Where the Action Is

by Graig Spolek

| ’Abuut tharty-five years ago, your
editor purchased hs first fly rod.
(It was a mine-fool, three-prece
- model of Tonkin cane, manufac-
tured by Horrocks-1bbotson, re-
| plete waith beautiful red wind-
= mes. Profits from a newspaper
route supplied the capital for the pur-
chase, and after the sum of frve dollars
and nminety-ftoe cents had changed hands,
the clerk advised that ves, the rod surewas
a beauty and that it had great action. We
had read abouwt action i the sporting
pertodicals of the day, but we weren’t sure
what the term veally meant. From a pe-
rusal of these erudite journals, however,
it was certanly clear that it was impor-
tant to have a rod possessing good action.
Now, according to our local sporting

goods clerk, at last we had one! More than
three decades (and a few rods) later, we're
still not sure what the tevm action really
means when it s used to describe a physi-
cal or mechanical property of a fly rod.
Furthermore, I'm sure that theve ave
many anglers out therve who are in the
same boal. Action has been, and still 15, a
very nebulous deseniptor. Laike the wealh-
er, anglers talk about i, but nobody has
ever done anything about it—that is,
offered us a precise definition of the term
or developed a scheme whereby one can
accurately quantify the physical me-
chanical properties of a fly rod. Enter
Graig Spolek, assocrale professor of
mechanical engineering at Portland
State Unaversity. Thanks to Spolek’s
expertise in the application of differen-
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tral equations to mechanical systems and
same novel computer modeling tech-
nigues, a rathey straieghtforward method
has been developed to quantify the
mechanical behavior of a fly rod. But
we'll let Spolek tell you all abowut it in a
two-part series on thas topie, which fol-
lows. Part I defines terms and describes
the method he developed for accurately
quantifying a [ly rod’s casting character-
isties. In Part 11, with his rating scheme
firmly mn place, he quantitatively com-
pares the mechanical charactervistics of
mineteenth-century fly rods with those of
the twentieth century. Professor Spolek’s
work in this area 1s of landmark stature.
He has broken new ground in a earden
whose soul has lan fallow for years. Owr
hat 1s off to him.

Schematic of the set-up employed by
Ciraig Spolek for computer digitization of
the deflection of a rod under a grven load
(F). T his 1s the first step in the computer
modeling process.
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Power and Action

1'he words conjure up images of sleek.
streambimed racing-machines noisily
careening around corners at hreakneck
speed. Powery and action. T hese and sim-
Hlar words have been routinely used for
vears by anglers and anglhing writers 1o
describe the mechanical behavior of fly
rods. ! But what do these terms really
means For example, action has been used
1o describe both the static curve ol a rod
deflected under a load (e.e., bent when
plaving a hsh) and the dynamics of a
rod’s casting speed (e, fast or slow
action). Furthermore, I'm sure we've all
hefted a high-quality cane or graphie
rod, wigeled 1t back and forth, and
remarked to our spouse, ishie friend, o
anvone within earshot, what wonderful
action so-and-so rod has—and boy, what
terrihic power! Both terms are imprecise
when used i descrbimg the mechanes ol
a tly rod. T hey have absolutely no quan-
titative basis and are generally used in
very subjective, unscientfic fashion—
olttimes enshrouded in a blanket ol very
dense fog, So how can we accuratelv des-
cribe the mechanical behavior ol a [y
rodz Anglers apparently do want 1o
quantily, for a partacular rod, deflection
o load and casting speed. Speaking from
a4 mechamical engineer’s pomt ol view,
this can be most easily done by lorgetting
about the luzev words (power and action)
and using the terms stiffness and fre-
guency. I hese terms are used by engi-
neers because they have precise meanings
and are directly related to mathematical

cquations. Ivas the ment of this paper 1o
explam o fly casters how stiffrness and
fl'r'q!u'ru YV Cal he used aprior: 1o el cdict a
rod’s casting performance. Althoueh
these terms do not evoke as sensational
imagery as power and action, they are, as
we shall see, much more uselul.

Stirlirness

We mtmnvely think ol the stulfness ol
spring as some measure of how hard we
need to pull on the ends of the spring to
produce a certiun amount of dellection.
['he [y rod acts m the same wav as a
spring when i resists the line pull due o
the thight of a lish (or when our line gets
snageed i a wee): the greater the pull, the
greater the dellection of the tip. T he sulf-
ness ol either the [y rod or spring 1s juse
the pull or [orce required to produce a
given deflection. The detlection ol a rod
15 necessary 1o absorb the shock put on a
lecader by a lunging hish, and the rod
absorbs that energy so that the leader does
not break. But the lorce causing the
deflection {ft*[:t'mlri on the size ol the fish
and the angler's urgency in tarnimg that
Lish belore other impediments—such as
snags or fast water—enter the picture. So
(h we visualize the rod acting as a spring
that ads us mm landing a hsh., then its
stiliness becomes a measure ol that
perlormance.

