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A machine develops and continues to develop. Take the Hobby-Horse; in 1791 this 

was just a toy, a moving seat. But when pedals were added it became the first real 

bicycle. Over the years, various models came and went, each striving for an easy, 

speedy ride but as the bicycle became more efficient, other problems arose. Solid 

wheels made them bone shakers. These were the days before the pneumatic tyre. The 

Penny-Farthing attempted to overcome this by having a large wheel which would ride 

over holes in the road. But when riders could get on them, they often fell off. They 

may look impressive, but weren’t a success. The designs moved on, many were tried 

but none survived, probably because of their complications. By the early 1900s, the 

shape was getting nearer to the now familiar diamond frame structure with equal sized 

wheels. Was this the ultimate basic shape for a bicycle? One might think so. Although 

lots of things have improved, brakes, tyres and so on, the diamond frame structure 

still remained.  

But then, in 1962, something radical happened. A new bicycle came on the market, 

this time with small wheels. Its designer was Alex Moulton. This programme is about 

the evolution of his design. While Alex Moulton himself tells his story of why he built 

it his way, observe how he used materials in novel ways to deal with such mechanics 

problems as compression, shear, strength and stiffness. You may disagree with his 

approach to design, you may disagree with his solutions. Think about it for yourself. 

For there isn’t a unique solution to any design problem. 

Alex Moulton: 

It is the efficiency of a bicycle that fascinates me as an engineer. 

Now, this is my own personal bike which I love riding. Let’s go inside now, to the 

museum and have a look at how it all happened.   

Now this is how it all began, as far as I was concerned. In 1956, the time of the Suez 

Crisis, I thought that I would turn to my old love, the bicycle, and get the very best 

classical one that I could, to ride about in the petrol shortage, and this Hitchins 

machine, I bought. And as you see, it’s got high pressure tyres, a very light frame, and 

the best that goes into classical practice. And it is the efficiency of the bicycle that 

fascinated me right from the beginning. But riding this machine made me wonder 

whether we couldn’t take the thing a stage further.   
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So that was the conventional b icy«le and what d id we 

do? Wel l , the f i r s t th ing we had a look at was whether the 

c lass ica l pos i t ion of r i d i n g was correct . And we bought a 

hor izonta l "bicycle where the posture i s recumbent and we soon 

found that i t was more t i r i n g to hold t h i s hor izonta l pos i t ion 

turn ing on the heavy th igh , than the c lass i ca l . So a feature 

we were d e f i n i t e l y going t o use on the new bicyc le was the 

standard r i d i n g pos i t i on . ^ i ^ 

Then we made, which i s i f you l i k e cal led the groping 
period f o r a d e f i n i t i v e form, a number of models. And they a l l 
had features i n common, namely r e l a t i v e l y small-sized wheels, 
the orthodox r i d i n g pos i t ion and operat ing onto a pedal and crank 
mechanism, and some sor t of weather protect ion oh the f r o n t , the 
p o s s i b i l i t y of carry ing some baggage on the back. And also 
important, an opeti frame i n order that the b icyc le could be uni-* 
sex as i t were and not have a d i f f e r e n t i a t i o n of machines w i th 
a cross bar or an open frame as on the c l ass i ca l , w,'££ 

Now wi th the small wheel i t was very apparent from the 
beginning that we should su f fe r shook. So r i g h t from the f i r s t 
experiments we had i n the f i r s t instance a f ron t fo rk suspension -
t h i s i s the f o r k , here i s ths wheel spindle here - and ( i n f a c t , 
t ha t ' s the way around), w i th a l i t t l e leading arm and a rubber 
spr ing. Now the f i r s t actual b icycle incorporat ing some of these 
features which we made incorporated th is l i g h t a l l oy aluminium 
frame, which i s as you see very l i g h t and t h i n , and the machine 
i t s e l f had th i s open form, the adjustment of the saddle there> 
and of the plat form f o r carry ing luggage there . The machine looked 
l i k e t h i s . I t s f i r s t form i n 1959. And when being r idden, l i k e 
t h a t . That was our Mark 1 , August 1959. So t h i s was our f i r s t 
experiment. But i t was very unsat isfactory i n a fundamental 
reason that there was road noise or v i b ra t i on coining up from the 
h u l l . And i t was one of these o l i«k decisions to say that i t was 
en t i r e l y wrong to t r y and make the st ructure out of a mono«og 
i n the manner of an aeroplane or a motor car. And the r i g h t t h ing 
was to go f o r a frame. So t h i s was our f i r s t actual d e f i n i t i v e 
machine. You must forg ive the cannibal !sat ion which has taken 
place afterwards where we used t h i s machine f o r , as you can see, 
f o r experimenting wi th d i f f e ren t head angles and t r a i l s , but you 
can see the form. A tubular backbone going from above the wheel, 
the f r o n t wheel, down towards the rear wheel. The modern bracket 
or crank axle dependant from i t , and the upr ight of the seat tube 
coming up from the crank ax le . And t h i s i s the d e f i n i t i v e P form 
mounted on the 16" wheel w i th high-pressure ty res , which be»ame the 
d e f i n i t i v e form of the Moult on Bike. ~? ^ jT " 
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Now looking at these machines here, they represent an 
intensive period of development. The form having been establ ished, 
but development to ge t the th ing f in ished and closed. I n passing, 
you w i l l note that from the models that we've looked at the 
weather protect ion was t r i e d i n t h i s form. And you can see the 
shie ld and the rather hooded mudguard and the rear protect ion 
f o r the rear wheel, very we l l shrouded, and th i s theme of 
protect ion against weather we carr ied through w i th the help of 
Sergio P my f r i end and famous body designer, who 

