuating humidity, air flow, water retention,
and playing environments will continue to feel unsettled and unpredictable. Stabilize the
r e emkrfoemance by adjusting to the local conditions. For example, if performing in a

desert climate, keep reedsmidified at lower than ideal conditions (3D%) so the
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difference between thiaternalcaseenvironmenfand external environment is not as

drasic.

ADJUSTING REEDS

When adjusng reeds, use 600 grit WetOrD8 sandpaper. This is easier to
control and manage than alternatives such as reed rush or a reed knife. Fold the sandpaper
into 1 x 1 inch squareshe added thickness gives the user morgrol while sanding
Wet the reed and wet the sandpaper befopé/aqy changes. Set the reed on a flat glass
surface and sand the desired locations.

A player can test a r eedOHRaytbsatheasedcom wi t h
an open G. Then ramthe mouthpiece to the left so that sound is being producéxt by t
right side of the reedRotate again with lip pressure on the right side of the reed so that
sound is being produced by the left side of the reed. These three positions should feel and
saund similar. If they do not, that means the sides are unbalddesdify which side
sounds too dull comped to the othersand sand that side to make both rails equally
light. Identify which side sounds stuffy compared to the others, and sand lightly
approximately 2 mm from the reed tip along the stuffy rail.

Visualinspection can be highly informative. Hold the reed up to a $ightce
and notice the contour of the xylenparticularlyhowthey arecongregateat the heart
of the reed. An ideal reedilhave a parabolic distribution of xylems at the heart, though
many reeds skew to one side. If xylems are concentrated on one side of the reed, it can be
beneficial to angle the reed off the mouthpiece slightly towards the softer side to make it

feel symmetrical, orto sand the side with dense xylems. Another tellirsgial cue is
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when certain xylems extend all the way to the tip, are thicker than those around it, or are
broken in the middle. These irregularities may be what praduwesirable sounds.

For a datadriven analysis of a reed, turn to a reed micrometen as Mr.
Mapper to obtain accurate measurements of reed thickness. Measure the center of the
reed and two positions to the left and right of center. Record the measurements and
identify postions that are not symmetrical. Using a soft lead pencil, mdit an the
reed of the section that needs to be sanded. Use 600 grit sandpaper to reduce thickness on
the desired |l ocation. When making adj ust me
avoid |l eaving divots in the insmeothdgrel surf ace.
proportional. Make small adjustments and play test between each scraping, as cane
cannot be added back on. Measure the target positions after scraping to judge how much
progres has been made and where to continue scraping. Do a few adjgsatnetime,

then revisit the reed the next day because it will change as it dries and rehydrates.

PROLONGING THE LIFE OF A REED

Reeds that have been brokerwill last longer and behaveore consistently
Purchase commercial reeds or make reeds fovatch.Remove the reeds from the box
andindividual sleeve. Buff all sides of the reed with 1000 grit sandpaper: vamp, back,
sides, and heel. This removes splinters and irregularitieg &dges. Wet one reed at a
time, soaking in water for one minutéay the reed for five minutes, then set it aside to
dry on a piece of glass or in a reed case before moving on to the next reed. Always store
reeds in a humiditgontrolled case to prevewarpage Rotate reeds to keep each one at

a consistent humidityral optimize their longevity. On the second rotation, soak each
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reed for one minute and play farl® minutes. On the third rotation, soak each reed for
30 seconds and play i1ZD minutes. Onhe fourth rotation, soak each reed for 15 seconds
and pay 20 30 minutes. Ideally, always rotate reeds inrBhute increments or less

Use water to wet reeds rather than the mouth, as water penetrates the reed quicker
and is cleaner than saliva. Caneadlulose and porous in nature. Like a sponge, it is not
readilyuseable before it has been soaked. To keep a reed hydrated, it should be played
regularly within a rotation and stored in a container which retains an optimal moisture
level of 60i 75% humidiy.'® Discard reeds that were played during iliness, as the bacteria
may still thrive in the cane, thus prolong

deterioration

Frost, OiReeds
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APPENDIX B: COMMERCIAL SINGLE REED MICROMETERS

To conduct this resedrcmultiple commercial reeahicrometersvere testedo
compare instrumerngonsistencyThe results were usedd¢atalogfeatures which would
make M. MapperandDr. Mapperthe most accurate and competitive tools on the market.
Thereare two commonly usedarinet micrometers available in the U.S.A.: Ben
Armat ob6s PerfectaReed and the Jeanne ReedG
similar product is Reexth) n S Digital Méasuring DeviceThe following information
is supplementarto the body of the dagnent. To be fairest to each manufacturer and
paint them in the most favorable light, | hameludedtheir own product descriptiorad

manualsso that the reader sees the source information and not just my own summary.