We must be carelul how Lar we carry the
spring analogy, however, because there
are major dillerences between the behav-
1or ol a rod and a spring. T he birst dilfer-
ence s that the rod bends while the spring

stretches. ['he bent rod demonstrates the
beauty ol a smooth curve, enhancing the
beauty ol the rod usell. T he shape of thar
curve, the curve ol the dellected rod, has
become one of the stegnatures ol a rogd's
design. We have all heard comparisons ol
parabolic actions and tup actions, per-
llil[m not recognizing that the rod curva-
tare was bemg desenibed. More precisely,
the stiflness of the rod 1s bemmg delined.
Or, even more precisely, it delines the
vartation ol the stilfness from the butt to
the tip, the “suflness prolile” as idenu-
led by Don Phillips.? So when authors
use action as a rod characteristic, thes
mean the same thing as stiffriess profile, a
more techmeal term that shows up as the
rodd curvature during a static load.,

| he other major diflerence between
spring stifiness and [y rod stiliness is that
while the sullness of a spring remains
comstant, no matter how much dellection
has occurred, the suliness of afly rod does
not remain constant. his fact seems o
be unknown o or ignored by rod manu-
tacturers. T lor purposes of design, the {1y
rod 1s treated as a canttlever beam, which
1s nothing more than arod held at s but
with a load on us up, then there are sim-
ple equations that can be used 10 caleu-
late the relanonship of rod stiffness and
curvature. Garnison and Carmichael cre
these equations lor determining the
dimensions ol bamboo rods, but these
eqquations were ongmally developed for
beams of steel and concrete, 1tems that
don’t detlect much and aren’t supposed
to. 1T hese equations are not valid for flex-

Rod deflection exemprlified. T he angler 1

Ted Jones, a friemd of the author.
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thle beams, especially tor those that have
tip dellections more than 25 percent ol
thenr length! O course all hishing rods
fall imto thas category, so the equations
really shouldn’t be used. Why? Simply
because these equations indicate the
springhike behavior ol rods with a con-
stant stifiness, but the stiflness of actual
rods increases dramatically as they
bent more and more,

In order 1o test the stiemihicance of this
eliect, a laboratory test was carried out 1o
accurately measure a rod’s dellecuon and
s curvature. A rod was clamped honzon-
tally by us butt and a weight was hung
from the tnp. The rod's curvature was
scanned automatically by a compute:
that then calculated the sutiness, which
was defimed as the weight of the load
divided by the vertcal np dellection,
When hight loads were suspended [rom
the rod tip, the measured rod stitiness was

Al L

reasonably close o that predicted by the

Alorementioned simple equations. How-
ever, the rod's sufiness was lound to
increase by afactor ol seven or erght when
the rod was heavily loaded. The sunple
ecquations mtroduce sigmilicant error.
['he laboratory test was perlormed 1o
demonstrate the inaccuracy introdoced
by the constant stifiness equations and to
test the capacity of a new set ol equations
that were derived specilically to predict
the dellection and curvature ol a heavily
loaded rod. T he new equations are some-
what complex, and a computer must be
used 1o solve them (the details of the
l’1|ll;llilll}ﬁ and thetr solutions are |th*

Lished i saentulic hiteratare). The large
deflections predicted by these mathemati-
cal eqquanions were accurate when com-
pared to those measured for actual rods.
Hence, the mathematical model of a rod
was used with conhidence to test the ellect
ol varving design features of rods. Each
design feature was changed imdepen-
dently ol all others, and the effect of that
change on the rod's sttiness was deter-
muned. The results of these computer-
gencrated rod desiegns were immteresting
and not always obvious.

One ol the markeung leatures of amy
rod as 1ts length, Length has a proflound
cliect on rod stiliness, As one would
expect, shorter rods are stiller than longer
rods. .H]}t'(l“t.l”'s'. the stifiness varies
iversely with the length squared. So i
rod that s hall as long as another will be
[our tnmes as sl

Another rod feature that 1s verv impon-
tant torod designers, but often 1gnored by
the rod buver, 15 the diameter of the rod.
Since all rods are tapered, we must be
more specilic about where we measure
the rod’s diameter. For purposes ol coms-
parison, let's separate diameter elfects
[rom taper ellects, For instance, considen
the butt diameter to be a convenient meas-
sure ol the typical rod diameter. Therod's
stillness varnes dramatically with changes
in the diameter, even more dramatically
than length ellects. Agaim, from deduc-
Hon, weexpect that the rod with asmalles
dhiamaoter will be less sull, What we maghi
not expect 1s that the stfiness varies with
the diameter raised to the fourth power.

Rodioibration r.w*m!}hhr*rl’. T he author s

fIv-fishine on a stream in Scotland.
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a rod with hall the
iameter of another will be one-sixteenth
as still,

Once we wdentily the importance ol
diameter on stliness, we logically con-
clude that the rod Lapat will also niglllli-
cantly mmpact on the stiffness. That,
indeed, 1s the case. For uniform tapers,

| s means that

where the rate ol diameter decrease from
the butt to the tip 18 constant, we can
quantily the taper as the rato ol the up
diameter to the butt diameter. As this
ratio mcreases, the suliness mcoreases, Foa
example, if the taper ratio s increased
lrom one-tenth o two-tenths with the
same butt diameter, then the stiliness
mcreases by a factor ol two to one, The
exact amount ol this stiffness mcorease 1s
valid only for the example cited, but one
can get an dea of the importance of this
design [actor. It must also be recoegnized
that the stiliness elfects will differ for
tnTIl[Jquld LA TS,

T he hinal lactor atfecting rod stiffness
1s the inherent suliness of the material
Lhat composes the rod. In our expertence,
we have come LO eX et ditlerences in butd
chiameter and taper for rods of about the
same length and suliness when they are
constructed ol bamboo, liberglass, or
graphie. 1T he manulacturers vary those
design leatures to achieve the desired per-
lormance, part ol which i1s the stuliness.