improved very much the shape of t h i s cowl o r weather pro tec t ipn 
from my stumbling e f f o r t s to get the simple shape to th i s 
pleasantly s ty led one. I n the event, we d i d n ' t i n f a c t go on 
w i th any form of weather p ro tec t ion . We f e l t that i t was too 
cumbersome and too large from the point of view of stowing the 
machine. g-'j£f 

Now l e t us have a look therefore at what we d id go on 
w i th i n the las t stages of development before we went on the 
stage of product ion. Now s ta r t i ng at the f r o n t , I ' ve said that 
we f e l t i t was very necessary to have, w i th these small wheels 
and high pressure t y re , some form of suspension. And the f i r s t 
one that we used i n a serious iray was th i s t r iangulated fork 
here, carrying the f ron t spindle, and also making an abutment fo r 
the ca l i pe r "brake uiiderneathj and pivoted at the rear there w i th 
a very s t i f f tube here going up in to the steer ing column. So as 
the wheel i s turned the s teer ing, as the handle bar i s turned the 
steer ing i s conveyed to t h i s p ivo t through t h i s s t i f f tube. The 
spr ing i t s e l f i s simply a block of rubber which, I can press i t 
down so, the suspension i s at ta ined by the rubber being deformed 
i n compression i n that way. jd* 13' 

Now one of the object ives of t h i s form of suspension 
was the fac t tha t i t could be •ommonised w i th that a t the rear . 
And i f you look at the rear of the machine you w i l l see a s im i la r 
construct ion operating through a lever from pressings onto a 
rubber compression spr ing and w i th the s im i la r pos i t ion of the 
ca l i pe r brake underneath t h i s t r iangulated construct ion. f£)W^ 

Now toming back again to the f r o n t , we found that 
though t h i s gave a very s i l k y r ide and suspension, there was a 
fundamental disadvantage which drove our design in to a d i f f e ren t 
d i r ec t i on , namely that the mass of th i s concentrated so f a r behind 
the steer ing axis opposed the natura l movement of the b icyc le i n 
producing i t s se l f - cen t r ing force, which i s that when i t leans in to 
a bend the wheel should tend to tu rn i n and thereby generate a 
cent r i fuga l force which i s the f i r s t act of s t a b i l i t y . The mass 
o f t h i s th ing opposed t h i s and tended to move i n the opposite 
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d i r e c t i o n , and i t gave a very unsat is factory f ee l to the 
If****"' s teer ing. So t h i s concentration of mass had to go. And we 

worked on a telescopic f o rk i n which there was no mass here, 

concentration of mass here, but the spr ing was up inside the 
head post. And one of the problems was to obtain te lescoping, 

meaning moving up and down i n tha t way, and at the same time 

to maintain the guidance which i s obviously essent ial i n a 
steer ing system. And t h i s f i r s t attempt was a very obvious 

one. I t was i n the manner of an a i r c r a f t undercarriage, namely 
the toggle l i n k , which communicates the ro ta t i ona l movement 

