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hen a wheel builder talks to a customer regarding a prospective
set of hand built wheels there needs to be a clear understanding
of what the purpose of the wheels will be. Is the major priority, strength,
weight or price?
Do they need to be particularly aerodynamic or are they wheels that
will be ridden in all weathers and conditions to accumulate miles?
Do they have to do and be a bit f everything?
These are some of the questions that need to be answered. Let's look
al the components of a whee! keeping in mind that like all things, a good
pair of wheels is a balance between sometimes contending requirements.

Hubs e

One of the first things that a customer needs to understand is that few
conventlonal hubs are designed for radial lacing. Radial lacing is when
the spokes travel from hub flange to rim without crossing over or under
other spokes. The spoke tension of aradially laced wheel is attempting
to pull the spoke through the hub flange through the least amount of hub
flange material. In contrasl, a cross pattern spoked wheel is built with the
spokes leaving the hub tangentially meaning that there is more matertal
resisting pull throughs between where the spoke head is anchared in the
hub and the direction the spoke is being pulled by spoke tension. If you



wanl a radialty laced wheel. some manulacturers warrant their hubs for
this pattern and they are the ones that should be chosen it radial lacing is
a ‘must’. There are several lactors that mean radial lacing is oflen a poor
choice but we’ll get to those when we talk about spoke pallerns.

Quality hubs have small spoke holes. The closer they are to 2.0mm
in diameter the better, and small diflerences can be meaningful. There is
a practical problem hera, For the purpose of maximising strength, spoke
threads are rolled on during manufacture rather than cut into the spoke.
This means thal the diameter of the Ihreaded section at the high point
of Ihe thread is larger than the shelt ol the spoke by a fraction of a mm,
meaning in turn that the spoke holes need to be that fraction larger for
the threaded section of the spoke 10 lit tirough. The mos! commonly
used spokes have a diameter of 2.0mm at the elbow where they pass
through the hub flange. As a wheel rotates, the stresses on the spokes
are cyclical. The spokes above the tyre contact patch which point down
from the hub lose tension fractionally as the whee! deforms infinitesimally
while supporting the weight of rider and bike. The spokes above the tyre
contact patch pointing up from the hub Increase In tension by the same
amount and for the same reason. These cyclical stresses cause miniscule
movements of Ihe spoke elbow within the spoke hole. The tighter the fit
between spoke and spoke hole. the longer the fatigue life of the spoke, alf
olher things being equal.

The reason that many inexpensive and moderately priced hubs have
larger than ideal spoke holes is that it malces the job of inserting the
spokes into the hubs easier for automated wheel building machines. So
choose hubs with smaller spoke holes, which is just about all the betler
models from {arger manufacturers.

Another thing to consider is the dishing asymmetry of the rear wheel.
Despite the fact that it is the driven wheel with periodic torque loadings
{rider stamping on pedals), that don’t occur In the front wheel, as well
as bearing much more weight than the front wheel and daspite having a
30mm longer axle, it might surprise a few people to find Ihat rear wheels
are not as strong laterally as front wheels.

This is a by product of multi geared derailleur bicycles. Look at a rear
wheel from directly behind. You will see that the drive side spokes leave
the hub flange at a more vertical angle than the non drive side spokes.
This is necessary to fit in 3.16.or 11 cogs on the drive side of the wheel.
Thig also means that while the rear rim is centred between the ends of
the rear axle, it is notcentred between the hub flanges and is much more
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over the drive side hub fiange. As a consequence, the spoke tension on
the drive side of a rear road wheel is approximately twice that of the non
drive side. Spoke tension could be equalised If the hub was designed with
the non drive side hub flange ctoser to the centre of the hub and periodi-
cally, different manufacturers have tried this. My experience is that hubs
designed like this don't have enough flange separation for optimum lateral
strength, They may be okay for lighter riders and TT use but are not ideal
for heavier racers stomping on the pedals belore the bike Is futly upright
when exiting a corner in the local crit or similar situations. The larger man-
ufacturers have settled by trial and error on rear hub flange separations of
around 52 - 58mm with a drive side centre to {lange dimension of 16 — 19
mm and a non drive side centre to flange measurement of 34 — 38mm,
though there are exceptions. By way of comparison, front hub flange
separation is typically 70 to 80mm. Ideally, the non drive side centre to
flange measurement should be close 1o twice that of the drive side lor the
best balance between spoke tension equality and lateral strength of the
finished wheel. There are ways to improve on this but I'll leave that until we
get to rim choice.