'l‘ht"!. do so 1o compensate lor the mate-

ral stliness, which s 1ts modulus of elas-
tcty and s olten relerred to stmply as the
modulus, For example, since the modu-
lus of graphite s much Larger than that of
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1. Geometry - Tapered Cantilever Beam

1

Length

Force

= Tip Deflection

2. Simple Linear Equations
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E = Modulus of Elasticity (constant)
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Moment of Inertia at distance x

3. Nonlinear Equations
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4. Results
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Some deforntions and the differential
eapuations that describe both the limear
8 and nonlmear models (see text)
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[iberglass, the diameter of the graphie
rod 1s reduced proportionately to pro-
duce the same stllness [or the two rods.
T he stillness of rods vanes hinearly with
the modulus, soarodwith a material that
has twice the modulus of another will be
just twice as snll

We can now summantze that a given
rod’s stiliness will depend on as length,
butt diameter, taper, and material, Spe-
ctlically, the stullness ol a rod depends on
the variables discussed according 1o the
relationship:
(Modulus) (Diameter)!

L.eneth?

We can now also conclude that a rod’s
stillness will not remain constant but
will mcrease signihicantlv as 11 bends
more and more. Thus, when we oy o
anticipate how a rod will bend when
turnime a heavy hish, we are able to com-
pare two dilferent rod designs.

Frequency

We must do more than reel i lunker
trout; we must also make pimpoimnt casts
with delicate [hes 1o entice them. Fly-
casting 1s a dvnamic acuvity, highting a
[ish is a more-or-less static activity, A
rod’'s dynamic behavior s characterzed
by its Irequency, or the speed at which it
naturally vibrates.

All mechanical devices vibrate; the
speed at which they vibrate is called the
natural hrequency. When the mechanical
device 1s pushed back and lorth at a lre-
quency near its natural hrequency, the
device resonates and shakes wildly. For
example, when we dnive the old car with
worn-out shocks over a washboard road
At qust the wrong speed, the car stars
bouncing around hke crazy. I we go a
litle Taster or a hittle slower, there's no
problem. In between we sirike the reso-
nance of the cu's suspension with the
frequency of the bumps m the washboard
rovacl.

Fly rods, beinge mechanical deviees,
also vibrate with a natural requency.
Actually, a fly rod can vibrate at very
many natural requencies, or harmonics,
but we only need 1o concern ourselves
with the lowest natural frequency be-
cause that s the one that controls the
so-called casting action. T he casting
maotion secks to strike resonance within
the rod. During a lorward cast, the rod 1s

loaded by both the weight of the line and
the weight of the rod we are uving 1o
accelerate. When the lorward casting
stroke 1s halted, the rod continues to
move lorward, 1ts speed mcreasing until
it strarghtens out, When it is straight,
both the rod and the line being cast have
their maximum speed. Since line speed
controls the cast, this poimnt ol maximum

specd 1s very important an predicting

casting performance,

T he hine speed during casting depends
on the natural requency ol the rod, all
other factors bemg equal. A rod with a
higher natural frequency will deliver
greater hine speed than one with a lower
natural requency. T his has been known
o [y casters for a long time, [or they
developed deseriptions of [y rod natural
lrequency: A fast actton means high nat-
ural requency, a slow action mean low
natural lrequenceyv. We can begin to
understand how these terms cause confu-
ston though. Action was used by Janes
and Enegcrbretson 1o imdicate rod sull-
ness; Engerbretson uses feel to desceribe
freqquency. Garrison and Carmiuchael use
wave linear action for requency.,!

Freqguency 1s a much more uselul term
[or describing a [y rod's casting charac-
teristics, because 1t can be quantified. I
can be measured expermmentally or it can
be predicted by mathematical equations.
We have done both and discovered that
the mathematcal prediction was quite
accurate, Once convinced ol the valhidiy
ol the mathematical equations, we again
tested the various design features to deter-
mine their relative effects on frequency.
Rather than presenting those specihic
Lindings below, the results will be gener-
alized.

A rod's requency depends on two fac-
tors: 1ts stifiness and its werght (more cor-
rectly, the amount of mass and s distri-
bution). 1The lrequency ol arod mcoreases
as 11s stiffness imcreases, So those factors
discussed previoasly (length, diameter,
taper, and material) that increase the sall-
ness will marease the requency, 1if they
have no elfect on the rod weight, Ob-
viously, they all do allect the werght. T he
amount of matertal and uits distribution
i the rod are determined by rod length,
diameter, and taper. The density of the
material alfects the weight. Because ol
these mteractions, a rod’s stilfness and
[requency are not totally independent,

but some design changes allect one more
than the other. As a result, one cannot
predict the frequency lrom the stifiness on
vice versa. [t would be possible, by prop-
erly adjusting the design variables, to
produce two rods with exactly the same
stiffness having different [requencies.
Conversely, two rods with the same fre-
quency could display different deflection
under the same load.

T hus, we conclude that two separate
quantities, stiffness and frequency, must
be known for a given rod, 1o anticipate
how 1t will perform in the held. These
two propertes embody the concepts used
by previous writers when describing fly
rod actions but have the advantage in that
both have precise meanings. They can be
measured or predicted for each and every
rod. 1 values lor suliness and requency
were specilied for avanlable rods, soon we
would leel as comlortable in using them
as we are now im comparme rods lor #5 on
#7 Lines, or contrasting slow, medium, o
Last actions. T hemamnm dilference inusing
stiffress and frequency as Hy rod descrip-
tors, i place ol power and action, 1s that
we would all beusimg common language.