PERFECTAHREED VERSION 1

The PeréctaReed was invented by clarinetist Ben Armato in 1869ato
published a companion book in 1980 call ed
adjusting single reeds. In 199%&rmator evi sed and republished th
Reedé and Beils nceptionpmulliple PerfectaReeds have been released
with minor revisions. The two versions included in this document represent the widest
differences between versior@ompactand lightweight PerfectaReed Version 1
measures 3 %2 x 2 ¥ x 3 ¥4 inclaesl weighs approximately two pounf&easurements
are derivedrom a black reference bar which can be adjusted in two grooved tracks on
PARL Rotating the black bar allows the user to capture measurements in increments of 1

or 2 mm from the reed rails f@roove | and increments of 3 or 4 mm in Groovd He
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companypr ovi ded t he tool 6s nomencl ature in

7.3).

Figure7.3: PerfectaReed Version 1 nomenclature.
SourceBen Ar mato, fAPerfectaReed, 0 The Reed Wiz
This image is excerpted from the product paperwork iregid the packaging when the product was

purchased.

On the particular toalsed to conduct tests, the black bar is too thin for the back
track causing the bar to wobble in its position. As a residgsurements taken with the
bar in Groove | are inconsistent between measurements of the samehesémllowing
tables show onees of measurements with the bar in Groavg@dble7.1), and the second

shows measurements with the bar in Grooftelle7.2).
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Table7.1: PAR1 measurements in Groove |I.
PERFECTAREED VERSION 1
bar towards outside of device (Groove Il)

in thousandths of inches
Legere 4 25

Lip out, Lip in, Lip out, Lip in,
reed left | reed left |reed right|reed right

1 15 16 16 155

2 25 28 28 25

3 36 405 40 36

4 48 53 53 47

5 60 67 67 60

6 75 84 83 75

o 95 106 106 95

denotes differences of one
one-thousandth of an inch or more
These aredst measurements bégere4.25 in Groove lof PARH e monstrating th

Groove Il has 93% accuracy.
Table produced by Natalie Groom.

Measurements taken with the referemar in Groove Il demonstrate that PAR1 measures
accurately, as the symmetry of the plastied is consistent sige-side with only four

positions having a difference of cti@usandth of an inch.
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Table7.2: PAR1 measurements in Groove |.
PERFECTAREED VERSION 1
bar towards inside of device (Groove 1)

in thousandths of inches
Legere 4.25

Lip out, Lip in, Lip out, Lip in,
reed left | reed left | reed right | reed right

1 12 15 15 12

2 21 24 25 22

3 30 35 35 30

4 39 46 46 40

5 49 58 58 49

6 60 72 71 61

7 75 90 89 74

denotes differences of one one-thousandth of
an inch or more

*these errors are a result of the black bar not fitting
tightly in Groove |, causing the bar to wobble.

These aredst measurements bégere4.25 in Groove | of PAR1 demonstratimgonsistencies as the
result of doose reference baGroove | has 50% accuracy.
Table produced by Natalie Groom.

By contrast, measurements from Groove | are highly inconsistéh 14 positions

having a difference of oAlousandth of an inch. These errors are the result of Groove |

being too loose for the reference bar, causing the bar to wobble in its track.
Thefollowing is a product description and instruction pampptevided by the

companyin theoriginal packaging of PAR1. From its invention year of 1969, this tool

and document is no longer available for purchase or viewing thiblgiReed Wizard.

RJ MusicGroup holds the patent and manufactures PerfectaRbecconpany

discontinued production of PARL1 years agowever, many individuals still own this

early version, and it can be found through seedaauad online vendors such as Ebay.
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WILLIAM R. HULL
le-31-69

PerfectaReed

by Ben Armato

©gen Armato — 1969

REED
ADJUSTING
INSTRUMENT
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PerfectaReed

REED
ADJUSTING
INSTRUMENT

PERFECTA-REED enables both the
skilled and unskilled musician quickly to
adjust reeds to vibrate and play freely.

