
The PW3 Camshaft  

I  want  to  te l l  you how to des ign a cam. Please don’ t  be f r ightened;  i t  

cer ta in ly  won’ t  hur t  and i t  should be fun.  

I ’ l l  s tar t  wi th  some bas ics f rom everyday l i fe .  A metre is  about  the same 

as a yard;  jus t  three inches more.  A s t ro l l ing speed is  one metre per  

second.  The f i rs t  graph below shows a s t ra ight ,  hor izonta l  l ine at  leve l  o f  

1metre per  second and 10 long ind icat ing that  the s t ro l l  las ted just  10 

seconds.  

The second graph ind icates the number  of  metres covered for  each of  the 

10 seconds of  the s t ro l l .  

 

 

 

Th ink now of  a  b lock of  someth ing that  has a mass of  1  k i logram s i t t ing on 

a rea l ly  s l ippery sur face of  a  tab le .  When you push on the b lock wi th a  

force of  1 Newton i t  w i l l  be accelerated at  1  metre per  second per  second,  

i .e .  1  metre more for  each second you push i t .  

 

 

The accelerat ion is  represented on a graph you can see on the le f t  be low.  

The b lock wi l l  s tar t  to  move and wi l l  go faster  and faster  and the middle 

graph shows how the speed of  the b lock increases dur ing the 10 seconds 

of  the 1 Newton push.  And the way the d is tance of  the b lock increases 

f rom i ts  s tar t ing po int  as the speed increases dur ing the 10 seconds is  

shown on the graph on the r ight ,  be low.
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The force of  1  Newton is  named af ter  Isaac Ner ton who put  forward the 

ru les of  mot ion and the ru les that  sc ient is ts  and engineers l ive by.  In  fact ,  

perhaps wi thout  rea l is ing i t ,  we a l l  do.  And they are amazingly  s imple and 

obv ious.  

First  Law :  Everyth ing wi l l  s tay where i t  is  or  wi l l  cont inue moving in  a  

s t ra ight  l ine un less a force pushes i t  to  change i ts  speed or  d i rect ion.  

 Second Law :  When a mass (ca l led m)  is  pushed by a force (ca l led F)  i ts  

accelerat ion (ca l led a)  w i l l  be in  the same d i rect ion as the force and the 

force wi l l  be d i rect ly  propor t ional  to  the mass and the accelerat ion,   

i .e .  F  =  m x a .   

       

Third Law :  The pusher  and the pushed fee l  equal  and opposi te  and 

co l l inear  forces.  This  means that  whenever  a f i rs t  body exer ts  a  force F  on 

a second body,  the second body exer ts  a  force −F  on i t ;  the act ion is  

equal  and opposi te .  

One of  S i r  Isaac ’s  contemporar ies was Rober t  Hooke who used to  hang 

around in  the parks og l ing the g i r ls ,  whereas Si r  Isaac lounged around 

under  apple t rees.  He was a lso a very c lever  b loke and he s tated a Law 

that  is ,  perhaps,  even more obv ious than Si r  Isaac ’s .  He sa id that  s t ra in ,  

or  def lect ion,  is  d i rect ly  propor t ional  to  s t ress wi th in  the e last ic  l imi t  o f  

the mater ia l .  Any force appl ied to  anyth ing wi l l  cause i t  to  d is tor t .  

When I  des igned the Nor ton 2S,  3S and 4S cams I  copied my fa ther ’s  

work.  He was Jack Wi l l iams and was race ch ief  and Chief  Development  

Engineer  wi th  Associated Motor  Cyc les (AMC).  They made AJS and 

Match less and other  smal ler  motorcyc les up to  the mid- ‘60s.  He had been 

impressed by the log ic  o f  a  Mr.  B ishop,  who worked for  Br i t ish Motor  
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Corporat ion (BMC) manufacturers  of  Aust in  and Morr is  cars .  He thought  

that  us ing the mathemat ica l  s ine curve was the natura l  way to  move in take 

and exhaust  va lves up and down.  The s ine curve is  the shape of  the 

r ipp les on a pond af ter  a  s tone is  dropped in  i t  and when you see a toy 

boat  bobbing up and down as the r ipp les spread outward passed i t  the 

boat  is  being accelerated up and down s inusoida l ly .  From a t rough in  the 

r ipp les the water  pushes the boat  upwards,  i t  reaches a maximum upward 

ve loc i ty ,  and then s lows to  the peak of  the wave.  The reverse sequence 

occurs on the way back down in to  the t rough.  