Rims

A rim has to support the tyre and resist the alternate left / right pull of
highly tensioned spokes. What stops the rim being pulled into a sinuous
snake like shape is the inhefent strength of the exirusion and the care with
which the wheet builder inCreases spoke tension incrementaliy during the
building process.

A lesser number of spokes means that a stronger (which usually
means heavier), rim is necessary. Another thing to consider is how stiff the
frame is that these wheels will be litted to. If a frame Is extraordinarily
then usually the wheels have to be extraordinarily stilf as well il a long ser-
vice life with minimal spoke breakage is deslred. The stiesses generated
by the rider have fo go somewhere. If the frame doesn't llex, the wheels
will be more heavily loaded than if everything else; frame, steering assem-
bly and wheels afl flex to some degree.

So a choice has to be made between an aero section rim of 30mm
or more, @ mid section rim of around 25mm depth and a low profile rim of
around 20mm depth. Generally, the deeper the rim section of conventional
aluminium rims, the greater the weight and the harsher the ride.

As spoke count drops. the larger gaps between spokes mean that
a stronger and usually heavier rim needs
to be used to resist the alternate left /
right pull of the spokes on the rim, There
is a good case lor having more spokes in
the rear wheel than the front because as
mentioned earlier, rear wheels are more
heavily loaded but inherently weaker. For
maximum reliabilily and minimum weight a
combination of 36 hole rear / 32 hole front ,
32 hote rear / 28 holes front or some other
variation of this theme, depending on the
weight and strength of the rider and the
intended usage of the wheels, is ideal. On
a personal note, | have been running a 32
hole rear and 24 hole front pair of wheels
lor many years without problems.

Rims come in single eyeleted, double
eyeleted, socket eyeleted and non eyeleted
types. An eyelet is a reinforcement that
spreads the stresses ot a tensioned spoke
nipple over a larger area of the rim. For
practical purposes there is na real advan-
tage in any of these types of construction
but my experience is that single eyeleted
rims are more prone to stress cracking

) start again

* www.bicyclingaustralia.com 123



than non eyeleled or doubte eyeleled designs. Socket eyeleted designs
need more carelul building and more stress relieving dusing building than
the other lypes because there is movement between the socket eyelet and
the rim that has to be taken up until Ine socket eyelet is firmly seated.
One last thing about rims is that there are some rear rims available
wilh what is called 'off cenlre’ design. What this means is Ihat the rim is
designed with the spoke holes drilled 3mm off centre towards the non
drive side of the bike. tn practice this means thal a stronger wheel can
be buiit Ihan with a similar ‘centred’ rim because off centre spoke holes
allow the effective dishing asymmetry of the wheel to be less. This in turn
means beiter {ateral sirength because of a less verlical drive side spoke
angle and the corollay of signiticantly higher spoke tension on the non
drive side spokes than is possible with conventional cenired rims,

Spokes and Nipples

Spokes are generally made from what is known as 18/8 stainless steel
.The designation 18/8 refers to the two major alloying constituents, in this
case a spoke is a minimum of 18% chromium and 8% nickel. It is these
additions that give the spoke its sheen and resistance to corrosion. The
18/ 8 (or 300 series as it can be known) is malleable, durable and easy
to work with, Spokes are also available in titanium and in the past, various
composite materials. Titanium offers no advantage as a spoke material
and composite spokes weren't particularly reliable and seem to have died
a natural death.

A spoke has four sections. The flaltened head which anchors the
spoke into the spoke hole on Ihe hub flange. The elbow which is where
the spoke is bent into a curve just below the head. The body which is Ihe
unthreaded length of the spoke below the elbow and the thread which is
the 10mm long threaded section at the end ¢l tha spoke.

Spoke nipples are commonly-made Irom chrome plated brass and
less commonly from atuminium alloys, which can be anodised in various
colours for the fashion conscious. The nipple has two paris. The head and
Ihe body. The head is Ihe wider section that anchors the nippleinto the
rim and the body is the four sided projection thatprotrudes out of the rim
towards the spoke.

Spoke heads are usually round and have a slot in the top for a nipple
driver or screw driver to help screw on the nipple when lacing spokes dur-
ing wheel building. The underside ol the spoke head tapers towards lhe
body and depending on brand, this taper can vary in shape. The nipples
i prefer are the Belgian Sapim brand because the under side of the head
is hemispherical in shape allowing the nipple to canf towards the direction
that the spoke is arriving at the rim just a tiny bit more than a standard
tapered head. This is nol always necessatry bul I'm a believer that if you
are trying 10 build a really good wheel. every liltle thing helps.