PERFECTA-REED, for the first time,
eliminates human “‘feel"’.

PERFECTA-REED is a precision
instrument that accurately measures the

thickness of all single reeds to determine

any unbalance. When the higher side of
the reed is scraped down to correspond in
thickness with the lower side, the reed
becomes balanced and playable.

PERFECTA-REED uses a precision
dial indicator, a movable black reference
bar, and a base with numbered scribed
lines to allow different areas of the reed
to be measured and compared.

PERFECTA-REED enables the user to
reproduce reeds to identical dimensions.

Be sure to thoroughly read the follow-
ing simple procedures to produce not only
better sounding reeds but also increase
their service life.



PREPARATIONS

Before one uses PREFECTA-REED,
there are certain preparatory steps that
are important in making good sounding
reeds.

1. Use cane reeds that are golden-
colored with a fine, even, close grain and
specks of brown in the bark. The grain
and fibers should be straight and parallel.

2. Check butt end of reed making sure
that its sides are even. Eliminate reeds
with uneven butts and thin butts since

they produce a false and uneven sound.

=) = —
GOOD UNEVEN THIN

3. Place reed side perpendicular to
wood file (bastard file) and view against
the light to see that reed touches file
evenly to check for a concave or a belly,
which usually produce a false, uneven
sound. If reed doesn’t touch file evenly,
stroke back and forth lightly until reed
side makes even contact to file. Repeat
for opposite side.

3als

oo o0
m<>»02Zon

4. Round corners of reed with emery
board to prevent chipping.

5. Having taken these steps to obtain
several trial reeds, try producing a sound
on the clarinet or saxophone using the
selected reeds while still dry. Choose

2
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at ngOHd to save time a
at !

those reeds th peri”wr-.tation

energy. Save others fordex

‘ i i t soundas.

to achieve differen . ¢
6. Using a sharp knife, cut away ba

nk of these reeds to measure

sha
from the of reed.

31 or 32 millimeters from tip .
This should correspond with the measyre

window opening of your mOUthp'ecf”‘

Reeds being less than 32 millimeters will

be sharp and more than 32 millimetfers

will tend to be flat. Most reeds as supplied

by manufacturers are made to measure 13
millimeters across tip of reed and 10

millimeters at bottom shank of reed. This
tapered shape keeps the sound from
spreading, supports the pitch, and keeps
the reed from sounding light and thin.

7. Reeds often do not have flat bot-
toms and should be sanded until flat and
even using 600 3M WETORDRY TRI-
M-ITE paper. About 20 strokes is usually
sufficient. Next, this process is repeated
on a non-abrasive surface capable of pol-
ishing and sealing the pores of the cane. A
satisfactory surface is paper or newsprint.
Both operations should be carried out
preferably on plate glass or other flat
surface.

8. Reeds should now be placed in
about two inches of lukewarm water and
allowed to soak for about one minute.
This is preferable to mouth wetting for
the reeds’ first exposure to moisture.
Saliva contains some acids which acceler-
ate deterioration of the fibers, Remove
the soaked reeds, place on a flat surface,
and rub lightly with finger until reed is
almost dry. Now, reed is ready to be

measured and scraped using P -
i 9 PERFECTA
3



PerfectaReeq

OPERATING
INSTRUCTIONS

The operation of PERFECTA-REED is
_quick. Examine
familiarize yourself
ctions.

Very simple apg
PERFECTA-REED to

with its operating fun

:(::jt Lrlest;d i(t)r any old reed that yoy favored
s 45 a model for dimensionin
_reeds. PERFECTA-REED mak it
pos;:ble to duplicate jts measurement:S $
_ . Place'black bar with “A” side .fac-
INg sensor in groove |. Take one of th
reeds you have Prepared and place reed os
the base.wnth its bottom side down and its
side against the A’ side of the black bar
mgkmg sure it bears against the side A"’
Lift sensor by pushi .