In order 1o demonstrate, rather than
speculate on, the importance ol the terms
stiffress and frequency, these quantities
were measured for a wide variety ol his-
toric and contemporary {ly rods. In the
second article of thas series, the resulis of
those tests will be discussed. Specifically,
the evolution of v rod designs, i terms
ol then respective sulinesses and [requen-
cres, will be analvzed. T he reasons for the
shift to modern rod materials will then
become clear. Furthermore, the under-
standing and use of the terms stiffness
and frequency 1o describe [y rod perfor-
mance will be emploved as the basis for
an objective rating scheme for Ly rod per-
lormance. 8

CGiraig Spolek s an associate professor
of mechanical engineering at Portland
State Uneversity in Portland, Oregon.
He veceived has Ph.D. from Washine-
ton State University and both his M.S.
and B.S. from the University of
Washington. Flis research pterests are
in the area of nonlinear mechanics. Has
spare time s spent fIy-fishing on the
myriad lakes and streams in
Washington and Oregon.

. For example, Edward Janes uses power
and action (see appendix to the 1976 editron
ol Rav Bereman's Trauned), Dave
Engerbretson uses achion and feell See UFly-
Rod Actions,” Rod & Reel iMay  June 1982).
Coarrison and Carnmiuchael use wave hinear
action, See A Master's Geuade to Brilding v
Bamboo Fiv Rod (1977): p. 256,

2. Phallips, Don, “Another Dunension o
Fiv Rod Evaluation... Stullness Prohle,”

Fly Fisherman (June July 1973).

5. Spolek, Grng, and Jellres, Steve,
“Analvsis of Large Deflecuons of Fishing
Rods,” Computational Methods and
Experimental Measurements, Springer-
Verlag (1982). Copies ol thas paper am be
obtamed by wninng o Prolessor Graig
Spolek in care of the Department ol
Mechamcal Engmeerineg, Portland State
University, P.O. Box 751, Portland,

(R 497207,

{. The stullness also depends on the rod
taper, but that dependence cinnot be
expressed moa straghtforward lorme The
dependence ol stufiness on taper s
nonlinear. The nearly hinear dependence ol
the example used i the text ol thas paper
was purely comnadental, but the taper vidues
used o calculate that dependence are typacal
ol those Tor Liberglass and graphe Hy rods.
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Where the Action Is: Part 11

by Graig A. Spolek

Having quantitively defined the me-
chanical praperives of [Ty vods in terms
af stiffness and frequency for the fivst
part of his series (American Fly
Fisher, val. 13, no. 4), Graig Spolek
now compares {hese frroperties RS
temporary fly rods with those of the
mineteenth and varly twentioth centuries.
According to Spolek’s experrmental studies, rod

sl

stiffness has not changed substantially in he
last century, while rod freguency has inerveased
dramatically. Spolek also suggests that now,
with a method for accurately measurimg the
mechancal behavior of [y rods in hand, a new,
maove qeenrale and highly quantiatroe system
for the rvating of fly rods conld vasily be deoe
loped: a numerical system with scales for both
stiffness aned frequency. After a breef introdie
lton, the details nf f1EA e I"_\'JI‘N'W.J'HFJ'A‘“ (e
describwd, and the resulls, particularly as Hiey
relale to the coalualion 0f {he )"h roud, are dis
cussed in depth. We hope that Spolek s efforts in

thas area will not be taken bightly and that ey

Fhe length of each rod was measured wnlth a tape measure.

Rod diameters were measured with a micrometer. The vod length was
divided into ten equal segments, marked with white tape, and diameters
were measwred at vach mark in ovder Lo determinte the vod's taper.

wnll have considerable impact on [ly fishers as
well as rod manufacturers. Its time to take
action on “action.” Once and for all, tet's rid
aurselves of this imprecise, overused fly-rod d
scriptron and chamfnon the cause of stiffness
and [requency,

loolution of the !‘IT Nod

In the hirst amcle i this senes, argu-
ments were made that the mechanical per-
formance ol a flv rod can be completely
descrnbed by knowing just two tactors: sttl-
ness and requency. These two Lactors
were used because they have precise
meanings and mdicate the way a rod will
respond to the two main demands placed
on it dunng hishing: hish-hghung capaciy
and casting effectiveness. When one 1s
Nehting a Lish, the [y rod absorbs the
shock that a lunging fish impans o the
line, preventing the hish from breaking the
line by these elforts: it puts a static demand

The wetght (or mass) of each rod was measured with a triple beam balance.

on the rod. The rod’s abiliuy to absorb the
cnergy of the hish's heghtas charactenzed
by the stitiness, One selects rod snufiness
according 1o the size ol the hish sought,
choosinmg arod with high stitffness for salm-
on, and choosing a more himber rod for
irout. he rod's requency, on the other
hand, reflects s ability to bhe cast, the
dvinamic actuiviry ol fiv-hishme, Durimmg cast-
g, the rod s loaded by the caster's
moton, but it unloads on s own and at s
own speed. The rod's requency 1s a mea-
sure of this unloading speed. The rod with
a lagh frequency will deliver the hagh hine-
specd that s necessary or long-distance
casting. The high frequency often makes
the rod more ditticult 1o cast and complh-
cates delicate fhy presentation; thus, some-
tmes o rod with o lower Irequency s
selected when [y presentation or casting
case 1s more mmportant than distance
casting,