Spokes are available in pfain gauge, single bulled, double butted,
triple butled and bladed varieties. To explain brielly:

Plain gauge spokes are of a single diameter through out the non
threaded length of the spoke. They are less expensive to manufacture
than butted or bladed spokes and are mainly available in 14 gauge; i.e
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2.0mm. Plain 15 gauge {t.8mn) spokes used to be available but were a
waste of time ior mine because they are not as snug a fit and less welt
supported by the spoke holes in the hub fiange. Plain gauge spokes are
cheap and durable.

Single butted spokes are thicker at the elbow and slightly past the
elbow than they are in the rest of the spoke body. Single butted spokes
are now uncommon as they offer no real advantage compared to the more
common double butted spokes.

Doubie butted spokes are thicker at aither end lhan they are for much
of the length ol spoke body. This means that there is more material where
stresses are highest. The most common double butted spokes are 14 /
15 gauge where the spoke is 2.0mm near the elbow, 1.8mm for most of
the body and then retums to 2.0mm just below the thread. There are other
and iighter variations ol gauge avaifable in double bulled spokes.

Triple butted spokes are usually only used in high load situations such
in wheels for tandems and loaded louring bikes. The most common triple
butled spokes are 13/ 15/ 14 gauge. That is 2.3mm at the spoke elbow
ensuring the snuggest lit possible between spoke and the spoke hole of
Ihe hub flange, then thinning out for most of the spoke body length before
returning to the common 14 gauge (2.0mm), just before the thread. The
reason that the elbow end of the spoke is 13 gauge is that this approxi-
mates the diameter of the spoke thread and is as fat a diameter as can be
lilled Ihrough the spoke hole of a high quality hub. Even then, they are a
tight fit - a good thing.

Bladed spokes are flattened or ovalised for-aerodynamic benefit.
Other than the rider, whieels cause the greatest amount of aerodynamic
drag on a bike as each spoke leaves a vortex of disturbed air behind it,
Bladed spokes are an altempl to minimise this drag: Bfaded spokes are
available in wide versions which are basically a ftattened 14 gauge spoke.
That is round at either end but flat for most of its length. Spokes of this
type need the spoke holes in-Ihe hub to be slotted so thal the width of
the blade can lit through. Wide bladed spokes are becoming less com-
mon. More common riow are narrow bladed spokes like DT's Aerolite
and Sapim's CX-Ray which are 14 gauge at either end and flaltened to
approximately 2.3mm wide and along the body and are very thin. These
spokes are the most expensive commonly available as well as just about
Ihe lightest choice and tend to be the spoke of choice for lightwelght,
expensive wheels. Despite the light weight, the exira manufactusring steps
and cold working involved allow these spokes to have theoretically, the
fongest faligue life of any spokes.

Nipple bodies can vary in length but all nipples only have four mm of
thread and that is all at the top of the nipple. What that means is that a
nipple with a long body cannot be used to overcome the use of a spoke
that Is too short. For full thread engagement and maximum reliability, the |
end of the spoke needs to reach as far as the botlom of the slot in the
nipple head when futly tensioned. A liltie more than this is line because
thero is 10 mm ol spoke thread to play with, but if the threaded end of the
spoke protrudes too far beyond the nipple head it can punch a hole in the
rim tape and cause unnecessary punctures,

Whether you choose a brass or aluminium nipple will depend on what
you inlend to do with the wheei. Brass nipples are laulllessly reliable.
Aluminium nipples save weight and are reliable in most situations with the
following provisos.

That they are oiled repeatedly where they protrude through the rim as
the wheel is built if using a non eyeleted rim. This will prevent the sharp
edge of the spoke hole of a non eyeleted rim from undercutting the nipple
head leading to premature failure of nipple when the head pops off.

That the wheels are built using a close fitting spoke key. Aluminium
nipples are solter than brass and a poor lit between nipple and key can
round the edges of the nipple, damaging it in the process. While | prefer
the DT spoke keys lor most things, Sapim make a key that is my prefer-
ence for aluminium nipples. It supports the nipple on ali four sides with
only the minicaum sfot cut into one corner so that the key can be litted
over the spoke.