record number on paper. Slide reed to line
2, take reading and record measurement.
Continue this procedure for each of lines
3 to 8. Lift sensor and remove reed from
base. Reverse reed 180° and place back
on base making sure you use lifting lever
(to avoid damaging reed tip) before push-
ing reed to the opposite line 1. Now
measure and record the reed thickness
along the opposite side following the
previous procedure. When these steps have
been completed, remove the reed from
the base. Compare the recorded numbers
and scrape down the higher side the
necessary amount to match the lower
side. If necessary, repeat measurements
and scraping until reed thif:knes is uni-
form to within approxlmatgly qnz
thousandth of an inch or until desire
sound is obtained. (The reed is now e;":t'
one millimeter in from each S‘lde an
eight reference points on each side.)

insert in
. Reverse black ba’l: and r.emse’.

grogve | so that side “B facos sensorand

repeat the entire prqcedure." bipigot

letding s?ﬂ?g:e"g Clo from side of
ee mi

::3 af:e;:;t the same procedure with the

: in groove Il. MR el

mdb'ac'l( baarre'Zbg;inod at two Tlll'l'mot;:;l""

f mm edge and with side “B" readif¥’
ro i v :

5 e
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are obtained at four millimeters in from
the edge.

D. For Saxophone and Bass Clarinet
reeds the same procedure is followed with
the exception that to obtain the one-
millimeter reading the reference bar is not
used; place reed against Rail “’C"’.

E. After reed adjusting steps are com-
pleted, thoroughly wet reed and rub
lightly dry with your finger on a level
surface. Place reed on your mouthpiece
and enjoy the flexibility, resistance and
sound of playing a PERFECTA-REED
adjusted reed.

CHANGING QUALITY OF SOUND

More depth of sound and clarity can be
achieved by carefully scraping the right
tip of reed about 1/16 of an inch back
from tip of reed.

If high notes don’t sound free and
vibrant, scrape left tip about 1/8 of an
inch from tip of reed.

If the sound is thin and light, clip reed.

If the reed sounds heavy, scrape reed
1/2 inch back from center (heart) of reed
towards tip, or save for use during winter
months. The bottoms of thick reeds can
also be sanded on 3M 600 paper until
desired strength and quality is produced.

Experiment with your reeds by making
them heavier on one side or the other to
give you the sound you desire. Many
artists prefer reeds heavier on one side
because of idiosyncrasies of their embou-
chure or mouthpiece.

6
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TIPS ON cARE of REEDS

Reeds sho
after

ree?s”oov\;d more time for wetting older
. €r reeds take longer for saliva to

‘ ( , sealing, and
dirt, clogging the pores, ; :

Vvait at least g day before making final
zgéiztgﬁgszst;oth;ezds. .New reeds .often
theee o o ensity an.d swelling of

. ange sometimes may be
as much as three thousandths of an inch.

Use of a plastic bag for storing your
mouthpiece with the reed on is highly
recommended. The plastic bag slows the
process of the reed drying out too
quickly, which can cause warpage.

Reed cane improves with age. Periodic-
ally buy reeds and store for use years
from now. Be sure to record date of
purchase.

As your reed gets older, occasionally
scrape back of reed with a celluloid or
plastic card to remove saliva and dirt that
has accumulated there. Do this while reed
is wet. Keeping the back of the reed clean
not only helps in sustaining its life but
also keeps the reed vibrant.

Recommended Equipment—

glass plaque

bastard file

No. 2 file — needle and pillor

dutch rush !
3M 600 Wetordry Tri-M-ite sandpaper
emery board !
millimeter ruler {

reed knife — or any scraping device
reed clipper

Ardsiey. N.Y.
by Ben Armato 10502
g Pat. Pending
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WILLIAM R. HULL
(0-31-¢9
Box 594

Ardsley. N Y.
10502

Your PerfectaReed comes with detailed
instructions.

A quicker method one can use with
PerfectaReed is:

1. Select any reed (pref-
erably hard).

2. Wet and try playing.

3. Scrape reed lightly
from back of reed
(shaded area) towards
tip as shown in dia-

desired

Figure7.4: Instruction manual included in the packagof PerfectaReed Version 1.
SourceBen Ar mat o, fdle&eell Wizatda Reed, 0
This brochure was included in the product packaging.
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PERFECTAREED VERSION 2

Small and easilportable, the PerfectaReed Version 2 measures 3% X 3 Y2 X 4 Y4
inches and weghs approximately two poundBetween Version 1 angl there must have
been another iteratidvecause an intermediary model was discovered through the Ebay
marketplace, pictured kv in figure7.5. Howeverijt is not available for sale biyhe
Reed Wizardandmost images of the transitionary models have been scrubbed from the

internet. No product details are available.