 Design ing a cam to vary the accelerat ion of  the va lve mechanism wi th  the 

s ine form resul ts  in  a  smooth changing of  accelerat ion and a smooth 

t rans i t ion f rom posi t ive accelerat ion to  negat ive accelerat ion.  

Remember ing Si r  Isaac ’s  2n d  Law th is  causes the forces created by 

accelerat ing the masses of  the va lve mechanism to increase and decrease 

gradual ly  wi th  the a im of  l imi t ing no ise.  But  par t icu lar ly  i f  des ign ing cams 

for  rac ing when noise is  a  smal l  cons iderat ion i t  seems point less to  just  

change accelerat ion and the propor t ionate force gradual ly .  The s t rengths 

of  the par ts  in  the va lve mechanism are concerned only  whether  the 

s t resses they fee l  are too great  or  not .  A gradual ly  increas ing force and 

resul tant  s t ress appl ied to  a  component  that  doesn’ t  exceed i ts  s t rength is  

f ine.  But  so is  a  sudden force and s t ress that  doesn’ t  exceed the 

components s t rength.  

 The s ine form of  accelerat ion is  s imi lar  to  a  Rider  A s lowly  opening h is  

twis t -gr ip  throt t le  and gradual ly  accelerat ing away f rom t ra f f ic  l ights ,  unt i l  

eventual ly  the f ront  wheel  av ia tes.  Instead,  Rider  B twis ts  the gr ip  so that  

the f ront  wheel  comes up immediate ly ,  and he shoots  ahead of  Rider  A.  

Rider  A wi l l  have to go to  a h igher  accelerat ion by somehow delay ing the 

f ront  wheel  f rom l i f t ing,  or  to keep accelerat ing longer  to  catch Rider  B.  

I  chose to fo l low the example of  Rider  B,  (a lso fo l lowing Cosworth 

t ra in ing)  in  my des ign for  the PW3 cam. I  f igured that  a  lower  but  

susta ined per iod of  constant  accelerat ion was bet ter  than a per iod of  

gradual ly  increas ing and then decreas ing accelerat ion which has a much 

h igher  peak va lue.  Again remember ing Si r  Isaac ’s  2n d  Law, the h igher  the 

accelerat ion the h igher  the force wi l l  be and,  consequent ly ,  the h igher  the 

s t resses in  the push-rod,  rocker ,  rocker  sp ind le,  the va lve i tse l f  and a l l  

areas of  contact .  More impor tant ly ,  as Mr.  Hooke prophesised,  the h igher  



force in  the push-rod and rocker ,  the more they wi l l  d is tor t ,  behaving as 

h igh rate spr ings.  I  ca lcu la ted the maximum force that  occurred in  rea l  l i fe  

caused by the 3S Nor ton cam. We appl ied the same force on a cam 

fo l lower  engaged wi th  the push-rod and rocker  pushing against  a  f ixed 

va lve t ip  a l l  assembled in  a  s tandard Nor ton Commando cy l inder  head and 

barre l  and measured the d is tor t ion.  The cam fo l lower  sur face moved 0.013 

inches (0.33mm) so I  dec ided wi th  the PW3 cam to apply  much less 

accelerat ion on the va lve t ra in  but  to  apply  i t  immediate ly  wi th  no 

var ia t ion unt i l  ramping i t  down as the speed approached maximum. 

 

 

Having dec ided on the bas ic  des ign pol icy  of  how to apply  forces there are 

some const ra in ts  and dec is ions s t i l l  to  be made.  