from here to there, a t the same time al lowing the telescoping 

to take place, moved up and down i n that way. • •£** 

So t h i s was a so lu t ion which produced good steer ing 
and not bad suspension, but defect ive i n the scale o f a b icyc le 
w i th i t s harsh usage, defect ive i n having these exposed j o i n t s -
That was therefore to go. How jus t before we leave t h i s machine, 
here i s another feature which had a r r i ved , namely the •ar ry ing 
handle had now become a s t ruc tu ra l member and also v i sua l l y i n 
order to strengthen the l i n e of ths machine, remembering that 
we had t h i s open frame and I f e l t that i t was necessary to have 
a masculine l i n e to the th ing i n the manner of a cross-bar 
which we'd removed, so aes the t ica l l y t h i s could be l ikened to 
a small cross-bar so that the boys wouldn't mind, wouldn't f ee l 
emasculated i n r i d i n g an open frame b icyc le* S t ruc tu ra l l y , we 
went s t ra igh t through to t h i s ca r r i e r here, ac tua l l y piercing 
the seat post and had t h i s considerable s t r u t under there and no 
t i e to support toe load from here. On the rear suspension, ' 
having got r i d of the s i m i l a r i t y between the f ron t and the rear , 
we went to a single tube here and act ing on a compression block 
i n that manner, and we had removed the ca l iper brake from i t s 
vulnerable pos i t ion from the point of view of ra in going onto i t 
when i t was down there, to a be t te r protected pos i t ion there. 
So that i s the penultimate development of the b icyc le before i t 
went on the stage of marketing. J 35* 

Now at l as t we come to the b icyc le that went before the 
very surprised pub l ic i n November, 1962, at the Bicycle Show, where 
we were overwhelmed by the in te res t and desire to buy th is th ing 
we had created over the l as t few years. Now y o u ' l l see, tak ing an 
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overa l l view how the d e f i n i t i v e form has come. Front car r ie r* 
The open frame, male o r female. The hor izon ta l low cross-bar 
f o r s t ruc tu ra l reasons as we l l as to provide a support f o r the 
large rear boot here. And the support of the ca r r i e r beam i s 
by a t i e which was very soon added to by t h i s s t r u t here 
because we soon found that people were overloading th i s rear 
boot and we had t rouble i n th i s area here due to the inadequacy 
of t h i s s t i f f n e s s . So that s t r u t was important ly put i n 
immediately a f t e r produt t ion . ^ ££ 

Now l e t ! s look at what we d id i n the f i n a l count on 
the f ron t and rear suspension on th is f i r s t production model. jfei° 
Here i s a sectioned model of the frame I r ve jus t shown you and 
you can see, looking at the f r o n t , what we f i n a l l y d i d . Te 
maintained a spr ing up the middle of t h i s telesoope, which looks 
l i k e , i n f a c t , t h i s , which i s j us t a b i t of rubber oord inside 
a c o i l spr ing which s tab i l i ses the rubber and organises movement, 
but essent ia l ly rubber, carry ing 80fo of the load, and a c o i l 
spr ing to organise the de f lec t ion of the rubber. The spr ing 
goes i n there and the whole i s a s ingle telescopic un i t i n wjiich 
the important func t ion of the steer ing guidance i s obtained by 
a spl ined nylon sleeve there, which belongs wi th the steer ing 
column, which engages w i th these metal splines which belongs 
to the f o r k . And the movement between one and the other provides 
the locat ion of the f o r k and at the same time provides the 
guidance, i n that way, accompanied by the movement up and down 
f o r suspension. I n t h i s way, which you can jus t see there, and 
at the same time al lowing the steer ing tc take place. A very 
neat so lu t ion which we have kept throughout the whols series 
of design. rVs-S*"' 

Then coming to the rear of the machine, rear suspension 
comprises a bonded rubber compression share element. Compression 
i n that way. And shared between there and there i n that manner. 
As you can see as I f l e x i t . The whole of the rear fo rk i s pivoted 
on a nylon bushed bearing whioh provides act ion without the need 
f o r l u b r i c a t i o n . Here you see the s t r u t which was put i n de-
mountably and f i xed by a l i t t l e yoke there, to support the excess 
load which could eas i ly be put onto the c a r r i e r , which wi th only 
th i s t i e made the whole of t h i s seat post ro tate about that axis 
there w i th disastrous r e s u l t s . This l i t t l e t i e , t h i s l i t t l e 
s t ru t was immensely e f f ec t i ve , being so f a r out from that point 
there , immensely e f fec t i ve i n supporting a great load there 
without deformation there. -^ n*** 

So that was the machine which we went i n to production 
w i th and which star ted the revolut ion of the small wheel b icyc le 
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which r e a l l y showed that the o lass ica l machine, wi th ' i t s diamond 

frame and 26" wheel, need not ru le supreme without any challenge* 