Figure7.5: PerfectaReed, a model between Version 1\é&dion 2.

Sourcei Reed Wi zard Perfect aRNew®ldRe k d 0 AH madfiddi h g
October 25, 2019, accessed November 2, 20tt8s://www.ebay.com/itm/REEWIZ ARD-
PERFECTAREEBREED-ADJUSTING-DEVICE-NEW-OLD-
STOCK/174024336003?hash=item2884a8a283:g:jlwAAOSwW7PNddWsE

The most current version of PAR2 is sold by RJ Music Group, The Réeard, and

other retailers.

109


https://www.ebay.com/itm/REED-WIZARD-PERFECTAREED-REED-ADJUSTING-DEVICE-NEW-OLD-STOCK/174024336003?hash=item2884a8a283:g:jlwAAOSw7PNddWsE
https://www.ebay.com/itm/REED-WIZARD-PERFECTAREED-REED-ADJUSTING-DEVICE-NEW-OLD-STOCK/174024336003?hash=item2884a8a283:g:jlwAAOSw7PNddWsE
https://www.ebay.com/itm/REED-WIZARD-PERFECTAREED-REED-ADJUSTING-DEVICE-NEW-OLD-STOCK/174024336003?hash=item2884a8a283:g:jlwAAOSw7PNddWsE

PAR2has beetested for i reliability and rpeatability by measuring the same
Légered.25 reed twiceAt each numbered position, the reedisipligned to the furthest
outer edge of the guide line so that the reeddippietely overlapthe guide line.

Positions A through Breused to measure hpontally across the reed, and every vertical
measuremerit taken fronthe reedip to the end of the vampn the first readingno
effortis madeto press the reed down or in towards the riggerevenit from drifting,

and the following results arecorded.

Table7.3: First test reading dfégére4.25 using PAR2

PERFECTAREED VERSION 2

Test Measurement 1

in thousandths of inches

order of measurement: tip to heel

Legere 4.25

red denotes mismatch between the left side and right

side of Test Measurement 1

RIGHT
A B C D E
1 10 10 10 11.5 11.5
2100 % 20 22 23 23
3 26 31 35 37 38
4 365 42 48 52 53
5 47 55 63 68 70
6 59 72 80 88 92
71072 90.5 104 113 119
LEFT
A B C D E

1 8 10 10 11 11
2 16 195 215 225 24
325 31 35 38 38
4 35 425 48 53 54
5 455 555 63 69 72
6 585 71 80.5 88 92
7, 11 91 103 114 120

This demonstragsan inability to achieve identical results on opposite sides of the reed.
Table produced by Natalie Groom.
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Red cells denote positions which differ in eheusandth oén inch or more between the
leftandrightsidel t i s evi dent t hat HonsostproblematicA al ong
So close to the edge of the reed, the diadligesarounda nd s omet i mes of f t
surfaceLégerereeds have a slick surfacdieh contributes to the dial tip slidingut the

problem persists with cane reeds as Wiéile seconanost problematic arease

PositionsD and E. This makes sense becaussetitwo positionsre closest to the center

of aBa clarinet reedHere,theway he angl ed di al ti peimpproach

most unstabl e b eisseepest. Refente figure 24dad & descriptiop of
how steeper angles increase cosine ekMeasurements appear to stabilize in Positions B
and C. Far enoughhdm the reed for the dial tip not to slip andl §tefore the crest of the
reed, these positions produce the most consistent measurements.

