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This chapter deals with the idi­
osyncrasies of various types of 
springs. Because motorcycles 
lean heavily to only two types of 

springs, coils and air, we will con­
centrate most of our attention there.

One trait of all springs is that it is 
impossible to predict their perfor­
mance without direct field testing or 
elaborate test equipment. Most of the 
time it is impossible to make these 
evaluations until after you have spent 
your hard-earned money. It is the in­
tention of this article to provide you 
with enough basic knowledge of 
springs to insure you purchase what 
you and your motorcycle need and 
not just what remains on your deal­
er’s shelf. In the first article of this 
series (Suspension Part I, Motorcy­
clist September, 1977), we covered 
the basics of springs in detail. Here I 
will quickly review the essential con­
cepts and relevant terminology.

The term we will refer to most of­
ten is spring-rate or rate. Spring-rate 
is a measure of a spring’s stiffness or 
ability to withstand various loads. 
Specifically spring-rate is the amount 
of load or force required to collapse 
or compress a spring one inch. In 
this country it is expressed as 
pounds per inch (lbs./in.); in the 
metric system it is kilograms per 
centimeter—KG/CM. If you apply a 
force of 300 pounds to a spring and 
it compresses 3 inches, it is said to 
have a 100-lb./in. rate:
300-pound load = -joo lbs./in. rate 
3-pound deflection 

It is very important not to confuse 
spring-rate with spring load. Load is 
the amount of force or pounds ap­
plied to the spring—for a motorcycle 
this is the weight of the chassis and 
rider multiplied by the leverage of the 
spring-shock mountings.

If you know the load and you know 
the spring-rate you can predict the 
amount of spring deflection. For ex­
ample if you have a 300-pound load 
and you apply it to a 100-lb./in. 
spring you will get 3 inches of spring 
deflection:
300-pound load = 3-jnch deflection 
100 lbs./in. rate

The spring rate determines how a 
spring reacts or deflects to changes 
in load.

Free length is the length of a 
spring before any load is applied or 
when it is standing free of its intend­
ed installation. If you know the 
amount of spring deflection due to 
the combination of load and rate, 
you can determine the loaded length 
by subtracting the deflection from the 
free length:
10-inch free length 
-3-inch deflection 
7-inch loaded length

Many times the deflection caused 
by the static load is referred to as 
preload. Mechanical preload is the 
amount the spring is compressed 
when it is installed in the suspension. 
Static preload is the mechanical pre­
load plus the additional amount the 
spring compresses when it is sup­
porting the chassis while at rest. 
Sometimes the mechanical preload is 
greater than the static preload. When 
this condition exists the suspension 
does not move until a bump large 
enough to overcome the mechanical 
preload is encountered. This is a 
condition to be avoided at all costs.

Now let’s look into why one spring 
is stiffer than another. When a spring 
engineer is asked to design a spring 
with a particular spring-rate, he has 
three variables at his disposal. The 
first is the number of active coils he 
can fit into the requirements. Active 
coils are the coils that do not touch 
each other and generally there are 
two less active coils than total coils— 
one dead coil being provided at each 
end to square the ends. Secondly he 
can select various thicknesses of 
spring wire to cause the rate to go 
up or down—the thicker the wire, the 
higher the rate. The last variable is 
the mean diameter of the spring. The 
mean diameter is measured from the 
center of the spring wire on one side 
of the spring to the center of the 
wire on the other side. The selected 
combination of these three elements 
determines the spring-rate of each 
spring. The difficult part for you and 
the cause of such confusion about

spring stiffness is that two of the ele­
ments work inversely in relation to 
spring-rate. By that I mean that if you 
use more of one of those elements 
you get less spring-rate. Conversely 
if you use less you get more spring- 
rate. Understanding this concept is 
vital for full comprehension.

The two elements that are inversely 
proportional are the number of coils 
and the mean diameter. The size of 
the spring wire is directly proportion­
al to spring-rate—the bigger the wire, 
the stiffer the spring. For illustration 
purposes, imagine a coil spring un­
wrapped and straightened into a rod 
or bar. Now clamp one end solidly 
and support the other end in a bear­
ing. Add a lever arm to the end of 
the bearing and we have a torsion 
bar (figure 1). If you pull on the end 
of the lever arm with a load the bar 
will twist in torsion at a specific 
spring-rate. The bar’s resistance to 
twisting is generated by the interac­
tion of the molecules working in 
shear against each other.