Llodav's iy rod oflers us the chowces ol
sophistucated design: high or low siflness
and hngh or low requency. Generally,
then, we choose a roxd llt'|:t'l11[1!l_&.: on the
quarry we seek and on our casting skills.
1 his latitude of chowee has not alwavs been
avatlable. Early ishers used rods that were
very crude, m some cases nomore than cut
saphings, As Hiv-hishing became more pop-
ular, the rods became much more sophist-
cated. Rod matenals were selected oy
thetr strength and the case with which they
could be turmmed o rods. Such hard-
woods as white ash, ronwood, lancewood,
and greenhean became popular chowees
for solid wood rods; these were usually
tirned on a lathe, They were strong, Hexi-
ble, and very handsome: but thev sulfered
im that their solid bodies contributed litle
o thewr lunctnon besides excess welght.
[ he logical progression ol rod develop
ment was the use of a matenal that concens-
ated ats strong Libers near the outside
surface of the rod; a sunable candidate o
this was bamboo, While raw bamboo
exhabiuts thas property, the diameters and
tapers ol the cane are at Mother Natnre's
whim and are not alwavs the best for
rod performance. More untform mechani-
cal propernes [or rods were obtamed by
cuttimg strips of bamboo, tapering them
inchividually, and gluimg them ogether.
Rod designs using lour=strip, five-strip, six-
strip, and eight=sirip construction were
lested with varving suceess: the six-strip
desiegn eventually emerged as the mosi
popular. Tminally, bamboo obtained from



the Calcuta regron of India was used, bu
then the bamboo from the Tonkin It'gifttl
of China proved 1o have supenor gqualines.
Years Lter, even the Tonkim cane rods
were improved by an mimpregnation pro-
cess that mereased the rods” durabihiny and
perhaps even thewr performance.

Fiberghass rods were the first to bhe con-
structed solely ol synthete materials
[nmially, these rods were ol solid fiber-
}._:l;lhh. but hke the sohid wood rods, they
were too heavy, Thus hollow [iherglass
rods were soon developed, and these revo-
lunonized the fy rod mdustry. T hey could
be manulactured at much lower cost than
bamboo rods, and they possessed ven
CONSISICNT Properiues—imaore consistent
than bamboo with all its natural vinations,
Furthermore, 1t hecame casier for rodl
clesigners 1o obtain the stllness and lre-
quency they sought, because a rod's
length, diameter, and taper could be castly
controlled. Although a major one. the only
problem with the hollow liberghss vod wis
is weight: the stuftness-weight rano limied
the frequency that could be achieved in o
rod of reasonable mass and length, Mod-
crn graphite rods obviate the problem.
U'sing graphite ol varving densiy and
modulus, today’s rod designer can creawe
almost any suliness and trequency i aorodd
thant o v fisherman desires,

In shon, then, because ol the maternals
and the hmiued rechnology avatlable, early
v rods had the appropriate siiflness for
handling a parmcular range ol fish, but o
rod's requency could not be precisely con-
irolled. More specihically, 1 would guess
that the early rods had much lower fre-
quencies than their modem counterpanns,
| he purpose ol thas article s 1o desernbe
the process by which 1 rested this hypothe-
sts. | conducted an experimental study 1o
measure rod behavior, 1 will explaim how
these tests were performed and presen
the results ol the test so that vou can draw
vour own conclusions on whether vou
agree with my hyvpothesis, Finally, 1 will
propose a new rating scheme lor Hy rods
that 1s more consistent and i.'umplt'll' than
the current method.

Rod-Testing Procedure

Testung the changes that have ocomred
iy rods requires, ol course, o collection
ol rods ol ditferent ages. Such a collection
was assembled (see table on page 7). In
order 1o avolrd comparimg apples with

oranges (as much as possible), the rods
chosen had simlar lengths and sl
stillnesses (e.e., what would be considered
trout rods rather than salmon rods). The
rodds had been constructed with avaneny ol
construction techniques and materials,
Ihe primary source of rods was the Amen-
can Museum ol Fiv Fishing, whose gener-

ous loan of rods made thas studs |uw-i||lt'-

authors collecnon, primarily 1w provide
more samples ol modem rod-iechnology.,
I all, sixteen rods were wested, but two of
these proved o have the very high stifTness
ol salmon rods. so they were not used for
other comparisons. A complete descrip-
non ol cach rod and us characteristies 1s
given (see table). The overall objecnive of
the test program was (o determine the

A lew rads were also selected Tvom the mechanical pedormance of each rod. In
1
=== —
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MASS
ROD NASS HANDILE MASS
|
Lo find the vod mass (the mass of the partion of the rod extending
bhevond the handle), the vod was batanced on a knife vdge. Weights
were then suspended from the vod butt until the vod just balanced.
(Onee the balance mass and the vad length were determined, the vod |
mass coudd be caleulated.




order to do this, several diflerent measure-
ments were made. Physical propertes,
such as length, weight (mass), and taper,
were measured. Rod stlfness was also
determned as well as the change of sufl-

ness lor each rod (see the Amencan Fly

Fisher, vol. 13, no. 4, lor the first soncle of
this series and for a discussion ol this snafll-
ness change). Also, the dynamic perform-
ance ol each rod was deternuned by
meastring the rod's natural (or resonant)
frequency, and the amphitude of vibranon
at this resonant condition,

Physieal aferties

Length: A tape measure was used to mea-
sure the sverall length of the vod (see photo-
graph). Of greater importance for me-
chanical performance is the length of the
rod thar actually undergoes flexing during
casting and hish-fighting, Since the en-
larged handle essentially eliminates flex-
g of this portion of the rod, the rod length
was measured from the winding check 1o
the rod tip. The rod length was then
divided into ten equal segments, and each
segment was separated by a white tape
marker. These ten-percent marks are illus-
trated in the accompanying photographs.

Taper: For each rod, the diameters were
measured (with a micrometer) at the rogd
butt, the up. and at each ol the ten-percent
positions. For cane rods, the diameter was
measured across the Hat surfaces on which
the guides were mounted (see taper plots
on page Y).