To combat the issue of the angled dial tip pushing the reed away, in the second
measurement of the same reeid ineasured with the user actively pushing the reed

down and towards the ridge. Tfalowing resultsdemonstraténcreased consistency.
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Table7.4: Second test reading @#gered.25 using PAR2

PERFECTAREED VERSION 2

Test Measurement 2

in thousandths of inches

order of measurement: tip to heel

Legere 4.25

red denotes mismatch between the left side and

right side of Test Measurement 2

RIGHT
A B C D E
1 9 10 10 11 11
21 AT 20 21 23 23
3 26 31 35 38 38
4 36 425 48 52 53.5
5 47 555 63 68 70
6 60 71 81 88 90
7| 25 90 103 1135 | 118.5
LEFT
A B C D E

1 85 10 10 11 11
2 165 195 22 235 235
3 26 31 34 37 38
4 355 43 48 52 53
5 47 56 64 68 70.5
6 59 71 81 88 91.5
7 73 91 103.5 115 119

Thisdemonstragsincreased consistency if the ugpeishes the reed down and in toward the ridge.
Table produced by Natalie Groom.

Contrast this with column A of Test Measuremefiable 7.3) This handlingadjustment
greatly increasereliability. Curiously, Position @s less consistenB7 and D7remain
variable, though this is unsurprisirag these positions are at the transition point between

the end of the vamp and the bark.
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inconsistencies betwa Test Measurement 1 and Testaglerement 2. The point of this

Using the same tables shown above, the following images demonstrate

side-by-side comparisors to highlight the fact that it is difficult to achiegensistent

results even when the same user is measuring the same reed conseitii\aaly

identical measuringnethodology.

Table7.5 Compari®n between two measurements of the saudgere4.25 reed.

PERFECTAREED VERSION 2 PERFECTAREED VERSION 2

Test Measurement 1 Test Measurement 2

in thousandths of inches

order of measurement: tip to heel

Legere 4.25

red denotes mismatch between Test Measurement 1

and 2

RIGHT RIGHT
A B C D E B C D E
1 10 10 10 11.5 115 9 10 10 11 11
2 1 20 22 23 23 17 20 21 23 23
3| 26 31 35 37 38 26 31 35 38 38
4 365 42 48 52 53 36 425 48 52 53.5
5 47 55 63 68 70 47 555 63 68 70
6| 59 72 80 88 92 60 71 81 88 90
7| 72 90.5 104 113 119 72.5 90 103 1135 1185
EED EEET
A B C D E A B C D E

1 8 10 10 11 11 85 10 10 11 11
21 16 195 215 225 24 16.5 19.5 22 235 235
3 25 31 35 38 38 26 31 34 37 38
4 35 425 48 53 54 355 43 48 52 53
5 455 55.5 63 69 72 47 56 64 68 70.5
6 585 7 80.5 88 92 59 7 81 88 915
7 91 103 114 120 73 91 103.5 115 119

Table produced by Natalie Groom.

The right sidaneasures more similarly than the left, though it is not clear Réshaps it

is becausé the useramright handedSome of these inconsisteies could be du my
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own human errorHowever, this strengthens tbasethat a reed micrometer should
eliminate opportunities faheseerrors.

The following images are provided by The Reed Wizard on its website and
mailed product instructions, ancetbroduct description is quoted directly from The Reed

Wi zardbdés website.

PerfectaReed

Takes the guess work
out of reed adjusting!

The PerfectaReed is a user
friendly precision instrument
designed to measure all single
reeds. This ingenious device
accurately identifies imbalances
in commercially made reeds,
enabling the user to manually
adjust reeds to individual
specifications or to precisely copy
a model reed.

GENERAL INSTRUCTIONS PerfectaReed

Examine the PerfectaReed to familiarize
yourself with the instrument.

Dial indicators are sensitive to
atmospheric conditions that can cause

the pointer to move from either side of PfECl S IO n

zero. To adjust the pointer, loosen the

dial screw and rotate the frame until Reed

the “zero” on the dial face lines up with

the pointer, then tighten the dial screw. 1
Each line on the dial face represents M eas u rl n g
Instrument

one thousandth of an inch.

Numbers 1-8 on the lower base are
evenly spaced on either side of the
sensor, to measure along the length of
the reed. Letters A-F on the upper
base are eyenly spaced to measure readwizard.com
across the width of the reed. rjmusicgroup.com

ph: 410.798.8251
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Figure7.6: PerfectaReed Version 2 Instruction Manual.
SourceiPer f ect aReed, 06 The Reed Wi zard, accessed Noveml
http://www.reedwizard.com/PerfectaReed%20Insert.pdf
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