Glance at figure 1 again and no­
tice the cross section of the bar pro­
jected off the end. The pie-shaped 
piece represents the amount of twist 
(or relative motion between mole­
cules) from the clamped end to the 
free end due to the load. Notice the 
pie section is much wider at the sur­
face than near the center. This indi­
cates the molecules at the surface 
must resist movement much more 
than those at the center. This is the 
reason spring-rate will increase if you 
increase the bar or wire size. Inci­
dentally the stiffness increases to the 
fourth power of diameter. Also notice 
the center of the bar contributes very 
little to the stiffness which accounts 
for tubular bars being nearly as stiff 
as solid bars. I throw this in as an 
idea for saving weight.

Just like our original coil spring, 
bar size is not the only factor in de­
termining the stiffness. The length of 
the bar is the other variable. Al­
though it may be easy to compre­
hend that a larger diameter bar will 
be stiffer, it may not be so easy to 
accept that shortening the bar will
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also increase the stiffness. Think 
again of the molecules tugging on 
each other creating a resistance to 
twist. A longer bar will have more 
molecules in it than a shorter bar. 
Each of those individual molecules is 
going to equally feel the total or all 
of the load or stress being fed into 
the bar. Each molecule will deform a 
specific amount when stress is ap­
plied. The amount of twist is the sum 
of the deformation of all molecules. 
The bar with more molecules, or 
longer bar, will twist more. Converse­
ly, a bar with less molecules, or 
shorter bar, will twist less.

Why are we so preoccupied with 
torsion bars when our motorcycles 
come equipped with coil-springs? 
Keep in mind that a torsion bar is 
simply a straightened coil spring. A 
coil spring experiences exactly the 
same twisting action in its wire and 
all the same principles apply. A fur­
ther direct relationship is that the 
length of a torsion bar has an effect 
on two of the spring-rate variables 
found in coil springs.

If you take that bar and coil it up, 
it will make just so many coils of a 
certain mean diameter before you 
run out of bar. If you want more coils 
or larger diameter coils you must 
start with a longer bar. That will 
make the coil spring softer. If you 
add coils or make larger coils, the 
spring-rate will be lower. If you re­
move coils or shrink the diameter, 
the spring-rate will be higher.

Unfortunately the engineer’s prob-

duce the desired spring-rate. Gener­
ally the diameter of the spring is gov­
erned by whatever the spring goes 
over or into and cannot be varied 
much. One of his options is gone be­
fore he starts. The free length and 
travel are also likely to be predeter­
mined. That means his combination 
of wire size and number of coils 
must not take up too much length 
when the spring is fully compressed,

touch and become shorted out and/ 
or dead coils. If they all touch the 
spring becomes solid.

If an engineer discovers his com­
bination has too many coils to yield 
the required amount of travel before 
coil-bind, he can remove some coils, 
which will raise the rate. Then he 
must reduce the wire size to bring 
the rate back down again. This may 
solve the travel problem, but brings
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on another known as overstress.
Overstress is a condition in which 

you are asking too little wire material 
to do too much work. The molecules 
actually slip in relation to each other. 
They don’t return to their original po­
sition when the load is removed. A 
sign of this condition is when a 
spring takes a permanent set or 
sags-out by not recovering to its 
original free length after some use. 
The solution to this crisis is to 
change the quality of the wire. There 
are several different qualities of wire 
available beginning with music wire, 
progressing through various oil tem­
pered types and ending with chrome 
silicon or chrome vanadium. The 
compromise decision is always one 
of cost. If a spring doesn’t require a 
wire with a high stress capability, it is 
purely academic to use expensive 
wire. Most motorcycle springs are 
made from oil tempered wire, but 
chrome silicon is being used occa­
sionally for long travel suspensions.

The message of all this dialogue is 
that it is possible for a spring with 
few coils and tiny, quality wire to be 
every bit as stiff as a spring that is 
more massive. Don’t assume because 
a spring looks light that it is not stiff.

So far we’ve been talking about 
springs that have just one rate. To­
day’s motorcycles seem to respond 
to suspensions that have a soft rate 
for general conditions and a dramatic 
increase in rate to deal with the oc­
casional larger bump. One way to 
achieve this is to design a progres­
sive rate spring. If you think back to 
our torsion bar, recall that the rate 
goes up if you shorten the bar. To 
make a progressive spring we must 
accomplish this shortening in stages 
as the spring is being compressed. 
The easiest way to do that is to take 
away active coils one at a time by 
having them short out on each other. 
This leaves fewer and fewer remain­
ing active coils causing the rate to 
go up. Figure 2 illustrates how the 
coils can be spaced in order to give 
various kinds of rate curves. The 
drawback to progressive springs is 
that it is difficult to get enough travel 
with all those dead coils stacked in 
the spring length.