If the intended use of Ihese wheels is for at! weather training, forget
aluminium nipples. Over a long period some types and brands break
down and crumble because of corrosion,



Building the Wheels

| use a calculator to work out spoke length: There are many of these
on the internet and itis worth faking the fime lo find the one which suits
you best. The inputs are the nipple seat diameler of the ¢im, the flange
diameter(s) of the hub. the centre of hub to flange dimension for either
side. lhe number of spokes and the cross patlern being used. There are a
range of tools available to determine these values. So what cross pattern
to use?

The answer to this question is contained in a seminal book named
The 8icycle Whee! by Jobst (pronounced Yopst) Brandt. Brandl built simi-
lar wheels with the only difference being cross paltern. He buill radial, one
cross, two cross, three cross and four cross versions and then fested the
lateral deftection of each when held in a fixture with a lixed load applied.
What he found is that radial and one cross palie:n wheels have the least
resistance to lateral loads and there is na discernible difference between
two cross, three cross and four cross, though all are noticeably better than
radial or one cross

| know whal you're thinking. You are thinking, wihy are spokes crossed
at all? The answer is so Ihat each spoke confacts one anolher. For

instance a three cross wheel crosses three other spokes oft its journey
from hub llange to rim. It passes over tha first two of these spokes and
under the third pressing against it. This allows two things. Firstly Iran-
sient stresses, like hitling a buinp or a pothole, are spread over as many
spokes as possible because each spoke is pressed against another.

Secondly, while it is possible to build an adequate radially laced Iront
wheel or the non drive side of a rear wheel, it isn't possible to do this
retiably on the drive side of a conventional hand built rear wheel. When
Ihe rider applies force to the pedals the torque load on the pedals is
translerred by lhe chain to the rear cogs. This causes the spokes facing
rearwards relative to direction of travel on the rear wheel to increase in
tension. These are called pulling or dynamic spokes. It also causes the
spokes facing forwards in refation to direction of travel 10 decrease in
{ension by the sama amouni. These are called pushing or (inaccurately),
static spokes. Simply, if a cross pattem with altemate foiward and rear-
ward facing spokes wasn'’t used on the drive side of the rear wheel, then
the forces applied to the rear hub by the rider applying pressure to the
pedals would tear the hub out of the wheel. (Some aluminlum spoked,
high quatity pre buill wheels have radial drive side spoking but that is an
entirely different story).

Another thing that Brandt experimented with was whether the pulling
spokes should exit the hub to the outside or inside of the hub flange. As
these are the spokes that are more highly stressed it makes sense for
them to have the greatest separation and triangulation, which they achieve
by exiting the hub to the outside of the flange. And so Brandt found.
Some years ago, Mavic Service des Courses (Neutral Race Service), built
several hundred pairs of 32 spoke wheels for race service using a variety
of cross palterns and pushing spoke exit orientalions and keeping a tog
of how the wheels fared over a Euro race seasoa. They found similarly to
Brandt, that the three cross rear wheels with pushing spokes exiting to the
outside of the flange were the mast reliable.

As a general recommendation three cross is the best option for 28,
32 and 36 spoke wheels. For 24 spoke wheels, two cross is best because
using three cross would have the spoke bodies of some spokes run-
ning over the spoke heads of others causing extra stress and timiting
durability. For 40 spoke tandem or loaded touring wheels, use four cross
Sometimes there are good reasons to depart from these recommenda-
tions bul any good wheel builder will explain the why's and wierefore's
when you are purchasing your wheels.

So Let’s Build a Wheel

So we have calculated spoke length and have separated the drive
side spokes lrom the nan drive side spokes. t place the nipple jar between
them so that if interrupled, there will be no inadvertent mixing of lengths.
Now | coat the spoke Ihreads with 222 Loctite Threadlocker. This is not
to stop the spoke nipples from unwinding. Sufficient and even spoke
tension will take care of Ihat, Itis to prevent galvanic carrosion between
the dissimilar metals of spoke and nipple. In the presence of water, the
spoke and nipple will corrode together making any subsequent truing
required during lhe life of the wheel, much more difficult lhan need be.
Some people use oil or grease instead of 222, bul oil and grease dry up
and dissipate over time while 222 doesn't. Loctite 245 works well too, but
222 has a propeity that 245 doesn'l. Any subsequent tuening of the nipple
during wheel truing at some fulure time will break the bond of 245 but will
not aflect 222. There are proprietary compounds from spoke manufactur-
ers available too, but all are more expensive or work less well than 222
Loctite

| won'l waste space by describing the lacing process because it is
simple and anyone can learn how wilh a little practice. | want to concen-
trate on the delails that make a difference between a good wieel and a
great wheel.
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Hand lools Steve 'uses for tha jot. A calculator with spake lengths
programmed. Spokes, Loglite 222, DT Swiss Dogleg Scrawdriver, DT Swits
nipple gripping driver spoke Keys from DT Swiss and Sapim: spoke punch
harmmer, nipples, digital verniers for measuring llange and hub lenath
spoke ruler for checking spoke I»_-r'.u_'_;[h