The contact  po int  o f  the cam sweeps across the face of  the fo l lower  as the 

cam rotates.  The maximum fo l lower ’s  speed,  and that  o f  the rest  o f  the 

va lve t ra in  mechanism, is  l imi ted pr imar i ly  by the phys ica l  width of  the 

cam fo l lower .  In  the p ic ture on the r ight ,  be low,  the point  o f  contact  o f  the 

curvature of  the cam wi th  the f la t  fo l lower  is  very  near  the edge.  The 

faster  the cam rotates the faster  the contact  po int  wi l l  push the fo l lower  

downwards The d is tance of  the point  f rom the centre l ine is  the 

eccentr ic i ty  and for  obv ious reasons we don’ t  want  to  des ign the cam for  i t  

to  go over  the edge. .    

We might  be able to increase the s ize of  the fo l lower  to  a l low the shape of  

the cam to g ive a greater  speed but  l ike those b ike r iders  A and B who 

would have to  brake harder  to  s top f rom a h igher  speed to  s top at  a  

par t icu lar  po int ,  we would have to  make the cam wi th  greater  decelerat ion 

towards fu l l  l i f t .  Then we would a lso have to  make a spr ing that  is  s t rong 

enough to  do the decelerat ion;  and the curvature of  the nose of  the cam 

might  become too pointed and wear  out  because of  be ing overst resse 
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Another  d isadvantage of  accelerat ion of  a  s inusoida l  form is  that  the 

torque on the camshaf t  requi red for  the cam to accelerate a va lve f rom i ts  

seat  can be dest ruct ive because a character is t ic  o f  the s ine funct ion is  

that  the ve loc i ty ,  too,  wi l l  vary  s inusoida l ly  or  ra ther  cos inusoida l ly .  Cam 

torque var ies as the product  o f  the accelerat ion and the ve loc i ty  resul t ing 

in  very  h igh cam dr ive torque which caused fa i lure of  my fa ther ’s  ‘works ’  

AJS 7R on two impor tant  occas ions.  I t  is  very  sudden,  shor t  durat ion,  but  

an in tense,  h igh va lue ‘s tab torque’ .  

 

          

 

The low opening accelerat ion of  PW3 cam avoids  th is  as wel l  as keeping 

down the forces in  the va lve t ra in  mechanism. The push-rods and rocker ,  

e tc .  are not  caused to  def lect  (h igh ra te spr ings)  as much as prev ious ly .  

The va lves of  the John Player  Nor ton us ing my 3S,  4S or  5S cams used to  

s tar t  to  go out  o f  cont ro l  o f  the cams ( f loat ing)  a t  around  6 ,600 rpm 

( remarkable that  peak power was at  7 ,200 rpm).  There was no point  in  

le t t ing the engine rev beyond 7,500 rpm. But  a  Nor ton 750cc twin can be 
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buzzed happi ly  and ef fect ive ly  to  8,000 rpm wi th  the PW3. The va lves 

don’ t  f loat  unt i l  7500 rpm.  

There are many more aspects  of  des ign to  look at ;  the shaping of  the 

c learance (qu ieten ing ramp) is  one.  And I  have shown the cam fo l lower  

here as hav ing a f la t  face and moving up and down in  a  s t ra ight  l ine (as in  

a  cy l inder)  but  there are rad ius faced fo l lowers and osc i l la t ing “ f inger”  and 

rocker  fo l lowers,  too.  Cams are fasc inat ing!  

But  the two main benef i ts  o f  the PW3 are more power and more torque.  

The power is  increased because the va lves open more quick ly  than other  

cams a l low and a l low more a i r  in to  the combust ion chamber.  There is  

more torque because the in le t  va lves c lose ear l ier  than other  cams a l low 

so that  that  greater  amount  o f  a i r  is  t rapped and burnt  e f fect ive ly .  

The f ront  wheel  o f  the John Player  Nor ton was only  l i f ted when being put  

in  the van.  A Nor ton 750 wi th  a PW3 camshaf t  can l i f t  the f ront  wheel  in  

the f i rs t  two gears!  

And normal ly  lubr icated the PW3 won’ t  wear  out  because i t ’s  made of  the 

mater ia l  that  modern camshaf ts  should be made of ,  ch i l l -hardened cast  

i ron.
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