Another approach is to stack two 
or three different springs together to 
get maximum utilization of the spring 
wire. This sytem provides more travel 
and, even more significant, a wider 
spread between initial and final rate. 
Remember when you stack springs 
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together the effect is that of one 
spring with more coils. More coils 
mean a lower rate. That rate will be 
lower than either of the individual 
springs. If you add a third spring, the 
rate will be softer yet. The final rate 
will be the same as the spring that 
does not coil bind or short out. A 
combination of travel and rate deter­
mine which spring will still be active 
after the other is shorted out.

Here is a simple formula to deter­
mine what the initial rate will be if 
you stack springs together:
Low spring-rate =
primary spring rate x secondary 
spring rate________________________
primary spring rate + secondary 
spring rate
If you have three springs, solve for 
two of the springs first and plug the 
answer and the third spring into the 
formula and solve again.

I have dwelled on this lowering of 
rate for stacked springs to help clear 
up a misconception about fork 
booster springs. A booster spring 
does not make a spring stiffer, only 
longer, in fact it makes the spring 
softer. However if a booster spring is 
installed inside or outside another 
spring (in parallel instead of in se­
ries) the rate does go up and is the 
sum of the two rates.

The amount of desirable progres­
sion has a lot to do with the type of 
shock mounting geometry incorporat­
ed. If your motorcycle has geometry 
that causes a diminishing rate you 
will need more progression than if 
you have a rising rate geometry.

(Suspension Part 3, Motorcyclist No­
vember, 1977).

Here are some general guidelines 
to help you select spring progres­
sion. Suppose the optimum straight 
rate spring for your motorcycle is 100 
lbs./in. For a progressive spring I 
would start with about an 80-lb./in. 
initial rate and end up with about a 
160-lb./in. rate after about % of the 
travel. That is a rate spread of 100 
percent which is about right for most 
shock geometries. Laydown or dimin­
ishing mountings will need a greater 
spread than 100 percent and more 
upright or maximum rise geometries 
will need a lesser rate spread.

The damping characteristics also 
influence the amount of rate spread. 
A lot of compression damping will 
minimize the need for rate spread 
and also allow you to start with lower 
initial rates. Remember to always use 
an initial rate lower than the optimum 
straight rate.

It is possible to measure spring- 
rates yourself. If you want to know if 
a spring is just harder or softer than 
your existing spring you can count 
the coils and measure the spring 
wire to make a quick estimate. If you 
want to know the actual rate this can 
be done with a bathroom scale and a 
drill press. This operation can be 
dangerous so I suggest extreme 
care. Place the bathroom scale on 
the drill press table and brace the 
top of the scale so the load from the 
spring will be evenly distributed. Now 
make some kind of pushing device to 
fit in or over the drill press chuck.

FIGURE THREE
BOYLE’S LAW AS APPLIED TO AN AIRSHOCK
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Try to make the pushing device act 
as a guide to keep the spring from 
flying out. Compress the spring a lit­
tle to make sure the end coils are 
truly shorted out. Take a reading 
from the scale now. Compress the 
spring exactly one inch and take 
another scale reading. If your scale 
will handle it compress the spring 
another inch to get an average or an 
indication of progression. If you sub­
tract the initial reading from the sec­
ond and the second from the third, 
you will have two spring-rates. Aver­
age the two for the actual rate. Be 
very careful to keep everything in line 
when performing this operation, oth­
erwise the spring will be likely to fly 
out of the drill press.

That’s enough about coil spring. 
Let’s get on to air-spring. Air springs, 
used commonly today in both forks 
and shocks, have the unique quality 
of being naturally progressive. In 
practice, the initial rate can start low­
er and the final rate can end up con­

siderably higher than is possible with 
conventional springs. Additionally the 
individual owner can perform easy 
adjustments to create an infinite 
number of spring-rate curves. It 
sounds as if air springs are the com­
plete answer. But just like everything 
else in this world, you can’t get 
something for nothing. The problems 
of air springs are many and only the 
individual who is willing to tolerate 
the annoyances will be able to enjoy 
the advantages.

First we have the problem of mak­
ing sure this air-spring device does­
n’t spring any leaks. This requires 
that all the parts involved are kept in 
perfect condition. This also requires 
an investment in tanks, regulators 
and gauges in order to monitor the 
pressure all the time. Air-springs gen­
erate a lot of heat when the air is 
compressed. This heat causes the air 
to expand, which causes more pres­
sure which causes the spring-rate to 
change. Change in spring-rate due to

temperature change is the Achilles’ 
heel of most air-spring designs. 
Another problem is the increase in 
seal friction caused by internal air 
pressure forcing the seal outward 
against its sliding surface. This extra 
seal friction acts as excess damping 
and many times completely negates 
the benefits of the low initial spring- 
rate by causing “stiction.” In spite of 
all these and many more problems, 
air-springs still offer possibilities not 
available by any other method.