The flanges must be measured accurately tordelarming (he correct
spoke length

toolile 222 will nat Bond until pressure s applied Ensuring the spokes ara seated correetly in the hub
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Essentials to build a great wheel -

* The nipples need 10 be |ubricated where they protrude from the
rim. This reduces the effort needed to turn the nipple during building
and makes the builder's job easier.

* Seat the spoke heads. Once there is a little tension on the
spokes, use a small hammer and punch to seat the spoke heads
securely against the hub flange.

* Tighten the nipples incrementally. Typically a quarter of a turn at
a time once there is some tension on the wheel. With the rear wheel,
tightening the drive side spoke nipples a half turn and the non drive
side nipples a quarter turn at a time will ensure that the rear wheel
remains in dish. Rotate the wheel once truing laterally as necessary.
Then rotale once truing for circularity. During this process, if there is
the choice between tightening one nipple or loosening another, choose
to lighten as you are attempting ta increase spoke tension. Play lateral
trueness and circularity off against each other. After each rotation. the
wheel should be a little truer and a littie rounder.

» Check wheel dish periodically. This means that make sure that
the rim is centred between the ends of the hub axle.

* Pre stress periodically. All spokes other than bladed spokes are
round. That means that as the spokes are progressively tightened, the
spoke can ‘wind up' into a spiral. To get rid ol this wind up, remove the
wheel from the truing stand, place on a llat surface and place each
hand on opposite sides of the rim. Push dewn moderately on the rim,
just enough to leel a small amount of movement. Rotate the wheel
slightly. and repeat until a full rotation has been made. Then relit wheel
to truing stand and go back to tightening while making sure that cir-
cularity and trueness are maintained or improved with each rotation of
fhe wheel. Bladed spokes can wind up too but generally a slotted bar
is pfaced onto the spoke to prevent wind up while the nipple is tight-
ened. I! pre stressing a wheel, take care to pre stress with the drive
side of the wheel facing down.

* A wheel is linished when. it is as tight as it is sensible to build it
and can be pre stressed firmly without moving out of true.

= Expect the fast 5% of the job to take 20% of the time. It is this
attention that makes a ‘great" wheel. {'ve noticed over time that a lot
of competentwheel builders tose patience towards the end of the
process. If the builder is patient and methodical, a 'great’ wheel is the
reward for the time spent.

» Fit rim tape ensuring that it is centred in the tyre well, it tyre and
tube and enjoy the ride.

A quality hand built road wheel should need minimal attention,
accidents aside, for the duration of its life. All feedback is desirable
so stay in touch with your wheel builder. Lastly, il you are considering
a pair of hand built wheels and can't decide on something, err on the
choice of conservalism. If in doubt, use a hub with belter dish or a
slightly heavier rim, or better quality spoke for the best results.

The final question is, with the wide variety of quality pre built
wheels available, why ¢hoose a hand built wheel?

Some years ago | worked briefly as a mechanic for tour groups.
On each occasion paying customers who were riding their Zipps,
Ksyriums, Neutrons or simitar would ask me something like “Seeing as
you own a bike shop, why are you riding ordinaly (read, hand built),
wheels?

My answer was to ask them how many spare spokes they had
brought with them. Always the answer was “None".

Every year someone would break a proprielary spoke. This meant
that the rider was paying for the privilege of not riding for several days
until the appropriate spoke arrived. Given how much variety is out
there, it is unrealistic to expect shops to carry stock to cover every
eventuality. No such problem exists with conventionally spoked wheels:
Whichever the wheels you ride, any time that you travel, cany a couple
of spare spokes in whatever lengths and types that you need.

Lastly, a hand built wheel is one of the few things remaining where
a human being can produce a more accurate result than a machine.
Just as some people gain pleasure from owning a bespoke item of
some kind, there is a pleasure to be had riding bespoke wheels. &%

* www, bicyclingaustralia.com 127



	3_1
	3_2
	3_3
	3_4
	3_5
	3_6