Weight: The overall weight (overall mass)
tor cach rod was measured with a tnple
bheam balance (see photograph). Agaimn, i
is the mass of the portion of the rod

extending bevond the handle that is ol

greatest importance for mechanical be-
havior. This rod mass could not be mea-
sured divectly, since the handle could no
be removed from the rod. Therefore, the
following indirect method o approximate
the rod mass was used

Each rod was balanced on a knife edge
posttioned right at the base of the handle
(see accompanying illustration). The rod
was balanced by suspending weights [rom
the butt of the handle. By finding how
much weight (balance mass) was necessary
to just balance the rod on the knife edge,
the rod mass could be calculated. This cal-
culation required two major assumpuons:
(1) the handle is of uniform diameter and
density, and (2) the rod taper is uniform. I
1s clear that these two assumptions aren't
really accurate for some of the rods, but
the errors introduced aren't enormous,
ceither. The method was tested by using the
procedure to calculate the rod mass lor an
expendable graphite rod. The handle was
then cut ofl and the rod mass was mea-
sured directly. The difference between the
two methods was less than three percent.

So this procedure for calculating the rod
mass should be adequate 1o allow relative
comparisons of rods even if the values are
not exactly correct.

Stiffrness

The suffnessisdelimed as the amount of
load applied 1o the rod to get a given
amount of up deflection, So the test proce-
dure is essentially just that: load the rod
and measure the tip deflection. A special
test hixture was constructed to hold the
rods by the butt (representing the way they
are held during fish-fighting). A rod was
clamped atits butt so that the unloaded rod
was cantilevered horizontally. Once the
rod was mounted, the angle ol the butt was
adjusted so that the butt and tip were in the

BENT ROD

1o measwre rod stiffness, the rods were mounted in a specral
fixture. Werghts weve hung from the vod tipp, and the bent vod was
photographed. The rod tip deflechion and the area swept during

deflection weve then measured.

same horzontal plane. This adjustment
WS Necessary to account for warp in some
rods and for the deflectnon due to the rod’s
(VW11 wvighl.

During testing, the rod was loaded by
placing lab weights onto a pan hung from
the rod tip. The loading caused the rod 1o
bend with the up deflecting downward
(see tllustration). The amount of weight
was recorded, and the bent rod was photo-
graphed. The photographs were then ana-
lyzed by computer to calculate the rod
deflection. Twomethods of calculating rod
defleciion were used: (1) the verucal up
deflections were measured and then
divided by the rod length o vield deflec-
tnons normalized for all rods, and (2) the
arcas swept by the rod dunng deflecton
were measured and then divided by the

SWEPT AREA

L— TIP DEFLECTION

[\ LOAD




Fach rod was loaded with fovy different weights. This s a
mull I{:h'--r.tp.mr.m' jihn.’u_l_{: H,‘Jh of a -.mg.r'r rod with loads that
rncrease (o equal mmorements,

LOAD (POUNDS)

25% L RES. AMP
DEFLECTION (INCHES)

This photograph shows multiple exposures of a vod loaded with
weights i wnform merements. Notice how the rod deflects
progressively less with lavger weights. This illustrates how the vod s
stiffuess incveases wath more deflection.

A curve through the data was wsed 1o calewdate the vod's stiffness at
diffevent amounts of deflection.

length squared to yvield normalized deflec-
tons. (The second method has greater
techmeal vahidity, but is more comphcated
than is necessary for this study, Hence, 1t
was not used for analysis.)

Since the rod's stitiness increases as
greater loads are applied, tour different
loads werve applied 1o each rod. The
amount of load for each rod was based on
the individual rod masses. The apphed
loads were one, two, three, and four times
the rod mass. Multiple-exposure photo-
graphy was then used to record on asingle
picture the rvod detlections for the four
loads (see photograph).

Frequency

Measuring the natural frequency ol a tly
rod 1s more comphicated than one might
imitially suppose. Some Lactors 1o be consi-
dered are:

. There arve actually an imfinite number
of nataral frequencies at which a fly
rod will vibrate, All of them cannot be
measured. Fortunately, the lowest, o
fundamental, frequency is the most
important one for casting: this was the
one measured,

2. A rod’s frequency depends on how
the rod is held at the butt. We ofien
sce someone wrigele the butt of a rodd
and examine the rod's pattern of
oscillation. But wrigeling the but
back and forth 1s not the casting
motion, so it does not west the rod as i
would actually be used. A more vepre-
sentative butt motion 1s cantilever
maotion, whereby the butt 1s moved
back and forth but not allowed to
votate. Because this motion is very dil-
ficult to perform manually, T used a
machine for this pumose.

3. A rod’s moton, whether during cast-
g or vibraton testing, is very strong-
Iy altected by air drag. I ar drag were
mathematically simple, one could
“pluck™ a fly rod hike a guitar stnng
and then count the frequency of the
vibrations as they died out. But, of
course, ar drag 1s not simple, so one
must measure the rod frequency as
the rod is forced wo vibrate in a repeat-
able pattern. A rod-shaking machine
with repeatable monon was required.

1. A rod vibrates differently if i is moved
with differing motions. The inpui
motion that most exactly matches the
rod’s moton, thereby giving the best
measure ol rod vibration, is a sinusoi-
cal motion. Sinusoidal moton is ven
casy 10 describe mathematically and
very dithicult 1o produce mechani-
callv. The rod-shaking machine (vide
ante) was developed o generate this
Moton.