First let’s see why air-springs are 
naturally progressive. The answer lies 
in one of the laws of physics. 
"Boyles Law” states that if you com­
press a gas by reducing its volume, 
the pressure will rise inversely pro­
portional to the change in volume. 
Simply stated, if you cut the volume 
in half, the pressure will double.

In figure 3 we have applied Boyles 
Law to a typical air shock configura­
tion. The illustration shows an air 
chamber whose volume can be re­
duced by a piston moving up from 
the bottom. Position A shows the de­
vice fully extended. Position B shows 
the volume cut in half and the pres­
sure doubled. In Position C the vol­
ume is halved and the pressure is 
doubled again. Notice we had to 
move the piston only half as far this 
time to double the pressure. In Posi­
tion D the volume is reduced by half 
once again, and this time it was only 
necessary to move the piston one- 
quarter of the original change in dis­
tance. As you can see, the pressure 
quickly escalates near the end of 
travel. This pressure exerts a force 
on the piston to drive it back out of 
the cylinder and that is the spring 
resistance you feel. The amount of 
force you feel is the product of the 
pressure times the area of the piston.

Our illustration shows a cylinder 
with a very high compression ratio. 
(Compression ratio is the original or 
starting volume divided by the re­
maining volume at the end of travel). 
Figure 4 charts the spring rate 
curves of several different compres­
sion ratios. In all cases, the amount 
of stroke or change to the volume is 
the same (80cc). The starting vol­
umes do vary and of course the final 
volumes change accordingly. This 
kind of volume change can be 
accomplished with an air-fork or air 
shock by the simple addition or sub­
traction of oil fill. Notice it is the final 
spring-rates that are affected the 
most by compression ratio changes. 
Study the chart carefully to appreci­
ate how sensitive air-springs are to 
volume changes. Especially notice 
the dramatic final rate increases as­
sociated with the higher ratios.

The extreme rise in pressure can 
continued on page 88

FIGURE FOUR
PRESSURE CHANGES RESULTING FROM VARIOUS COMPRESSION RATIOS.

STARTING VOLUME TRAVEL VOLUME PRESSURE PRESSURE CHANGE

150cc EXTENDED 150cc 10 LBS. —
'A 130cc 11.54 1.54 LBS.
Vi IIOcc 13.64 2.10
3A 90cc 16.67 3.03

FULL BUMP 70cc 21.43 4.76

lOOcc EXTENDED lOOcc 10 LBS. —
'A 80cc 12.50 2.50 LBS.
Vt 60cc 16.67 4.17
3/« 40cc 25.00 8.33

FULL BUMP 20cc 50.00 25.00

90cc EXTENDED 90cc 10 LBS. —
'A 70cc 12.86 2.86 LBS.
Vi 50cc 18.00 5.14
3/4 30cc 30.00 12.00

FULL BUMP lOcc 90.00 60.00

85cc EXTENDED 85cc 10 LBS. —
’/« 65cc 13.08 3.08 LBS.
Vz 45cc 18.89 5.81
% 25cc 34.00 15.11

FULL BUMP 5cc 170.00 136.00

FIGURE FIVE
PRESSURE CHANGES RESULTING FROM VARIOUS STARTING PRESSURES

STARTING VOLUME TRAVEL VOLUME PRESSURE PRESSURE CHANGE

5 LBS. EXTENDED lOOcc 5 LBS. _
'A 80cc 6.25 1.25 LBS.
Vi 60cc 8.33 2.08
3/« 40cc 12.50 4.17

FULL BUMP 20cc 25.00 12.50

10 LBS. EXTENDED lOOcc 10 LBS. —
'A 80cc 12.50 2.50 LBS.
Vi 60cc 16.67 4.17
3A 40cc 25.00 8.33

FULL BUMP 20cc 50.00 25.00

15 LBS. EXTENDED lOOcc 15 LBS. _
1A 80cc 18.75 3.75 LBS.
Vi 60cc 25.00 6.25
34 40cc 37.50 12.50

FULL BUMP 20cc 75.00 37.50

20 LBS. EXTENDED lOOcc 20 LBS. —
'A 80cc 25.00 5.00 LBS.
Vi 60cc 33.33 8.33
% 40cc 50.00 16.67

FULL BUMP 20cc 100.00 50.00
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sometimes be more than is desirable. 
Some of the current air-spring de­
signs now incorporate some method 
to allow the volume in the cylinder to 
stretch or increase after a certain 
pressure is reached. This is accom­
plished by a secondary floating pis­
ton or a diaphragm with adjustable 
pressure behind it. The theory is to 
create a gentler increase in spring- 
rate near the end of travel when 
higher starting pressures are used 
and in fact this second adjustment 
gives an almost infinite number of 
combinations.