Alter much design time, testing, and
redesign, a rod-shaking machine to dehver



the required motion was finally developed.
For this apparatus (see illustration), the
rodd was moumted vertically and clamped
its butt so that the bun could not rotate.
| hie Do was moved bhack and forth hon-
contilly with pure sinusoidal moton. 1 hal
motion was generted by aomotor that van at
a constant speed and by a Scotch yoke that
converted rotary moton imto transhational
motion. The inputvibration trequency oy
the rod was controlled by changing the
motor speed.

During a test, the rod was secureh
mounted in the clamp, then the motor was
tned on at low speed. The motor speed
wits stepped up sequentially o cause the
rod 10 be shaken ar higher frequency. At
cach step, the amplitude ol the rod-tps
motion was observed. When the shaking
frequency matched the rod's natural fre-
quency, the rod-tip motion had its greatest

MOTOR (

SCOTCH YOKIE

amplitude: subsequent increases in the
motor speed caused a decrease i rod-up
amplitude. When the rod was vibratung at
s natural frequency, the resonant fre-
quency was measured with an oscillo-
scope, and a screen was moved into
[ sition so that the rod Ii]l ill.ﬂl totched i
cduring its vibranon. The machine was
then shut down, and the distance berween
the screen and the rod at midstroke was
measured; this distance was the resonant
amplitude.

Results

From the rvod data obtaimed (see sum-
mary of results), it is obvious that the fly
rods tested exhibited a wide range ol trants.
While the sampling of rods is not exhaus-
tve, a4 wide range ol rod matenals was
examined: lancewood, greenheart, Cal-

RO

VIBRATION
I
H

RESONAN'T
AMPLITUDE.

Gl
OSCHLLATION

A rod-shaking machine was ult to measure the vod frequency.
he vod was clamped at its handle and moved back and forth
with a Scotch yoke mechanism. The amount of rod wmbration was
grealest al resonande.

cutta cane, Tonkin cane, hiberglass, and
graphite. The date or era assigned to each
of these materials is only approximate, for
thev were hikely used belore and certaimly
used after the date given. The purpose ol
the date is 1o place the use of each matenal
in historical perspective so that the chron-
ology ol the evolunon, if there s one, can
bhe wdentilied.

For the most part, all ol the rods tested
were of comparable length, The average
length was approximately mine feet (a
range of cight 1o en feet).

The weights of the rods (overall mass)
vary considerably, the newer graphite rods
welgh about 80 grams, while the compara-
ble Lancewood or carly bamboo rods
weigh more than 200 grams, or 2.5 tmes as
much! Two ol the rods weighed 300 grames,
but these were salmon rods that would be
expected to be more massive.

The diameters of the rods also show a
great deal of variability, The graphite rods
have butt diameters in the range of 25 10
S0 mches: the bamboo rod butt diameters
range from 35 10 45 inches: and the hard-
wood rods have diameters in the range ol
D0 10 80 mches. Since the sufiness of the
vod vanes mversely with dhameter vased o
the tourth power (see parnt one ol this ser-
10s), 10 1s casy 1o see that the graphite rod
with a diameter halt that of a lancewood
rod must use a matenal with about sixteen
tmes the modulus. Or, put another way,
rod designers had to find a material with
sixteen times the immherent suflness just to
reduce the dimmeter by a factor of two.
With this perspective, we can begin (o
understand the inmtatons that Lace futare
rod development.

Besides the differences i butt diame-
ters of ty rods, their tapers vary considerae
biv. For each ol the rods tested, the rod
taper has been plotted on a common scale.
Itis clear that the tapers for graphite rods
are very stranght and uniform, while the
tapers tor some ol the hardwood and bam-
hoo rods are quite errvatic, This mconsis-
tancy can, in part, be attributed to the
three-piece construction and the abrupt
chameter changes at the ferrules that are
common in these older wooden rods. It
should be nowed that the taper vananons
plotted for the hardwood and bamboo
rods tested are probably unique o these
rods, and il different rods were tested, chi-
levent tapers would have been measured.
Hence, these rods probably exhibited
vastly diflerent casting and flexing behav-
wor when fished, and their performance
could not be anticipated unul use. In this
respect, our modern glass, graphite, and
boron rods oller far more predictability i
ficld performance.

Before we can compare the suflness ol
rocls, we must caretully define the stitfness
we are comparing. As has been empha-
sizedd throughout, the stufiness of a rod
depends on how much deflection the rod
experiences. his effect becomes most



apparent when we look at the patterns ol

deflection for prograssively increased load
(see accompanying photograph). When
loading is increased in unitorm steps, the
rod deflects less and less, which indicates a
correspondingly increased stffness. 11 we
plot the deflection vs. load (see illustra-
tion) for a rod and obtain a smooth curve
through those data points, the slope of that
curve represents the stiffness of the rod. As
the slope increases progressively, so does
the stiffness. This procedure—plotting the
curve and finding the slope—was per-
formed for all rods tested. The slope was
then calculated at two different tip deflec-
tions: (1) when the rod tip deflected
twenty-tive percent of the rod length (25%
L), and (2) when the rod tip deflected the
amount measured at resonant vibration
(Res. Amp.). Of these two, the Tormer

proved to be a more consistent incdhicator of

rod stiffness and was used for compan-
SOIS.

Let us now compare rod stullness.
Excluding the two salmon rods (rod no. 7
and rod no. 135), the suffness of all rods was
in the range of L0064 10 0168 pounds per
inch. When we plot the change ol this
stiffness with the vear of manulacure (see
tustration), no progression is apparent.

The data is widelv scattered because of the

difterences in the rods, but a curve repres-
enting all of the data is bhasically flat. We
must conclude that the rod sufiness has
not changed dramatically, but rather has
remained essentially constant with the
passage ol nme,

Next, examine the changes in rod fre-
quency. The rod frequency is somewhat
casier to define than stiffness because it

does not change with deflection Cactually

s changes shightly, but we will ignore that

clltect for simphicity). The Trequency is
expressed as the number ol oscillations
that the rod undergoes per second, or
cyveles per second. For the rods tested, the
frequency varies from 1.2 1o 2.6 cyvcles per
second. When we plot the change ol the
[requency with time (see illustration), the
progression is immediately obvious, The
low-frequency rods ol a hundred vears ago
have been replaced by the high-trequency
rods of today. The curve representing the
data shows this increase clearly. The curve
also seems to show that the frequency
mcrease has been slowing down recently,
Being carelul o not read oo much into
this small amount ol data, T am wempred o
mterpret this slowing down effect as our
approach o the technical it ol currently
available materials. While 1 s possible 1o
build a higher frequency rod with modern
materials, we must keep in o mind that
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Lemiglas [ graphite 1975 Y. 8.0 §3.0 5.3  10L5 00075 (L0132 247

[ 'nknown 2 [fiherglass 1950} 73.0) 03.() §4.3 27.0 0.0 00097 0.019%) 2.57
J. S, Sharpe 3 Tankin cane, impreg. 195() U). 5 4 (o L & 5 790 2135 00134 0.0259 2.-44

onig. wooden rod

Shakespeare 1 Jiherglass 195() 93.0) 82.5 1)5.7 NH6.10) 128.0)  0.01iK) (L0250 2.62

()rons 5 Caleutla cane I875 I131.5 1195 2040 1I4.0 3120 0.0064 (.01 [.22

Forvest and Sons 6 greenheart I880  127.0  117.5 205.7 1390 370 00079 (L0O25] [1.37

Vom Hofe (7) / greenheart I880  10)5.5 920 2983 2.0 3560 00266  O.0701  2.00)

Silkien 8 cane 1900  109.1) 99,5 [44.0} Y7.0 SO0 00085 0.0257 |49

Chubb Y lancewomd I870  120.5  109.0  207.0  117.0 2970  (0.0065 (0.02588 [.1§

(Druns 1) cane 1900 1080 97.00 1530 880 2160 0.0087 0.0268 1.43

H. 1. Leonard 11 Tonkin cane 1906  114.0 M0 1730 8LO 20400 0016 0.0260) 1,77

Abbey and Imbrie 12 cane 190 1I8.0 1050 2275 4.0 2270 0.0092  (0.0277 1.58

Abbey and Imbre 13 lancewood [N70) 1.0 N).5 324.3 184.Y WO 0.0298  0.0694¢ 238

Oruis 14 graphite 1975 1075 975 860 535 1500 0.0124 0.0186 2.4}

Shakespeare I35  graphite 1975  107.5 91.0  146.0 67.9 1130 0014 0.0207 2.6

(Iruns 16 cane, impreg. 1950 1120 101.0  201.0 1325 3130.00 0.016N (L2219

*These dates were supplied by the author. The rods were loaned by the Musewm to the author for lesting.
Unfortunately, the dates of manufacture of the rods are not known precisely. The author has estimated the date when
the particular vod technology was developed, and these dates are not veally accwrate. The older vods are civea 1900 or before.

The lack of precision in assigning dates in no way detracts from the author’s arguments.



STIFENESS VS, APPROXIMATE YEAR OF MANUFACTURE

When the rod stiffness is plotted versus approximate year of manufacture,
no discernable long-term change can be seen.

.
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L
-

must still retain the stiffness and weight
features necessary for effective hishing,
Thus, we may be approaching the practical
limit to rod frequency and increased hine
+ speed,

150

(.onclusion

So what have we discovered about the
$ evolution of v rods? First, T think that itis
& clear that rod stitfness has not changed
i very much, while rod [requency has
+ imcreased dramatically. In our fly-fishing
cfforts, this tanshates into easier casting.
Furthermore. 1 appears that we are
approaching a limit 1o increased fre-
quency or improved casting with the rod
materials currently available. Any im-
provements that we can reasonably expect
in the near futare will probably be small
IS7O0 1SS0 SO0 000 1910 14200 100 10 0 a0 1070 1980 compared 1o the giant steps taken when
fiberglass and graphite fivst appeared.
And now that we have a beter under-
standing ol the factors thae affect fy-rod
performance. perhaps we can now con-
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sider a quantitative method for ratng fly
rods. Currently, rod ratings are very subjec-
tive, They indicate the line weight that the
rod casts best, as determined by a panel of
expert casters. This rating includes some
aspects of both the stulfness and frequency
of the rod. Furthermore, the current sys-
tem is inaccurate because as we have dem-
onstrated, the rod’s stuffness and frequen-
cy are separate and independent. No
single rating value can accurately repre-
sent both factors,

A new rating method is therelore
needed for fly rods. It must include an
mdicator for both stiflness and frequency.
Thus, two rating values, rather than one,
must be emploved. A numencal system
that uses, for example, a 1 1o 10 scale for
stiffness and a 1 1o 10 scale for requency
(much the same that we currently use a | o
10 scale for line weights) would sullice. It
would take us a while 1o get used 1o the
system; but once we had taken this step we
would have in hand an accurate, quantita-
tive method for a priori assessing the way a
fly rod will perform in the field. §
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FREQUENCY VS, APPROXIMATE YEAR OF MANUFACTURIL

When the rod frequency is plotted against approximate year of

manufacture, an increasing trend is apparent.
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