Another approach common today 
is to augment air-springs with a soft 
straight-rate coil spring. This is done 
for two reasons. First, less pressure 
is required to keep the motorcycle at 
an acceptable ride level. (If you start 
with less pressure the final rates will 
not be so severe.) Secondly, the 
problem of seal friction is reduced 
and the forks regain sensitivity over 
small bumps.

The starting pressure is another 
tunable adjustment, but it affects the 
spring-rate in quite a different man­
ner than the compression ratio. Fig­
ure 5 charts the effect of several 
starting pressures. The change in 
volume is again 80cc and the starting 
volumes remain constant.

Notice that changes to starting 
pressure affect the initial rates more 
than was the case with changes to 
the compression ratio. Notice also 
that they affect the final rates much 
less than compression ratio changes. 
By juggling starting pressure and 
starting volume you can tailor a 
spring-rate curve that exactly 
matches the demands of your bike.

Let’s see how we might apply all 
this theory directly to your motorcy­
cle, and particularly to your front 
forks. Suppose while test-riding you 
conclude the forks are too stiff and 
don’t travel the full amount, so you 
lower the starting pressure. Suppose 
this change doesn’t help the feel 
very much and the fork travel is still 
incomplete. This is a good indication 
the problem is actually too much oil 
fill. Drain out a little oil and make 
another pass over your favorite moto- 
cross course. A possible result could 
now be a general improvement and 
complete travel but also a loss of 
damping control over small bumps 
(chatter). This indicates the forks 
need the extra oil to keep the damp­
ing parts submerged at all positions 
of travel. The solution now is to add 
oil to restore the oil level to its origi­
nal height. Then provide more air 
space above the oil by adding a res- 

continued on page 93
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ervoir or extending the fork caps. 
With the oil level optimized you can 
once again survey various starting 
pressures. You may also have to play 
with the volume of the new reservoir 
in order to get the ratio just right.

A side effect to these new spring- 
rate curves may be that the hydraulic 
damping will have to be adjusted to 
match. Many times a new spring-rate 
curve will be sabotaged by incorrect 
damping. Don’t disregard any 
“pressure/fill” combination until you 
are confident the damping has first 
been optimized. This can normally be 
accomplished by changing the vis­
cosity of the fork oil.

Another possible condition is that 
no matter how high you make the 
starting pressure the motorcycle 
forks still bottom-out. This indicates 
too low a compression ratio. Add 
some extra oil to correct this condi­
tion. If you find that you can’t get a 
combination that works freely over 
little bumps without bottoming you 
might consider a light helper spring 
to augment the air-spring. Be sure to 
use slightly lower starting pressures 
in conjunction with a helper spring.

When performing these tests, keep 
in mind that the various combina­
tions of spring-rate curves overlap 
and interact in an intricate manner. 
Any single adjustment may require 
one or two adjustments of other ele­
ments in order to completely evaluate 
your results. The perfect combination 
may be elusive but very satisfying 
once it is achieved. M
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I 4500 Campus Drive, Dept. ECO 58 Newport Beach, CA 92663 
| Rush free color brochure and full information on how I can 
I learn motorcycle repair for only a few dollars a month.

| NAME_________________________ _____ ________ AGE_____

SUPER BIKE WRENCH
Remarkable New Universal 

Wrench Handles Both 
Standard 8- Metric

The perfect compact tool for any bike, this 
universal wrench adjusts to up to 40 different 
sizes, instantly. It can handle standard nuts 
from 3/8-inch to 13/16-inch, and all metric sizes 
from 9mm thru 22mm. Its unique design, which 
grips nuts and bolts on three sides, enables 
tightening (or loosening) of even severely de­
formed nuts, prevents damage to good nuts. 
Ratcheting, box-end and crescent features are 
combined in one unit, the 9" long wrench is 
made of chrome vanadium steel and can han­
dle any kind of nut: square, hex, etc. $6.95 post­
paid and fully guaranteed. Howard Products 
Co., Dept. CY, P. O. Box 57246, Dallas, Texas 
75207.

GENUINE

BMW PARTS
20%0FF”tust
Price List upon request. 
Parts shipped anywhere.

CAPITAL CYCLE 
CORPORATION
2328 Champlain St., N.W. 
Washington, DC 20009 
phone (202) 387-7360
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